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THE object of this Work is to indicate, in the most distinct

manner, that arrangement of the Apartments in Farm-

Steadings best adapted for each of the methods of Farming prac-

tised in the kingdom. It maj surprise those unacquainted with

Agriculture to learn that there are various modes of Farming.

There are not fewer than Five distinct systems of Farming pursued

in this country. In view, then, of this variety in modes of prac-

tice, it will be obvious that no single arrangement, however

apparently complete and well conceived, can meet the require-

ments of all circumstances of practice, or be calculated to secure

the strictest economy of labour. As the manufactures of wool,

cotton, silk, or flax, require arrangements of premises suited to

the peculiarities of the material to be operated upon, so in like
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manner do the peculiarities of " dairy," " pastoral," or of " mixed"

husbandry, demand arrangements calculated to aid their practice.

A very slight consideration indeed of this subject will suffice to

show that the accommodation required on a farm solely devoted

to the rearing of live-stock, should not be the same as that required

for one which is cultivated entirely for the raising of corn.

But although the arrangement of the Apartments of Steadings

should vary in accordance with the kind of Farming, yet every

arrangement suited to the various modes of Farming may be

founded upon such a General Principle as shall insure the greatest

convenience and economy in the use of each arrangement.

The Authors are quite aware of the difficult task they have

undertaken in order to attain the important object they have thus

enunciated ; but, nevertheless, they flatter themselves that the

object has been attained in this Work, and that for the first time by

any writer who has hitherto attempted to illustrate Farm-Buildings.

Without pledging themselves to any specific amount of matter,

the Authors may be permitted the statement that, in addition to

Plans expressly prepared to working scale, to elucidate the " Prin-

ciple" of arrangement of Steadings suited to all varieties of Farm-

ing, and to ample working details of construction and fittings of

apartments, it is proposed to give such Plans of Farm-Houses,

and of Bailiffs' and Labourers' Cottages, as shall exhibit details

of convenient arrangements and fittings. The construction of

Bridges, Embankments, Culverts, Dams, &c.— those " outlying

buildings" of the Farm—will also receive due attention. It is

thus the aim of the Authors to make the work a trustworthy and

practically useful authority in all matters connected with the

Buildings of the Farm.

WILLIAM BLACKWOOD AND SONS
EDINBURGH AND LONDON
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PREFACE.

By the time a Second Edition of the Booh of the Farm was demanded,

a great prospective advance in theoretical agriculture was propounded

by chemists, at the head of whom stood the eminent Liebig. The

proposition was to explain the rationale of agricultural practice on

scientific principles, and to establish it for the future upon a foun-

dation of true philosophy, instead of the empiricism by which it had

hitherto been upheld. Like every new and unexpected proposal,

the aid of chemistry to agriculture, promising such great results,

excited ardent expectations, and was hailed with particular favour by

agriculturists at a period when their interests were likely to be injured

by foreign competition ; and although, after some experience, the

results have, unfortunately, not been so decidedly beneficial as was at

first anticipated, enough has been demonstrated by the returns of the

field to convince the agricultural community that their art, in order to

reach its utmost importance, must, for the time to come, be based upon

the suggestions of chemistry. At once many of the practical results

of farming were satisfactorily explained by the action of chemical

laws, while the composition of vegetable and animal products was

soon made known to the farmer, as were also the direct effects of

special substances upon growing crops and fattening animals, so that

a large number of valuable facts were speedily collected as data for

future guidance in practice. In any work on systematic agriculture,

those accumulated facts could not be overlooked without culpable neglect.

This being the state of matters when the Second Edition of the Booh

of the Farm was in hands, it was found necessary to rewrite the

theoretical portion of that work ; and as the adoption of new
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vi PREFACE.

matter would have much enlarged its bulk, which was large enough

already, it was determined rather to diminish it by excising the parts

which described minutely the construction of agricultural machines.

In following out this plan, it was the intention of the late Mr Slight,

by whom the descriptions referred to had been written, to have de-

scribed the mechanical construction of every important machine and

implement in use, and to have published his descriptions in a separate

work, as a companion to the Second Edition of the Book ofthe Farm ;

but death put an end to the scheme, and deprived, at the same time,

agricultural mechanics of one of its most clear-headed and successful

expositors. Years passed by without the prospect of the completion

of the contemplated work, until the Editor became acquainted with

Mr Robert Scott Burn, a young and enthusiastic practical engineer,

who had devoted a considerable portion of his attention to agricultural

mechanics. With his assistance, this work has been at length completed.

Seeing that many of our agricultural machinists displayed iu their

works deficiency in mechanical science, and, in consequence, mechanical

construction, it was deemed expedient, in order to render this work

specially useful to them, to dwell somewhat fully on those branches of

mechanical science which bear most obviously on their particular art,

and to illustrate the principles upon which it is founded, by the selec-

tion of the most useful machines and implements that exhibit greatest

talent in mechanical construction. For this purpose much of the

matter contributed by Mr Slight has been made use of, while many

machines which have been brought into practice since his day are

now described by Mr Burn with due mechanical minuteness for the first

time. It is evidently impossible to figure and describe every agricul-

tural machine in use in these Islands, nor is such a task necessary to be

undertaken. It suffices, on taking a general survey of the vast number

of agricultural machines which have been presented to the notice of

agriculturists, to select only those which arc really of use. The whole

stock of agricultural machines may be divided into two categories,

—

namely, those which are not now in geueral use, and those which are

in use. It is needless to describe machines which have become

obsolete, only those which are in use really deserving our attention ;

and even every one of these should not be described, because some
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PREFACE. Tii

cannot be commended, and others are inaccessible on account of the

indifference or jealousy of their inventors. It is painful to advert to

this last circumstance, but it is incumbent on us so to do, in order

to the explanation of our apparent neglect in overlooking what may by

many machinists be deemed good and useful machines, and which

would most probably have been figured and described had their inventors

and makers willed that it should be so. We, however, avail ourselves

with pleasure of this opportunity to acknowledge our special obliga-

tions to the following firms and gentlemen, for affording us information

in connection with the several machines and implements, for the inven-

tion and manufacture of which they are celebrated : Messrs Garrett, of

Saxmundham, Suffolk ; Messrs Clayton and Shuttleworth of Lincoln
;

Messrs Ransome and Sims, Ipswich ; Messrs Hornsby, Grantham
;

Messrs Richmond and Chandler, Manchester ; Messrs Barrett, Exall,

and Andrewes, Reading ; Messrs Rankin, Liverpool ; Messrs Dray

and Co., London ; Messrs Tuxford, Boston ; Messrs Smith and Ashby,

Stamford ; Messrs Reeves, Westbury ; Messrs Williamson, Kendal

;

Messrs Turner, Ipswich ; Messrs Gwynne, London ; Messrs Griffith, Bir-

mingham ; Mr Fowler, London ; Mr B. Samuelson, Banbury ; MrBentall,

Heybridge, Maldon ; Mr Thompson, Lewes ; Mr Coleman, Chelmsford.

Confining our consideration to machines and implements actually in

use in agriculture, we have divided them according to the two great

purposes for which they were invented—namely, into those used directly

in the cultivation of the soil, and those used only in connection with its

products. In treating of their mechanical construction, it was necessary

to test the applicability of each machine to the purpose for which it had

been invented ; for unless this can be established by proper criteria, no

progress can be claimed, for agricultural machinery, towards such per-

fection as is to be found in machines in the other arts to which the

industry of the nation is directed. To attain this desirable end, it is

a prominent feature of this work, in the first place, to elucidate the

scientific principles which regulate the choice of materials in the

construction of machines and implements ; and, in the next place, to

illustrate the practical construction and properties of those machines

and implements, and their adaptation to the particular purpose for

which they are employed in agriculture.
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Although, as we hare already said, it is impossible to notice every

machine in use, yet we are not unaware of the advance towards per-

fection which is being made in every department of agricultural

mechanics. Of the modifications and peculiarities of numerous recent

inventions in agricultural mechanism, and of the practical results

of the working of many of them, we have had full information ; but the

limits of this work, in addition to the reason above referred to, have

precluded their being noticed. Of these inventions and their inventors

we may here mention-

—

In Steam Cultivation.—Mr William Smith of Woolstone, Bucks ;

Mr John Allin Williams of Balyden, Wilts ; and Mr P. A. Halkett of

Merton Road, Wandsworth, London. These gentlemen, by a large

expenditure of time and money, have done much towards tho solu-

tion of the question of economical steam-cultivation. The inven-

tions of Mr Smith and Mr Williams depend for their action on a

system of traction by ropes, pulleys, and windlasses, after the man-

ner, more or less modified, employed by Mr Fowler, whose plan

we have fully described. Mr Halketts plan involves arrangements

of decided novelty, inasmuch as he prepares the land to be cultivated

for the operation of the implements employed, by laying down tram

or guide ways, by which he proposes to insure a precision of opera-

tion otherwise unattainable. Of machines or implements adapted to

steam-cultivation, to be dragged over the land either by the direct

power of a portable steam-engine fitted with Boydell's Endless Railway,

or by the windlass-and-pulley system of Fowler, and cognate plans, we

may here notice the Cultivator, with revolving tines, of Mr Bernard

Samuelson of Banbury, and the Eleven-tined Cultivator of Mr Richard

Coleman of Chelmsford. Of recent patents connected with steam-

cultivation now attracting attention, mention may be made of those

of Mr A. Dacre Lacy, of Hall House, Knayton, near Thirsk, York-

shire ; of Mr Thomas Keddy, of Handsforth, Stafford ; of Mr T.

Rickctts, of Castle Foundry, Buckingham ; and of Messrs Howard and

Baker, Bedford.

In Hay-making and Corn-reaping Machines.—The Self-acting

Horse-rake of Messrs Marychurch and Son, Haverfordwest ; and the

American Eagle Mowing-Machine, of Nourse, Mason, and Co., of
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Boston, U.S. (European Agent, H. S. Olcott, 31 Essex Street, Strand)

;

the Improved Reaping-Machine of Mr George Bell of Inchmicliael,

Errol, by Perth ; and the Union Reaping-Machine of Mr John Palmer

of Stockton-on-Tees.

In Thrashing and Corn- dressing Machine*.—The Thrashing-

Machine of Messrs Barrett, Exall, and Andrcwes, with wrought-iron

beater ; the Adjustable Corn-dressing Screen of Mr Roby ; the Patent

Hummeller of Messrs Barnard and Bishop, Norwich ; and we have

very recently had an opportunity of seeing in operation the simple Corn-

cleaning Apparatus, attached to the Thrashing-Machine, invented by

Mr Robert Ilislop, junior, Prestonpans, near Edinburgh.

In Miscellaneous Inventions, the Draw-share Hoe of " Sigma/' and

the Straw-Rope Spinner of Mr Thomas Simpson of Petersham, Surrey.

To those desirous of studying minutely the peculiarities of the dif-

ferent varieties of English agricultural machines and implements, we

would recommend a visit to be paid to the "Department of Agri-

cultural Machinery " in the Crystal Palace at Sydenham. The collection

comprises specimens of the manufactures of the most eminent makers,

and requires only a few additional examples, and a system of classifica-

tion, to make it complete. As it is, the comparatively good arrangement,

and the facilities offered by the Company for a quiet inspection of its

contents, render a visit to the collection a much more likely method

of obtaining sound information, as to details of construction and pecu-

liarities of arrangement, than a hurried inspection of the machines and

implements which a crowded agricultural show affords. It is to be

regretted that the agricultural-implement-makers of Scotland do not

avail themselves of the favourable opportunity of exhibiting their

handiworks alongside those of their English brethren : they need not

fear competition, either in workmanship or cost.

In the preparation of many of the drawings, we have to express our

obligations to Mr G. II. Slight, well known as an able draughtsman
;

to Mr C. E. Johnson, a risiug artist ; and to Mr J. Hunt.

In the elucidation of the principles of construction, we have neces-

sarily been confined to a mere outline or abstract. The reader desirous

of extending his knowledge, may consult with advantage the following

works :

—

t
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" Moseleys Engineering and Architecture," 2d eA : Longmans, 24s. " On
the Application of Cast and Wrought Iron to Building Purposes," by William

Fairbairn ; 2d ed. : Wealc, 1 2s. " Useful Information for Engineers," byWilliam

Fairbairn, 1 Os. 6d. '* Water Wheels and Buckets," by William Fairbairn,

7s. 6& " Report of the Commissioners appointed to inquire into the Applica-

tion of Iron to Railway Structures," 30s. " Report on the Fall of a Cotton

Mill at Oldham " (Mr Fairbairn and Mr Hodgkinsons evidence particularly),

lis. 6d Articles Iron and Carpentry, in the " Encyclopaedia Britannica."
" Encyclopaedia of Civil Engineering," by Edward Cresy : Longmans, new
edition, 63s. " Tredgold s Carpentry," 42s. " The Builder's Practical Direc-

tory :
" Ainsworth, Manchester, 47s. "The Practical Draughtsman's Book of

Industrial Design, being a complete Course of Mechanical Engineering and
Architectural Drawing," by Wm Johnson : Longmans, 26s. " Weale's Engi-

neer's Pocket-Book," 6s. " Adcock's Engineers Pocket-Book:" Simpkin, Mar-
shall, & Co., 6s. "Templeton's Millwright's and Engineer's Companion." " Tem-
pleton's Workshop Companion." " Bourne on the Steam-engine:" Longmans,

27s. " Bourne's Catechism on the Steam-engine :
" Longmans, 6s. " The

Working of the Steam-engine explained by the Indicator," by J. Hopkinson,

7s. 6d. "The Steam-engine," 2s., and "Practical Mechanics," Is. 6d., by J.

Imray : both of these form part of the " Circle of the Sciences," published by
Houlston & Wright. Eight volumes of the Rudimentary Series, published by
Weale of London : 1. " Steam Boilers," by G. Armstrong, Is. ; 2. " The Power of

Water," byT. Glynn, F.R.S., Is.; 3. "Steam-engine," by DrLardner.ls.; 4."Art

of Constructing Cranes," by T. Glynn, F.RS., Is. ; 5. "Tubular and Girder

Bridges," Is. ; 6. " Mechanics, and Practical Construction of Machines," by J.

Baker, 2s. ;
7. " Foundations and Concrete Works," by E. Dobson, 1 s. ;

8. " Limes,

Cements, and Mortars," 1 s. " The Modern Practice of Boiler Engineering," by
Robert Armstrong, C.E., revised by John Bourne, C.E. : London, Spon & Co.,

Bucklersbury, 2s. " Three Reports on the Use of Steam-Coals of the Hartley

District, Northumberland," by W. G. Armstrong, C.E., J. A Longridge, C.E.,

and Dr Richardson : London, Weale
;
Newcastle, A Reid, 1 s. The last of these

works contains, in small space, a variety of practically useful hints and sugges-

tions on the management of boiler-furnaces, and the consumption or preven-

tion of smoke therein. An analysis also will be found in it of the Government
Report on Fuel by Dr Playfair, to which we have referred in the text

To the reader desirous of following out to a fuller extent the eluci-

dation of the principles of the subjects of which they treat, we have

every confidence in recommending the above works, as abounding in

matter of high value, both theoretical and practical. To several of

these, in the preparation of the text, the Authors have been under

special obligations.

HENRY STEPHENS.

Rkdbrax Cottage, Edinburgh,

15th July 1853.
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THE BOOK
OF

FARM IMPLEMENTS AND MACHINES.

BOOK FIRST.—PRINCIPLES.

DISSERTATIONS ELUCIDATING THE SCIENTIFIC PRINCIPLES WHICH REGULATE

THE CHOICE OF MATERIALS AND CONSTRUCTION OF THE MACHINES AND
IMPLEMENTS, AND THE STRUCTURES CONNECTED WITH THEM, ON THE FARM.

1. To the farmer who is to use, ami to tho mechanic who is to construct,

the varied machines, implements, and structures required in the processes of

modern husbandry, the importance of a knowledge of the principles which
regulate the construction and arrangement of their component parts cannot bo

over-estimated. We are not forgetful of tho fact, that many who pride them-
selves on being practical men, view with considerable distrust tho advances of

theory, and hold that greater progress has been made by practico in the field

or the workshop than by all the indications of theory.

2. That this knowledge, however, of mechanical principles has a high peeu-

niary value to the farmer and mechanic, we hope will bo made clear by the

following considerations.

3. In many instances, cumbrous strength is given to parts which a know-
ledge of the strains to which they were subjected, and the pressure which thoy

were calculated to bear, would have at once shown to have been unnecessary.

Take, for instance, the arrangement of a piece of framework—as a roof, or a gate,

or the framing of a machine. A workman ignorant of tho strains or pressures

to which the materials he employs is subject, and of the methods by which tho

direction and amount of these strains or pressures aro ascertained, uses a heavy
]»rt to perform an office which a much lighter one would have effected.

4. Again, a mechanic desirous to make a beam or shaft to do double the

work, or to sustain twice tho pressure, of a given pattern or model, would
naturally double the dimensions, unaware of the fact that ho would thus ob-

tain a much greater strength than he anticipated. A knowledge of the law

that the transverse strength of square beams of equal length is as the culie of

A
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2 INTRODUCTORY OBSERVATIONS.

their depth ; ofrectangular beams, as the square of their depth, multiplied by their

breadth, and divided by their length ; and of round beams, as the cube of their

diameter, would havo enabled liiin to have avoided this mistake.

5. Again, a workman ignorant of the increase of area with increase of dia-

meter, in desiring to mako a pipe to convey twice as much water as another

given pipe, would bo apt to make the new pipe twice the diameter of the given

one, finding, as a somewhat unexpected result, that the area of the pipe would

be four times that of the model, instead of twice, as anticipated.

6. We see exemplifications of this ignorance of mechanical principles every

day around us, and this in connection with even the simplest parts of imple-

ments. Thus, the handles of a hay-fork and of a turnip-hoe will be mado
exactly of the Bame form, although the strain to which the two implements are

subjected is differently situated. Again, we find that instruments of the Bame

class have differently formed handles—one specimen tapering from the working

part outwards, another with its taper the reverse of this. Both cannot be right

;

and a brief consideration of the strain to which the instrument is subjected,

would at once show the part wliich required to be made strongest, and that

which had to be mado lightest.

7. The same remark applies to beams or parts of implements which have

Fig. i, to sustain cross-pressures. A mechanic uninitiated in

i the principles which denote the best form of beams
r —

1 under such circumstances, would naturally make a beam

I |

of the same size throughout, as a, fig. 1 ; while a know-

I ledge of them would enable him to obtain a much
[-

|
lighter, and, at the same time, an equally strong beam,

».ou, a™, «MW roHK o. »y giving it a certain amount of taper— proceeding

from the centre to the extremities, as in the case of

tho rungs or rounds of ladders 6, and of swing-trees or whipple-trces c, or as

in the teeth of hay-rakes.

8. Even in the construction of so simple an instrument as the flaU, the im-

portance of a knowledge of mechanical principles, and of the habit of investigating

the eject of any proposed form or arrangement of parts, is exemplified. In

ng<JL
forming this instrument, a very general practice prevails,

b which is to have the beater club-shaped, or thickest at
' the extremity, as at a in fig. 2, intended, no doubt, to

give better effect to the blows. If we trace, however, the

effects of this arrangement, we see that the additional

iMiiiw^roMiof weight is not only unnecessary, but lessens the general

effect of the instrument. When every poiut in the length

of the beater strikes tho floor with an equal amount of momentum or force,

the greatest amount of useful effect will be obtained. In a beater of uni-

form sliape, there will bo a constant tendency to a larger amount of momen-
tum at tho outer point or extremity—arising from its greater velocity during

the gyration of tho instrument as compared with the other parts of its length.

Now if tho extremity be made heavier, this tendency will be augmented, the

greater velocity being increased by the greater weight—an undue preponder-

ance will therefore bo given to the end of the beater, thereby lessening the

general effect upon the work under performance. These considerations point

to the flail with the outer extremity of its beater thinner than the other parts

of it, as being the form more consonant with the laws of dynamics, as b, fig. 2.

9. Again, an ignorance of the effects induced by tho mere chauge of position

in a beam or piece of timber, leads often to unexpected results, and to a great
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STRENGTH OF BEAMS.

Fig. &

Fig. 4.

waste of material. Thus a knowledge of the law that, in fixed beams of equal

length and same material, the strength increases directly as their breadth or

thickness, a b, fig. 3, and as the square of their width or

depth, a c, fig. 4, will at once show to the mechanic that

a beam is much stronger if laid on its edge than if flat.

Thus, if a beam of any given length, and 4 inches square,

will carry 10 cwt., another beam of the same materials

and length, 4 inches broad, a b, fig. 4, and 8 inches, a c,

deep, will have an increase of strength in the propor-

tion of 4* to 8", or 16 to 64, being four times stronger

than the first, or capable of bearing 40 cwt. But suppos-

ing the thickness or breadth, a A, fig. 4, of the beam to have
been doubled toad, while its width or depth, d e, remained

d
the same, the strength would only be doubled. From
this will be seen the utility of making beams to support t

a cross resistance narrow and deep, as in the case of a

joist, and also the reason for applying the strain to a
whipple or swing-tree in the direction of its breadth, or

edge-on ; and moreover, how great a waste of material

would be incurred, without corresponding advantages, by increasing all the

dimensions of those parts.

10. Take again the use of cast-iron beams with flanges as used in buildings

and in the framing of machines. Few comparatively of nt.i.

our mechanics are acquainted with the fact, that if the «

broad flange, a, fig. 5, is placed upwards, it will break "v"

with a weight a little more than one-third of that which
it will sustain when placed with the flange downwards, '

—

d
—

as d\ Still fewer are acquainted with the fact, that the .Tr,_n<3 i.t *np w.»««t «>»»-

strength of a beam, as c d, is nearly a proportional of one TIUM c ' ti« , -,Kce*

section of the bottom rib or flange, d—that is, that a flange of double the size

will give nearly double the strength.

11. It will be of some utility to extend such considerations as those, afford-

ing, as we trust they will, suggestions of practical utility. "Of all simple

geometrical figures," says Dr Moseley, " the triangle is the only one which
cannot alter its form without at the same time altering the dimensions

of its sides, and which cannot therefore yield, except by separating at

its angles, or tearing its sides asunder. Hence, therefore, a triangle whose
joints cannot separate, and whoso sides are of sufficient strength, is perfectly

rigid. And this can be asserted of no other plane figure whatever. Thus a

parallelogram may have sides of infinite strength, and no force may be sufficient

to tear its joints asunder, and yet it may be made to alter its form by the action

of the slightest force impressed upon it. And this is true, in greater or less

degree, of all other four-sided figures and polygons." But the practical utility

of these deductions may yet be obscure to the thoroughly practical man. " It

is for these reasons," continues the author we have quoted, "that, in all framing,

care is taken to combine all the parte as far as possible in triangles, which, being

once done, we know that the rigidity of the system may be insured by giving

the requisite strength to the timbers and joints."*

12. This practical deduction from the mathematical enunciation just given is of

the highest importance in mechanical construction. Let us exemplify it in

connection with field-gates—a part of our agricultural economy—than which

* Moseley's Mechanic* applied to the Arts, p. 1S2.

T
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none points out so broadly the ignoranco of our artisans in those important

branches of their education—the elementary truths of geo-

b metry and mechanics. A field-gate may be described as a

rectangular frame, abed, fig. 6. No matter what may be the

strength of its parts or the extent of its upfillings, e e, e <*,

if they are placed at right angles to each other ; it is, as

wo havo shown, a very weak form, and liable to change

with comparatively slight pressure; but a gate in the form

of a triangle would, if the joints and the materials were

strong enough, be perfectly immutable. This, however, would be an unservice-

able shape; how, then, can the principle of the triangle be applied? Simply thus

—if we take a rectangular frame, abed, fig. 6, so essential to a field-gate, and
apply a bar in tho position of the diagonal of the parallelogram b d, we imme-
diately convert the original rectangular figure into two triangles, applied to

each other by their hypotheneuso, and which give us the truo elements of a
properly constructed gate, all the other parts being subordinate to these, and
adapted solely to the practical purposes of the gate as a defence, or for orna-

ment.

13. Nor is the proposition of less importance in the minor constructions of tho

farm ; even in such a simple matter as forming a firm connection between the head
and tho handle of a hay-rake, for its great utility is observable. As many are

aware, the simplest method adopted for this purpose is to insert tho extremity of

tho shaft or helve in

the centre of the head
by a simple tenon,

as at a, fig 7. Little

consideration is re-

qtiired to show the

weakness of this plan.

To overcome its de-

fects, the extremity of
the shaft is sometimes split up for a considerable distance, and tho two
parts extended, and tenoned into mortices on each side of tho central point

of tho head, as c. This is a letter arrangement than tho first named, but
still defectivo from tho concave curve assumed by the forked extremities of
the helve. Some mechanics adopt tho converse of this plan, and pass a
convex or semicircular bow of wood through a slot made near the extremity

of the helve, and fasten the extremities of the bow in the head of the rake,

as at b. This arrangement is even worse than the last one described, inasmuch as
the curv ed bow—weak from its very form—passing through a hole in the shaft

weakens this part considerably. The arrangement is slightly modified by other

mechanics, who make the bow of iron and nail it to the outside of the shaft.

This is better in degree, but still defective in principle. A mechanic, however,
acquainted with the principle of stability we have already pointed out, would
know at onco that the best method to secure a firm connection between the
helve and the head of a hay-rake would lx» by fixing two pieces of perfectly

straight light iron rod at one end to the sides of the helve by screw-nails, and
at tho other by the same means to the head of the rake, at a point equidistant

from its centre, as at d. This part is called the stay or brace, and in the last-

descrilH'd form is as perfect as the case will admit of.

14. To have said so much of two such simple matters as the construction of a
field-gate and a hay-rake may appear trifling, but we have done so in order to

»*"1-tt mu!'!i.« or r-.xwicr!M(i
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point out the importance of the principle on which depends the strengthening

and supporting of the parts of any form of framework, whether of wood or iron,

by the aid of diagonal stays or braces. This single member in all construc-

tions is of such importance, that no opportunity should be lost in impressing the

principle on the mind of all whose business or interest lies in those departments

of mechanics where its application is required. It is no exaggeration to affirm

that the knowledge of tins principle alone would have effected a large saving of

material in many extensive farms. It is somewhat curious to trace in many of

the works of agricultural mechanics tho incipient knowledge of the usefulness

of this principle of stability in the attempts to avail themselves of tho diagonal

bar. In these we see it applied—with that uncertainty of purpose marking a

doubtful and hesitating knowledgo of the subject—in all possible positions save

the true one, namely—extending from an angle to its opposite.

15. While on this subject it may bo useful to point out a common error in the

application of Btaya, as exemplified in the curved bow in the hay-rake b
y
fig. 7,

just described. All deviations from the straight bine weaken tho part so applied,

and all extra material necessitated by the use of curves, fi* a.

does not, as supposed by some, strengthen tho parts, p=
bo used, by adding to tho weight, but, on the contrary,

jj
<3U

weakens it. If ornament is used, it should bo added G]J

to the diagonal brace or stay, which should always bo in
riwi ^ o THre r>

a straight line, as in the right of fig. 8. *u on*J!

16. Wo have already adverted to tho importance of a knowledgo of the strains

to which different constructive materials are subjected, and tho pressures which
they are calculated to bear. One wedded to tho practical notion would be apt

to conceive that little utility would arise from the elaborate and minutely tabu-

lated experiments winch theorists and purely scientific men have instituted, in

order to ascertain these strains and pressures. But irrespective of other advan-

tages, which we shall notice hereafter, tho axiom of universal application in

mechanical construction, " tie with iron and strut with wood," wliich has been
deduced from them, would have given these experiments a high pecuniary value

to tho practical man. An ignorance on his part of tins axiom has frequently

resulted, as we have already said, in a great waste of material, by using heavy
and costly parts, which lighter and cheaper would have effected.

17. Let us here investigate this matter briefly, as exemplified in the construc-

tion of a gate. In field-gates constructed entirely of wood, the diagonal should

invariably be applied as a strut ; that is to say, it should rise from the foot of

tho heel-post, and terminate at the top of the head-post. Placed in tins posi-

tion, tho diagonal supports tho head or swinging end of the gate, by its resist-

ance to compression—a duty which, from the area of its cross section being con-

siderable, and hence capable of resisting lateral flexure, it is well adapted to

perform
;
while, at the same time, the above sectional property gives it a broad

terminal resistance, whore it abuts upon tho angles of the external frame. Tho
same diagonal bar, if applied in the opposite position, and performing the duty

of a tie or stay, its great sectional area wotdd avail but little
;
for, though woody

fibre is capable of resisting very considerable tension—larch-wood having, with

equal sectional areas, a power of resistance to tension to about \ that of malle-

able iron of medium quality—and though this wooden tie might be found to

possess, in its aggregate section, a cohesive force greatly beyond that of an iron

bar applied in the samo position—for the wooden bar would have a sectional

area at least twelve times greater than coidd bo requisite for an iron tie, thus

yielding an aggregate force double of the iron—yet as tho wooden tie must
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c INTRODUCTORY OBSERVATIONS.

depend for its connection in the structure upon nails or bolts only, its ultimate

power of resistance to tension depends not on its own sectional area, but

on that of the nails or bolts by which it is fastened, and these, again, may
be very greatly reduced by the rending of the extremities of the wooden tie.

18. The advantages of iron as a tie, and its disadvantages as a strut, are just

the converse of the foregoing. From the smallness of sectional area requisite

in an iron bar applied in this construction, as compared with its length, it ia

not capable of withstanding compression even to the smallest extent without

sufforing lateral flexure, and this defect unfits it entirely for the purpose of a
strut. Applied as a tie, the iron bar is perfect; tho cohesion is such, that

a very small sectional area is sufficient for the purpose under consideration:

thus, a rod of £-inch square, even of inferior iron, will bear a tension with

safety, of two or three tons, while the best quality will bear six tons ; a rod of

half this sectional area may, therefore, be held as sufficient for the diagonal tie

of a gate, and as it can be fixed by bolts without risk of fracturing its ends, as

in the case of wood, its application in principle becomes as perfect as it is pos-

sible to approach. But though this construction is in principle completely

supported by the tie from any force tending to depress the head-post of the gate,

there is yet a defect in practice ; for a gate is liable, from various causes, to be

forced upward at the head-post. Wo have seen that a slender and flexible iron

rod cannot resist compression without flexure, and, therefore, a gate with only

one iron diagonal tie will still be practically imperfect, and it becomes necessary

to apply an antagonist, placed in the position of a strut, but virtually performing

tho duties of a tie, arising from the antagonistic effects of the two, the tendency

of the one being to hold the head of the gate up, while the other exerts an
equal force to keep it down, whereby a perfect equilibrium is preserved within

the structure.

19. It is clear, however, that valuable as tliis mechanical maxim is
—" tie with

iron and strut with wood"—something more must be known by the practical man
before he can avail himself of it. For however obvious in some constructions

tho parts are which act as ties, and those which act as struts, on the other hand
there are some constructions in which an inexperienced mechanic would have
some difficulty to distinguish the one from tho other.

20. Hence arises the utility of a knowledge of the mechanical principles of

Carpentry or Framework, and which further enables the direction and amount of

pressure exercised upon tho various parts of a framework to be ascertained.

The direction of the pressure pointing out to him the parts which will have to

sustain the pressure, and the amount giving him an idea as to the size of the

part required to sustain tho weight or pressure laid upon it.

21. Useful as are the principles of the Mechanics of Statics, or those which
regulate the construction of parts requiring stability, no less useful are those of
the Mechanics of Dynamics, which regulate the construction and operation of
those parts of machines and implements which have motion.

22. Take, for example, the construction of shafts or axles with journals. To
a workman ignorant of the laws of friction—or at least of tho results of weU-
arranged experiments in connection with them—for of friction, its real nature, wo
know but little—it would seem a light matter whether the rubbing surfaces

were smooth or rough, or whether the journals revolved in metal or material of

the same nature—that is, iron upon iron, wrought-iron upon wrought-iron, or

cast-iron upon cast-iron. On tho other hand, the workman acquainted with

these experiments would know that the most refined mode of finishing tho

surface of the bearings, the most accurate circular form which can be obtained
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UNION OF THEORY WITH PRACTICE. 7

by taming, and the use of bearings of a different material from that of the shaft,

were the best adapted to destroy friction.

23. Again, although the fact is very widely known that the interposition of

a lubricating substance between rubbing surfaces tends to reduce the friction,

little may be known of the different effects of different substances, and how
friction is increased by one unguent, while it is lessened by another.

24. By attention to these points, and to the proper construction of the bushes

or bearings, not only may a saving of lubricating substance* be effected in a
short time, sufficient to repay the additional cost of the improved fittings, but

the working capability of a machine may be considerably increased.

25. In the construction and arrangement of other parts of macliinos—as in the

use of fly-wheels ; the determination of the best form to give to the teeth of

wheels to insure freedom and uniformity of motion and to avoid all unnecessary

shocks and strains ; to determine the dimensions of the various parts—avoiding

undue strength, which will only add to the power erpended on the one hand, and
give undue weakness on the other, so aa the strength of all the parts may be

in a proper ratio to the strains to which they are subjected—the utility of correct

indications of theory will be as obvious, as wo trust wo have already shown them
to be, in connection with the other departments of mechanics noticed.

26. It would be an easy matter here to extend our remarks illustrative of tho

loss of material and consequent loss of labour incurred by a neglect or ignorance

of correct mechanical principles, but such extension we do not deem necessary.

It must be obvious, we think, that want of attention to these mechanical prin-

ciples must add to the original cost of a machine or implement, by unneces-

sarily increasing its weight, or tho number of its component parts, and, in

addition, be a source of perpetual loss so long as it is employed, by tho extra

labour incurred in using it. The propriety of preceding our chapters de-

scriptive of the Implements and Maclunes of the Farm with Dissertations

elucidating the mechanical principles of construction, and deducing from them
rules and practical information, will, we trust, be now deemed obvious.

27. To the mechanic the utility of such knowledge cannot for a moment be

doubted ; but in some minds there may be some hesitancy as to their utility to

the farmer. A brief consideration will, we think, suffice to show, however, that

a combination of the knowledge of the operation or duty required of a machine,

with that of the mechanical principles involved in its arrangement, and of the

best method to be followed in the construction of its parts, will be well calculated

to aid even the farmer.

28. First, in leading him to see the pecuniary advantages attendant upon secur-

ing the services of mechanics whose education qualifies them to perform those

duties in accordance with the laws of mechanical science ;
second, in superin-

tending those workmen in the construction of new, or the repairing of old, imple-

ments and machines
;

third, in impressing him with the importance of keeping

his machines clean and in good repair; fourth, in avoiding all unnecessary

shocks and strains arising from defective parts, and the loss of power consequent

upon the presence of extraneous matters in the moving parts
;
and, lastly, to

enable him, in purchasing, to distinguish the machine or implement false in

mechanical principle, or defective in construction, from the true and the efficient,

so as to convince him that complex arrangements do not necessarily give more
accurate work than those of a simpler kind, or that heavy cumbrous materials

do not always insure strength.

29. On the importance of a union of theory and practice, a gifted author

remarks : " It is a great but a prevalent mistake to suppose, that the inventions
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8 INTRODUCTORY OBSERVATIONS.

which have of late so greatly augmented our physical happiness, have resulted

either from chance or tho speculations of men untaught in science. The very

reverse has been the case. There is scarcely a valuable mechanical discovery

of modern date, which is not in its nature essentially scientific, and dependent

upon principles either not generally known, or not to be acquired without con-

siderable research If it be urged that men, eminent for their

inventions, have at any rate advanced but little beyond mere principle,

it may be answered, that it was because those applications of science

to the arts, which constitute their inventions, were to be found even in

its principles and on its threshold, not because there were not other

and even more valuable applications }>eyond it Science in

all its departments is rich in knowledge applicable to tho wants of society.

It is when practical men add to their experience sound views in theory that it

is made to contribute its resources to tho public welfare. This is, however, an
exceedingly rare union. The arts in consequence are vastly behind philosophy.

Tho practical man imagines unreal difficulties in tho attainment of scientific

knowledge, and consoles himself by underrating the advantages which science

has to offer him. Tho man of science, wrapt up in the pride of abstract reason-

ing, will not trouble himself to encounter practical difficulties. His vocation is

to discover ; to smooth the paths, and to extend tho domains, of knowledge j it

belongs to the other to follow in his steps, and apply it."

30. To these remarks maybe added the equally suggestive ones ofMr William

Fairbairn of Manchester, one of the most gifted of our mechanicians :
" It is

absurd to talk against theory, as if a knowledge of the exact sciences was a

dangerous and a useless attainment
;
notlurig can be more erroneous than this

impression, as, on close inspection, there is no practice without theory, any
more than there is no effect without a cause. In the useful arts, theory can
only be considered dangerous when it is not reducible to practice; and the real

meaning of the term theory, which creates so much alarm in the minds of prac-

tical men, is neither more nor less than a series of definite rules by which prac-

tice is governed, and tlirough which wo derive, from fixed and definite laws,

those sound and healthy results which, of all others, it is tho primary object of

practice to accomplish. In the mechanical arts, how difficult, precarious, and
unsatisfactory are the thoughts of men unacquainted with first principles ; and
how very often does that deficiency lead them into mal-construction, and those

errors wliieh a knowledge of science would teach them to avoid A
knowledge of tho exact sciences must be valuable under every circumstance of

life, and this knowledge alone united to sound judgment, is irrevocably the fore-

runner of a sound and perfect construction. I could multiply examples where
ignorance—as a pretender to knowledge—has been productive ofthe most unto-

ward results, not only in abortive attempts at construction, but in those on which
tho lives and property of individuals depend. It is not an uncommon occurrence

to witness in works of this kind, the most glaring imperfections, a waste of mate-
rial, and a total want of proportion, arising from tho absence of this knowledge

;

and in order to lessen tho number of these discrepancies, our practical men
should be educated, and that education should be accompanied with tho convic-

tion, that sound practice can never be attained without some definite rule for its

guidance."

31. To aid the country mechanic, as well as other mechanicians and the

farmer somewhat in applying sound principles to the practice of construction,

and to point out to them the direction of their studies, should they aim at higher

• MosELEt's Mechanic* applied to tlie A rU. t Uttful Information for Engincen, p. 4.
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PROPOSED ARRANGEMENT OF THIS WORK. 9

excellence in their calling, wo shall now give the Dissertations to which we
have already alluded, containing established laws and facts, and which we have

arranged in the following order, as one affording a succinct and lucid view of

their contents,

—

32. Division First.—Materials employed in Construction.

33. Section First.—Stones—Granite, trap, sandstones, limestones, and brick.

34. Section Second.—Timber—Oak, ash, pines—their toughness or resistance

to transverse fracture—their cohesive strength—their coinpressile strength

—

their treatment.

35. Section Third.—Metals—Iron, cast-iron—its properties, and different quali-

ties of cast-iron; wrought-iron—its properties; copper, brass, lead, and zinc

—their properties and use in construction.

36. Division Second.—Principles of Construction.

37. Section First.—Strength of Materials—Strains to which materials are sub-

jected ; how to estimate them ; form of strongest section of beams.

38. Section Second.—Framing and Carpentry—Rules to ascertain the direction

and amount of the pressure exercised upon the parts of framework.

39. Division Tuird.—Practice op Construction.

40. Section First.—Foundations.

41. Section Second.—Masonry—Brickwork—Footings, tooling, stone-and-brick

setting ; arches.

42. Section Third.—Timber-framing—Gates
;
working «nd joining of timbers

;

rules to calculate the dimensions of parts of timber-framing.

43. Section Fourth.—Iron-framing—Gates; methods of securing and con-

necting the different parts of iron-framing ; rules to calculate dimensions of

different parts of iron-framing.

44. Section Fifth.—Machine Construction—Shafts, bearings, pidleys, teeth of

wheels, eccentrics, connecting-rods
;

fittings ; rules to calculate the various

parts of machines.

45 Division Focrtii.—Friction and Force.

46. Section First.—Friction.

47. Section Second.—Force—Useful effects of machines ; measure of moving
power

;
application of labour ; friction-brake

;
dynamometer.

DIVISION FIRST.—MATERIALS EMPLOYED IN CONSTRUCTION.

48. Section First—Stones, Brick, Tiles.—Stones useful for the building pur-

poses of the farm may be divided into three great classes—namely, the Silicious,

the Calcareous, and the Argillaceous. The silicious are represented by the

granites, traps, and sandstones ; the calcareous are comprised in the lime-

stones ; the argillaceous, being peculiarly liable to atmospheric influences, are

by no means durable enough for building purposes, but, being slaty in their

structure, they are employed in the construction of roofs.

49. Granite.—This, in its several varieties, is the most durable of all the

building-stones. Its constituents are—quartz, which is nearly puro silica, and
forms the greater part of the rock

;
felspar, which imparts to granite its pecidi-

arities of character ; and mica, which occurs in sinning plates of greater or less

size. Tho best granites are obtained in Scotland
;
they are known as the red

and the grey varieties. They are more durable than the granites of the coun-

ties of Devon and Cornwall in England.
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10 MATERIALS EMPLOYED IN CONSTRUCTION.

50. The granular arrangement of felspar, hornblende, and quartz, known
as sienite or syenite, forms a species of granite, the hornblende appearing

instead of the mica, and is one of the most durable of the building-stones known.
The two substances, hornblende and mica, resemble each other closely in com-
position—hornblende having, however, a much greater proportion of the black

oxide of iron—syenite is as capable of being worked in large blocks as granite,

although, from its hardness, like common granite, it is not easily tooled. The
durability of this class of building-stones (the granites), in which felspar is

present, depends much on the composition of this ingredient. From the potash

contained in it, it is more or less obnoxious to atmospheric influences. Care,

therefore, should be taken to ascertain the composition of the stones of this

class, where largo and important works are to be carried on.

51. Trap or Greenstone is a very hard and durable stone; it is composed
of hornblende and felspar. Although a valuable building-stone, its uses are

restricted, from the small size and irregular form of the concretions in which it is

frequently found. It is also found in some localities in amorphous masses, when
it may bo raised in large masses. For cottages and rural structures, when
used in conjunction with white stone-facings or dressings to the windows,

doors, and corners, and with white mortar, it is well adapted, and presents a

pleasing appearance. Basalt, of the same composition as greenstone, but with

a large proportion of iron, is also a durable material as a building-stone ; but it

occurs in columnar masses and in still smaller concretions than greenstone, and,

being harder, is more difficult of being tooled.

52. Sandstones, belonging to the silicious class, are composed of grains derived

from the wearing down of the silicious rocks, and bound or cemented together

by natural cement of an argillaceous, silicious, or calcareous character. Sand-

stones present a wide range of character, from a state almost as durable as

granite, to that but little better than hardened clay. Where the silicious par-

ticles are held together chiefly by an argillaceous cement, they rapidly disinte-

grate under the influence of the weather.

53. Sandstones are easily worked, and divide readily into convenient blocks.

From tho ease with winch it is worked, indeed, some workmen term it
u free-

stone." The best sandstone is that obtained from Craigleith quarry, near Edin-

burgh ; it is in high repute. The grey-coloured sandstones of Forfarshire are

very durable. Tho Yorkshire sandstones are much esteemed for flagging, being
hard, and durable, and easily worked. A greenish sandstone, known as Kentish

rag, is very durable.

54. In choosing sandstone, preference should be given to that purely silicious

;

when argillaceous matter is present, tho atmosphere will affect its durability.

Although generally esteemed from its variegated appearance, sandstone with

coloured stripes should be avoided. These coloured parts, arising from the pre-

sence of iron, are speedily affected by water, and decay of the stone is

thereby hastened. When mica is present in minute quantity, it determines

more specifically the stratified character of sandstone, and the stone is then
easily worked in blocks.

55. Limestones.—This, tho last class of stones suitable for the buildings

of tho form we have here to notice, is an important one, and presents a largo

variety of kinds, characterised by as great diversities of composition as the sand-

stones. The principal constituent of stones of this class is lime. Limestones
are impure carbonates, the impurities present giving that diversity of appearance
which characterises many varieties, as marble. Any limestone susceptiblo of

a high polish is termed marble, and of this there are many varieties. The
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QUALITIES OF CERTAIN STONES. 11

oolite limestones, a new formation, afford the limestones chiefly used for

building purposes. Magnesian limestones afford some superior building mate*

rial. The mountain limestone forms a beautiful and durable building material.

56. In deteimining the qualities of building-stone, its cohesiveness, or resist-

ance to a crushing power, and its absorbent power, or that which represents its

capability to resist atmospherio influences, are the two points principally consi-

dered. In the report of the Royal Commissioners appointed to investigate the

qualities of the stone to be used for the Houses of Parliament, a valuable table

is given, which wo here append. Tliis affords information on the above two
points in connection with the most celebrated of the building-stones of the king-

dom. Iu another column the number of grains, disintegrated from each speci-

men, is given. The amount of disintegration was ascertained by subjecting all

the specimens simultaneously for eight days to Brard's process, which closely

resembles the action of the usual atmospherio influences on stone. The
absorbent column exhibits the bulk of water absorbed by specimens one cubic

inch in size, wliile the cohesive column exhibits the weight necessary to

crash two-inch cubes, or blocks of eight cubio inches. Of the two columns of

specific gravities, the first exhibits the ordinary specific gravity, the second

shows the specific gravity of the solid particles of which each specimen is com-

prised, on the supposition that the water will take the place of the air which

occupied the pores before the atmospheric pressure was removed.

CUaws and Name* of
Specific Grarttle*.

Absorbing
Power.

Dtainlepra Cnhealva
Power.

SANDSTONES.
Craigleith .

Darloy Dale.
2.232 2.646 0.143 0.6 28.083
2.628 2.993 0.121 0.121 25.300

Hcddon 2.229 2.643 0.156 10.1 14.168

Kenton . 2.247 2.625 0.143 7.9 17.710
Mansfield . . . 2.338 2.756 0.151 7.1 18.216

Pnrk Spring
Morloy Moor

2.321

2.053
2.615
2.687

0.112
0.221

5.0

0.9

27.071

10.879

ILiaxEsiAS Limestones.
Bolsover 2.316 2.833 0.182 1.5 29.601

H \iddlcstono . . 2.147 2.867 0.239 1.9 15.433
Roche Abbey 2.134 2.840 0.248 0.6 13.915
Park Nook . 2.13S 2.847 0.249 1.8 15.433
Oadeby 1.951 2.846 0.310 6.4 15.180
Jackfluw Crap . 2.070 2.634 0.209 3.1 16.951
Bramham Moor . 2.008 2.659 0.244 0.7 22.011

Oolites.
Ancaster 2.182 2.687 0.180 7.1 8.349
Bath Box . 1.839 2.675 0.312 10.0 5.313
Portland 2.145 2702 0.206 2.7 7.590
Ketton 2.045 2706 0.244 8.3 9.108

LoiESToyra.
Barnack 2.090 2.627 0.204 16.6 6.325
Chilmark . 2481 2.621 0.053 9.8 25.553
Ham Hill . 2.260 2.695 0.147 9.5 14.421

57. Brick.—If properly made, bricks arc little inferior in strength, hardness,

and durability, to the building-stones in ordinary use. When broken across,

their fracture should present a fine, compact, and uniform texture, of a brownish
colour. A whole brick, when struck, should give a clear ringing sound. In

Scotland considerable prejudice exists against the use of bricks, more especially

for domestic tstructures.
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12 MATERIALS EMPLOYED IN CONSTRUCTION.

58. Section Second— Timber.—All tlio varieties of Fir timber imported into

the country are employed in the construction of form-buildings, and those kinds

are most used in localities which are obtained from the nearest seaports. For

example, along the east coast of this country, Memel logs and Baltic battens

are used for all such purposes, while on the west coast no timber is to be

seen in the construction of farm-buildings but what is brought from America.

(1.) Norway and St Petersburg battens, being cut to proper lengths and

breadths, form cheap and very durable timber for all farm purposes. The price

is, for red from 3d. to 3£d., for white from 2§d. to 3d. tho lineal foot. The
Norway battens are a shado cheaper. Tho rod or white-wood battens make
excellent floors, and plain deal doors for inside use. Such flooring is beauti-

fully dressed by planing machinery at Mr Burstall's mills at Leith. (2.) Memel
logs are admirably fitted for joisting, windows, outside doors, and all outside

work, it being composed of strong and durable fibre, surrounded with resinous

matter. It sells for from 2s. 4d. to 2s. 6d. the cubic foot. The greatest objec-

tion to its use for small purposes is its knottiness, on which account the Norway
battens make handier small scantlings and cleaner door-work. (3.) The Ame-
rican red-pine is excellent timber, being clean, reedy, and resinous. It is

seldom or never of so large dimensions as Memel log. It fetches from 2s. to

2s. 2d. tho cubic foot. It is fitted for beams, joists, scantlings, windows, and
outside doors. (4.) American yellow-pine is well suited to all inside work,

and especially that which requires the highest finish, such as bound-doors,

window-fittings, and mantelpieces. There is no wood that receives paint so

well. Tho logs are generally of immense sizes, affording great economy of

timber in cutting them up. Its price is, for small sizes Is. 8d., and for large

2s. 3d., the cubic foot. (5.) Swedish 11 -inch plank is good and useful timber,

but its scantlings aro not very suitable for farm-buildings. Stout joists for

granaries are made of it, with a $ draught taken off the side for sarking. It

forms excellent planking for wheeling upon, and for gangways. It sells, the

white wood for from 5d. to 6d., and the red from 6d. to 7d., the lineal foot,

59. In the interior of the country, at a distance from seaports, home timber is

much uBed in farm-buildings. Larch forms good scantlings and joists, and is

a durable timber for rough work, and so does well-grown Scots fir of good age,

and cut down in the proper season ; but in its ordinary state its durability is

not equal to larch or generally any good foreign timber for rough purposes.*

60. All the timber referred to is derived from tho trees belonging to the

natural order of Coniferce, or cone-bearing trees. (1.) The Scots fir, Pinus

sylvestris, is a well-known tree in the forests of this country, and few new plan-

tations aro made without its aid, as a nurso for hardwood trees. In favourable

situations it grows to a largo size, as is evidenced in the Memel log, which
is just the produce of tho Scots fir from the forests of Lithuania. Aged Scots

fir cut down at Ardovie, in Forfarshire, was of as good quality and useful sizes

as the best Memel. (2.) The Swedish plank is of the spruce, Abies excelsa

or communis, a tree which, as it is treated in this country, comes to little value,

being rough and full of knots. Inspection of a cargo from Sweden, which
arrived at Hull in 1808, convinced Mr Pontey that the white deal, which fetched

at that time from £14 to £15, 10s. tho load of 50 cubic feet, was of common
spruce, the planks having been recently sawn, and a small branch left attached

* In vol. ix. p. 165, of the Trantartiont of the Jfiffkland and Agricultural Society, will bo
found a long account of the larch plantations of Atholl, drawn up from the papers of tho
late Duke of Atholl ; and in voL xiL p. 122, of tho same work, is an account of the native pine
forests of the north of Scotland, by Mr John Qrigor, Forros.
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to one of them.* (3.) Whether the Norway pine is the same species as

the pine found in some of the forests of the north of Scotland, wo do not

know. Some writers speak of the Norway batten as of the Norway spruce,

called by them Pinus Abies. It may be that the white-wood battens are derived

from that tree ; but the rod-wood kind has very probably the same origin as

the red-wood of the north of Scotland, wliich is from a variety of tlio Pinus

tylvestris, or horizontalis of Don.-{- (4.) The red pine of Canada is the Pinus

resinosa. (5.) And the yellow pine is the Pinus variabilis or Pinus mitt's of

Micliaux, wliich towers in lofty height far above its compeers. It grows to the

gigantic height of 150 feet, and must require great labour to square it to

the sizes foimd in the British market, largo as these sizes unquestionably

are. 6. The larch, Larix Europaa, is a native of the ravines of the Alps of the

Tyrol and Switzerland, where it shoots up, as straight as a rush, to a great

height.

61. For agricultural implements two kinds of wood are principally used—oak

and ash; oak chiefly in England, ash in Scotland, possibly from ash being

cheaper in Scotland than oak. Experiments go to prove the superiority of

ash for purposes where sudden shocks and severe strains are given to the

implements.

62. Oak.—The common English oak, Quercus robur, is deemed the best for

construction. The grain is straight and fine, and well adapted for purposes

where stiffness is required. It splits easily into laths. Tho Sessile oak is

considered, from its elasticity and toughness, best for ship-building purposes,

but it is somewhat liable to warp and split. It is not so fine-grained as the

Robur oak, and is darker in colour. These English oaks take a long period
' to come to maturity—nearly 100 years. Tho American oak is of more rapid

growth than the English, but is not so durable. Tho red Canadian oak is

deemed of little constructive value.

63. Oak is adapted to a vast variety of purposes, and when kept in a dry

situation it may be termed practically imperishable. Even in situations of

alternate wetness and dryness, it is more durable than other wood used for

construction. The colour of the best quality is a light brown ; when it

approaches to red, the quality is not so valuable. The heaviest wood is

always the strongest, and that grown on heavy soil more valuable than that

on light.

64. Ash.—A hard wood, of compact texture and brownish colour, easily

worked when young, but tough and hard when seasoned. Its durability is

great when kept dry, but alternations of wetness and dryness cause it to decay.

Notwithstanding this defect, it is greatly used for purposes where it is sub-

jected to severe strains and shocks, from its superiority in toughness and
elasticity.

65. If wo examine the transverse section of tho trunk of a full- grown
tree, we will find it divided into three parts—tho heart, wliich is the centre

part ; the sap-wood, which surrounds the heart ; and tho bark, which forms the

outer covering. Of these the heart is the valuable part for constructive pur-

poses, the sap-wood having little strength, and being very liable to decay from

the amount of fermenting matter contained in it.

66. The tree should not be felled till it has attained its maturity; if cut

* Pojctet'8 Profitable Planter, p. 41, 4th edition, 1814; and at p. 56 he relates an anecdote of

a perron who, though long accustomed to attond on Bawyera, was deceived by some Scots fir,

which he considered excellent foreign plank.

t See Quarterly Journal of Agriculture, vol. xi. p. 530.
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before, the timber will not be bo strong ; if cut after decay has set in, it will

be less durable and strong than when cut as above mentioned. The commence-
ment of the decline of a tree is indicated by the decay of the top and the

topmost branches. There are differences of opinion as to the period of the year

when timber should be felled—this having reference to the time when the

sap is not in circulation. If the tree should be felled while this circulates, the

decay of the tree will be hastened from the highly fermentable nature of the

sap. The winter months, and the month of July, are considered the best for

felling, as the sap is then believed to be dormant. The researches, however,

of M. Boucherie, a gentleman who has devoted much time to investigating the

properties of timber, point to midsummer and autumn as the time when the sap

is least active.

67. Seasoning of Timber.—It is impossible to over-estimate the importance of

this part of tho duties of the machine and implement maker. Unseasoned tim-

ber, from shrinking and warping, may cause material injury to important struc-

tures and implements. There are a variety of methods now introduced to effect

this important purpose. We shall notice three of these : (1.) Natural season-

ing
; (2.) Water seasoning

; (3.) Hot-air desiccation.

68. Natural Seasoning.—On felling, tho bark and small branches are to be
removed, and the timber as soon as possible cut into balks of convenient size of

scantling. These are to be removed at once, and piled under drying sheds,

where they are subjected to the freo circulation of the air, yet protected from the

direct action of the sun, wind, and rain. The great object to be attained is

uniform drying of the whole timber ; all partial and unequal drying only causes

warping and shrinking. No timber should be used for constructive purposes

until it has been subjected at least two years to this seasoning process. For the

usual purposes of the carpenter, timber is considered sufficiently seasoned when
it loses about one-fifth of its weight when green.

69. Water Seasoning.—This consists in placing the timber in water, with a
view to use the latter as a medium to carry off the soluble matter, which is the

principal cause of decay. Although much recommended by some, it is consi-

dered by good authorities of doubtful utility.

70. Hot-air Desiccation.—The best process, and one which has proved itself

thoroughly successful, is that introduced by Messrs Davison and Symington.
The following is a brief description of it : The timber to be dried is placed in

proper positions in a close chamber, into which is forced, by means of fanners,

a powerful current of highly heated air. This air is heated by passing through

a series of pipes, which are arched over, and form the upper part of the furnace.

Some idea may be formed of the complete nature of the process, when wo men-
tion that a violin, which had been in use for many years, and was considered

thoroughly dry, lost a considerable per-centage of its weight when subjected to

the action of tho currents of heated air. The same result was obtained in sub-

jecting a piece of wood, wliich had lain for a great number of years exactly over

a smith's forgo, which had been in constant use.

71. In regard to the composition of wood, and its chemical properties, " It is

considered by chemists that dry timber consists, on an average, of 96 parts of

fibrous and 4 of soluble matter in 100, but that their proportions vary somewhat
with the seasons, the soils, and the plant. All kinds ofwood sink in water when
placed in a basin of it under the exhausted receiver of an air-pump, showing
their specific gravity to be greater than 1.000," and varying from 1.46 (pine) to

1.53 (oak) " Wood becomes snow-white when oxposed to the action

of chlorine
;
digested with sulphuric acid it is transformed first into gum, and,
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by ebullition with water, afterwards into grape sugar. •
. . . . Authenreith

stated, some years ago, that he found that fine sawdust, mixed with a sufficient

quantity of wheat flour, made a cohesive dough with water, which formed an ex-

cellent food for pigs
;
apparently showing that the digestive organs of this ani-

mal could operate the same Bort of change upon wood as sulphuric acid does.

. . . The composition of wood has been examined by Messrs Gay-Lussac

and Thenard, and Dr Prout. According to Dr Prout, the oxygen and hydrogen
are in the exact proportions to form pure water

;
according to the others, the

hydrogen is in excess." *

72. " When minutely divided fragments of a trunk or branch of a tree," as

M- Raspail observes, " have been treated by cold or boiling water, alcohol, ether,

diluted acids and alkalies, there remains a spongy substance, of a snow-white

colour when pure, wliich none of these reagents have acted on, while they have
removed the soluble substances that were associated with it It is this that has

been called woody matter, a substance which possesses all tho physical and che-

mical properties of cotton, of the fibre of flax, or of hemp."
73. " On observing this vegetable caput mortuum with the microscope, it is

perceived to be altogether composed of the cells or vessels which formed the

basis or skeleton of the living organs of the vegetable. They are either cells

which, by pressing against each other, give rise to a network with pentagonal

or hexagonal meshes ; or cells with square surfaces ; or else tubes of greater or

less length, more or less flattened or contracted by drying ; sometimes free and
isolated, at other times agglomerated, and connected to each other by a tissue of

elongated, flattened, and equilateral cells
;

or, lastly, tubes of indefinite length,

each containing within it another tube formed of a single filament spirally rollod

up against its sides, and capable of being unrolled under the eye of the observer

simply by tearing the tube which serves to support it. We find the first in all

young organs, in annual and tender stems, in the pith of those vegetables that

have a pith, and always in that of the monocotyledons. It is in similar cells

that the fecula is contained in the potato. The second is met with in all the

trunks and woody branches of trees. The tubes and the spirals {trachea) are

found in all the phanerogamous plants. These are the organs which constitute

the fibre of hemp, of flax," &c.

74. " Experiment, in accordance with the testimony of history, proves that,

if excluded from the contact of moist air, woody matter, like most of the other

organised substances, may be preserved for an indefinite period." The plants

found in coal-mines, the wood, linen cloths, bandages, and herbs and seeds

found in the coffins of Egyptian mummies, have all their characters undecayed,

and yet these tombs are in many cases nearly 3000 years old. " But if the

woody matter be not protected against the action of air and moisture, the case is

very different. By degrees its hydrogen and oxygen are disengaged, and the

carbon predominates more and more. Thus the particles of tho texture are dis-

integrated gradually, their white colour fades, and passes through all the shades

till it becomes jet-black ; and if this altered woody matter be exposed to heat, it

is carbonised without flame, because it does not contain a sufficient quantity of

hydrogen. Observe, also, that the cells of woody matter contain different sorts

of substances tending to organise, and that these are mixed and modified in many
di flerent ways." ..." Woody matter, such as I have defined it, being

formed of 1 atom of carbon and 1 atom of water, as soon as it is submitted to the

action of a somewhat elevated temperature, without the contact of air, experiences

Unit's Dictionary of the ArU-nxt. "Wood.''
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an internal reaction, which tends to separate tho atom of water from the atom of

carbon. The water is vaporised, and the carbon remains in the form of a black

and granular residue" *

75. Now, if any means could bo devised by which the substances in the cells

of woody matter could be deprived of their tendency to organise when in con-

tact with common air, wood might bo rendered as permanently durable as the

grains of wheat which have been found undecayed in Egyptian mummies, and

even more so. This discovery seems to have been made by Mr Kyan. In

contemplating the probability of tho use of home timber being much extended

in the construction of steadings, when the young woods at present growing shall

have attained their full growth, it may be proper that the growers of wood, and

the farmers on tho estates on which wood is grown, be made aware of this mode
of preventing timber being affected by the dry-rot. What the true cause of dry-

rot is, has never yet been determined, but it frequently shows itself by a species

of mildew which covers the timber, and tho action of which apparently causes

the wood to decay, and crumble down into powder. The mildew, however, is

neither the dry-rot nor its cause, but its effect. It is distinctly seen by the

microscope to bo a fungus ; and as the fungus itself is so minute as to require the

aid of tho microscope to be distinctly seen, its seeds or spores may be supposed
to be so very minute as to be taken up by the spongioles of trees.

76. Tho principle upon which the chemical action of tho corrosivo sublimate—
the substance used by Mr Kyan—upon vegetable matter preserves tho timber, is

easily explained. All plants are composed of cellular tissues, whether in the

bark, alburnum, or wood. Tho tissno consists, as you have seen, of various-

shaped colls ; and although they may not pass uninterruptedly along the whole
length of the plant, as M. de Candolle maintains, yet air, water, or a solution of

anything, may be made to pass through the cells in their longitudinal direction.

Experiments with the air-pump have proved tins beyond dispute. Those cells,

and particularly those of the alburnum, contain the sap of the trees which, in its

circulation, reaches the leaves, where its watery particles fly off, and the enlarg-

ing matter of the tree, called the albumen, remains. Albumen is tho nearest

approach in vegetables to animal matter, and is therefore, when by any natural

means deprived of vitality, very liablo to decomposition, particularly that which
is connected with tho alburnum or sap-wood. Now, corrosivo sublimate has long
been known to preserve animal matter from decay, being used to preserve anato-

mical preparations ; and even the delicate texture of the brain is preserved by it

in a firm state. The analogy between animal and vegetable albumen being esta-

blished, there seems no reason to doubt the possibility of corrosive sublimate pre-

serving both substances from decay
;
and, accordingly, the experiments of Mr

Kyan with it on albuminous and saccharine solutions have confirmed the correct-

ness of this conjecture. The prior experiments of Fourcroy, and especially those

of Bcrzclius, in 1813, had established the same conclusions, though neither of these

eminent chemists had thought of their practical application to the preservation

of timber. Berzclius found that the addition of the bichloride (corrosivo subli-

mate) to an albuminous solution, produced a protochloride of mercury (calomel),

which readily combined with albumen, and produced an insoluble precipitate.

This precipitate fills up all the cellular interstices of the wood, and becomes as
hard as the fibres.

*

77. Even after timber has been subjected to this process, it is requisite to

give the air free access to it by means of ventilation, and for that purpose, where
timber is covered up, which it is not likely to be in a steading, small openings,

* Haspail's Organic Chemistry, translated by Henderson, pp. 141-164.
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covered and protected by cast-iron gratings in frames, should be made through
the outside walls.

78. With regard to the expense of tliis process, which is a material consider-

ation to those who have largo quantities of timber to undergo the treatment, it

costs for steeping 10s. the load of 50 cubic feet. A tank, fitted up to steep large

scantlings and logs, costs about £50, and the process may cost 3d. or less the

cubic foot to those who construct a tank for themselves.

79. The patent, we believe, has now expired, so that parties may use the

process without fees. The solution is prepared in the proportion of about 1

pound of the corrosive sublimate to 5 gallons of water. The expense per load,

as above stated, is divided equally between the solution and the labour in

applying it. As regards the efficiency of the system, considerable discrepancy

of opinion exists. On the Great Western Railway, after six years' trial, some
samples of the wood subjected to the process were found " as sound as on the day
on which they were first put down." On the London and North-western Rail-

way the process was found, on the contrary, so unsatisfactory as to be given up.

80. Other plans for preserving timber have been introduced, of which the

three most important are known as Burnett's, Bethell's, and Payne's : of these

we offer a short description.

81. The process patented in 1842 by Sir William Burnett consists in im-

pregnating the timber with a solution of the chloride of zinc. From recorded

experiments, the process seems to be efficient. The preparation of a load of

timber by this method is about 16s. The solution is prepared in the proportion!

of 1 pound of chloride of zinc to 10 gallons of water.

82. In Bethell's process, oil of tar and other bituminous matters containing

creosote are used to impregnate the wood. The wood is not only immersed in

the solution, but it is forced into the fibres by pressure. The wood to be

impregnated is placed in close tanks filled with the solution ; the tanks are

then closed up, and the air exhausted from their interior; more solution is

then pumped in for a period of six or seven hours. The wood is finally taken

out thoroughly saturated with the solution, and weighing considerably heavier.

The process is said to perfectly coagulate " the albumen in the sap, thus

preventing its putrefaction." A load of timber is treated at a cost of from

10s. to 15s. In using the oil of tar it is necessary to deprive it of its am-
monia, otherwise the wood becomes brown and soon decays. Timber for farm
purposes may be simply Bethellised by painting the surface over with the

hot oil of tar, or by immersing it in a tank of the hot solution. This will not

give such beneficial results as when impregnated under pressure, but will

nevertheless tend to preserve the timber for a considerable time from atmos-

pheric influences. The cost of the oil, as sold by the patentee, is stated at 4d.

per gallon, this including the right or licence to use the process. On the whole,

judging from the almost unanimous evidence in favour of the process, and the

ease with which it can be adopted, we incline to think that it is the best adapted

for farm constructions.

83. In Payne's process (patented 1841) the wood is impregnated by pressure

with a solution of earthy or metallic substances; and these substances, by
chemical decomposition, preserved within the material in an insoluble state.

Thus, if a solution of sulphate of iron is forced into the wood, a second solution

is forced in of any of the carbonate alkalies, which " decomposes the salt, and

renders the iron insoluble."*

See Tranmctiom of Ike Highland aiul Agricultural Society for 1857, p. 12—art. "The Preser-

vation of Timber."

B
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18 MATERIALS EMPLOYED IN CONSTRUCTION.

84. Section Third—Metals.—The metals used in construction arc iron,

copper, brass, zinc, and lead.

85. Iron.—The two varieties of this material are cast-iron and wrought-

iron.

86. Cast-iron is generally divided into two classes, grey and white, between

which there exist very marked differences. When of good quality, grey cast-

iron is slightly malleable, and files easily when the skin or outer crust is

removed. The fracture presents a granular appearance—grey in colour and

metallic in lustre, as if grains of lead were on the Burfaco. Grey is smoother

and tougher than white cast-iron.

87. White cast-iron, when broken, presents a fracture of a distinctly marked
crystalline character, the colour white, and instead of a metallic it possesses

a vitreous lustre, or a light somewhat similar to that reflected from a series of

small crystals. This quality of iron is hard and brittle.

88. The colour and lustre of iron is usually taken as a test of its strength.

Where the colour is dark grey, with a high metallic lustre, the iron is of a valu-

able quality. Where the lustre is less decided, the softness and weakness are

increased. Where the colour is a light grey, with a high metallic lustre, the

metal is hard and tenacious. The hardness and brittlencss of cast-iron become
more marked as the colour becomes whiter, and the lustre changes from metallic

to vitreous. The extreme of the grey variety is where the colour is dark and

mottled—this gives the softest and weakest iron of tins class ; and of the white

variety, where the colour is of a dull greyish-white, with a high vitreous lustre

—this giving the hardest and most brittle of this class.

89. But while colour and lustre are taken as tests of strength, a good autho-

rity does not think them admissible as tests of the chemical constituents

of iron ; for though dark-coloured iron is usually weak, grey strong, and white

brittle, yet black iron, when chilled, becomes white, although it must be sup-

posed to contain the same quantity of carbon. We therefore conclude that the

colour of iron indicates the treatment to which it has been subjected, and in

some cases only the quantity of carbon.

90. As a general rule, the grey cast-iron is most suitable where strength is

requisite, the white where hardness is required. The best test of the quality

is to strike the edge of a casting with a hammer. If the blow produces fracture,

the iron is brittle and comparatively weak ; if the blow indents without breaking,

the iron is of good quality.

91. The strength of cast-iron depends upon the quantity of carbon wliich

it contains, and its freedom from impurities. In addition to carbon, cast-iron in

this country contains silica, lime, magnesia, alumina, and occasionally some of the

phosphates and otheradmixtures. The iron made from the magnetic ores is the best.

92. When cast-iron contains three per cent of carbon, it is considered to be
of the strongest quality ; if it contains more than this amount, it is soft and
weak ; if less, it is hard and brittle.

93. The quality of iron produced at the iron-works throughout the country
varies considerably, although, taking an average of the whole, some approach to

a uniform standard is obtained. As a mixture of the various irons is understood
to produce the best cast-iron, it is of some practical importance to know the
" mixtures " recommended by experienced engineers. The object in mixing the

different varieties is to obtain the proportion of carbon which gives the greatest

strength with the requisite degree of fluidity ; and this proportion is regulated

by the appearance of the fracture of the several varieties proposed to be used
for the mixture.
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94. Mr Fairbairn of Manchester, one of our highest practical authorities,

gives the following as the best mixture, independently of price :

—

Lowmoor, No. 3, . . .80 per cent.

Blaina or Yorkshire, No. 2, . . . 25 „
Shropshire or Derbyshire, No. 3, 25 „
Good old scrap-iron, . . . . 20 „

100

For large and small castings Mr M. Stirling gives the following mixtures

:

For a heavy casting, several inches in thickness and several hundredweight, a

mixture of two proportions of No. 3 to one of No. 1 may be used. When the

casting is thin and light (say 2 or 3 cwt.), a larger proportion of No. 1 and a

smaller proportion of No. 3 may be used. It is difficult to estimate exactly the

quantity of the various irons from their numbers, as these are very arbitrary,

the No. 1 of one district differing considerably from the No. 1 of another.

Attention should therefore be paid to the appearance of fracture of each quality

;

and where great nicety is required, it would be advisable to test the strength ofeach

by direct experiment The London mixture, which by the metropolitan founders

is considered to be stronger than country mixtures, is equal proportions, or nearly

so, of No. 3 old scrap and No. 1 Scotch hot-blast. Another mixture recommended
is, equal proportions of hot-blast iron, old iron, and Blaenavon Welsh iron.

95. Mr M. Stirling's patented mixture of wrought-iron and cast-iron gives
" considerably increased powers of resistance to every description of strnin, when
compared with the unmixed irons." This process of toughening cast-iron consists

in fusing simultaneously wrought-iron and cast-iron in a cu]K>la or air-furnace.

The result of a series of experiments made in connection with this toughened iron,

showed that the relative value, as regards strength, of the unprepared iron and

the prepared, was 1 : 1.36—the mean breaking-weight of the unprepared being

38.3, and of the prepared 52.3. Other experiments showed a higher value,

however, than tins. Mr Fairbairn reports very favourably upon this mixture,

and says that, when "judiciously managed and duly proportioned," it "increases

the strength about one-third above that of the ordinary cast-iron." With regard

to the proportions, Mr Stirling says that " the place from whence the iron comes

regulates, to a certain extent, the quality, as a general rule. Scotch iron, generally

speaking, requires more, Staffordshire less, and Welsh least of all. The pro-

portions which I should recommend for No. 1 Scotch hot-blast, vary from 24 lb.

(of wrought-iron) contained in the cwt., to 40 lb., according to the richness of

the iron. No. 2 requires a smaller proportion, say from 20 lb. to 30 lb., also

according to its quality. No. 3, generally, I do not recommend for mixture, as

it is very often uncertain in itself, and its mixtures aro not so certain as the

toughened mixtures Nos. 1 and 2. No. 3, Scotch hot-blast, makes an excellent

mixture with from 15 to 20 per cent of malleable iron for largo castings. The
Staffordshire No. 1 will not bear so much as the Scotch, and in the same pro-

portion with Nos. 2 and 3 ; 20 lb. to 30 lb. would be a high proportion for Welsh
No. 1 . With Staffordshire No. 2, a small proportion in the same falling ratio as in

the Scotch ; and with Welsh No. 2, 10 lb. to 15 lb. per cwt. would be sufficient."

96. From the commercial results obtained in the manufacture of cast-iron by
the use of the hot-blast, the process is now very generally adopted. The ques-

tion, therefore, is possessed of considerable interest to the mechanic, Is the

strength of cast-iron prepared by the hot blast less than that prepared by the cold?

On this point considerable diversity of opinion exists. An interesting series of

experiments was carried out by Messrs Fairbairn and Hodgkinson, to determine
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the relative strength of hot and cold blast. " From these it was found that the

hot-blast irons, when taken collectively from a number of works in England, Scot-

land, and Wales, gave results rather in favour of the hot-blast ; whereas the cold-

blast iron, when taken separately, and compared with others, indicated a superior

quality of iron to tlioso obtained from the hot-blast." Taking the mean of four

kinds of iron experimented upon to ascertain the number of pounds required

to tear asunder a bar 1 inch square, it was found that, while the cold took

16,801 lb., the hot-blast took 15,342 lb. ; and that, taking the strength of cold-

blast as represented by 1000, the ratio of the strength of the hot-blast to it was

928. Again, in ascertaining the force in pounds required to crush a prism an inch

square on its base, and l£ inches high, it was found (taking the mean of four)

that while the cold-blast took 99,238 lb., the hot-blast iron took 102,777 lb.,

the ratio of strength being (cold-blast 1000) as 1000 to 1028. And in the ex-

periments made to ascertain the transverse strength of rectangular bars 1 iuch

square, laid on supports 4£ feet wide, and broken by a weight in the middle, it

was found (taking a mean of eight), that while the cold-blast took 456 lb., the

hot-blast took 453 lb., the ratio of strength being as 1000 to 996. 44 On the

wholo," says Mr Fairbaim with reference to the point now under consideration,

" I am of opinion that the hot-blast does not improvo the quality of the Welsh
and English irons, but, judging from the experiments, and other indications since

these experiments were made, that its application to the Scotch furnaces in the

reduction of the blackband ores is an improvement. I am the more confirmed

in this opinion from the fact, that although tho Scotch irons are not injured by
the hot-blast, both the English and the Welsh sunder considerably, as may bo

seen in the case of the Elsicar, Milton, and Buffery irons."—(See Table in par.

124). As to the effect produced by the hot-blast in the manufacture of

iron, the same authority remarks, that 44
it varies considerably with the quality

of the ore and the fuel, and I believe much depends upon the quantity of sul-

phur present in tho coal or coke used. The chemical constituents of tho fuel

and foreign mixtures in the mine, are considerations of importance in the uso

and application of the hot-blast
;
but, generally speaking, I should infer that it

has a tendency rather to weaken tho iron than otherwise." A large number of

experiments were made by the well-known engineer, Mr Robert Stephenson, at

the High-level Bridge, Newcastle, to test the merits of the various qualities of hot

and cold blast iron. The conclusions to which he considers these experiments

point are as follows : (1.) That hot-blast is loss certain in its results than cold-

blast; (2.) Mixtures of cold-blast are more uniform than those of hot-blast; (3.)

Mixtures of hot and cold blast give the best results
; (4.) Simple samples do not

run so solid as mixtures
; (5.) Simple samples sometimes run too hard, and

sometimes too soft, for practical purposes."

97. The strength of cast-iron objects depends also much upon their size, and
in the way in which they are cast. When tho object is very large, the iron

softens with slow cooling. When the thicknesses of which it is composed are un-

equal, tho unequal cooling of the parts renders some more crystallised and
weaker than others. Hence the endeavour of mechanics to have a uniform
thickness in the different parts of castings ; and hence, also, the rule which should

be strictly attended to—namely, never to take the castings out of the sand while

red hot, but to allow them to gradually cool, and to become, in fact, annealed in

the sand. We are aware that this, in small foundries, cannot under all circum-

stances be done, from want of space, and also from economical reasons, inas-

much as the portion of the sand in immediate contact with the metal is burnt,

and rendered useless ; but where sound work to be depended upon is required,
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it is essential that the castings should be allowed to remain in the sand till

cooled, and a " perfect and compact mass of crystallisation" is obtained. Mr
Fairbairn says that fireproof beams should be allowed to remain in the sand never
less than 10 hours, heavy castings 30 or 40 hours. Articles, when cast in the

direction of their greatest length, are more dense, and are freer from impurity, than
when in the direction of their shortest length. Mr Glynn thinks that castings

are strongest when the iron is obtained from an air-furnace in dry sand, and that

castings in loam are stronger than castings in open sand. The air-furnace is

preferred by high authorities before the blast cupola. Mr Fairbairn states that,

in one series of experiments, the iron produced in the air-furnace was 2 per cent

stronger than that obtained from the cupola.

98. As regards the relative values of Scotch and English iron, the same high
authority states, that he " thinks the Scotch weaker, and that it runs more fluid

than the English irons. It is, however, equal in strength and superior in qua-
lity to some of the Staffordshire irons, but certainly inferior, as respects strength,

to the Yorkshire and Welsh cold-blast iron." The Scotoh is generally preferred

for the purposes of machinery, as it runs well into the mould, and gives clearly-

defined edges. When treating on the Strength of Materials, we shall give a
table of the qualities of the best-known irons of the United Kingdom, par. 124.

99. Wrought-iron.—The fracture of wrought-iron presents a clear grey colour,

with a metallic lustre and granular texture. The appearance of the fracture

gives a strong indication of force having been required to tear tho fibres

asunder. A decided fibrous appearance will be given to the granular fracture,

if the fractured bar is drawn out into small bars by means of the hammer.
When the fracture presents a crystalline or laminated appearance, the iron is

defective. Of defective irons, burnt iron is hard and brittle, of a clear grey

colour, and of laminated texture. Cold short iron—so called from its breaking

under the hammer when cold—is similar in appearance to burnt iron, tho colour,

however, being whiter. Hot short iron—so called from its breaking under the

hammer while hot—is dark in colour, and has no lustre. Tliis latter defect is

indicated by cracks on the edges.

100. Wrought-iron of the best quality is divided into two classes, the hard

and the soft. The soft is weaker than the hard, gives easily to the hammer, and
presents the fibrous texture in bars of considerable section. Tho hard is strong

and ductile, and only presents the fibrous texture when drawn out into small

rods. In testing wrought-iron, bars of not less than 1 inch square or round, and
flat bars of not less than half-inch thick, should be used. If of less section, the

distinctive features of the fracture will not be sufficiently observable.

101. With respect to iron cast and wrought, a question of some importance

has arisen as to whether its internal structure is changed by vibration,

or by shocks to which the parts may be subjected. On this point a variety

of opinions was elicited before the Royal Commission, somewhat contra-

dictory, however, in their nature. Mr Glynn, in his evidence, states that he

considers tho structure both of wrought and cast iron is altered by a succession

of blows—the wrought to a crystalline structure, tho cast to larger crystals

;

and that he has observed this appearance particularly in axles, mill-shafts,

tooth-wheels, crowbars, and crane chains. Tho latter, even when made of

strong fibrous iron, require to be annealed every three years. Mr Fox con-

sidered that an internal change is produced in wrought-iron by vibration,

and points to an instance where tho tliread of a screw is cut in wrought-

iron, and the part broken across at the tapped part, and at another point

distant from this ; the tapped part will present the most crystallised appearance.
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22 MATERIALS EMPLOYED IN CONSTRUCTION.

Mr Fairbairn points out a fact of some importance, that repeatedly making
a wrought-iron bar hot, and plunging it into cold water, renders it crystal-

line, and that annealing is required to- restore the fibrous texture. Al-

though percussion renders the fibres more liable to break off short, he thinks

that unless it is sufficient to cause a considerable rise in temperature, it does

not cause change in the internal structure. Mr Stephenson, the eminent

engineer, considers any change in the internal structure to be highly impro-

bable ; and cites one instance of a connecting-rod which vibrated 25,000,000

of times, and yet remained fibrous. Ho also points to the fact that the iron

of an axle may not bo in the first instance fibrous ; for although the drawing

out of bars from one to some twenty feet long necessarily renders the texture

fibrous, it does not follow that it will become so when the bars are drawn out

only from 1 to 6 feet. Mr Brunei takes a still more novel and suggestive

view of the matter; and while doubting the change of internal structure, ho
thinks that the various appearances of different fractures result as much from

the mode in which the iron has been broken as from any change of structure.

Further, that change of temperature will also produce a variation in the fracture
;

that iron in a cold state presents a more crystallised fracture than the same
iron warmed a little ; that wrought-iron does not actually become crystalline

and fibrous, but breaks either crystalline or fibrous according to the combina-

tion of circumstances under which it is broken. The whole subject, although

of great importance to the practical mechanic, is surrounded with difficulties,

and all evidonce given in connection with it lias been more or less conjectural.

It is right, however, to state that it is a very general opinion amongst
mechanics and philosophers, that iron repeatedly hammered—and by inference

subject to repeated vibrations and shocks—becomes completely changed in its

internal structure. Numerous instances could bo brought forward in proof of

this, a most notable one being that of the u monster wrought-iron gun" of

Mr Nasmytli, wliich was fabricated by the agency of the steam hammer, and
which burst at the first or second trial, presenting, we believe, all the appear-

ances of cast-iron. Parts of machinery are sometimes cold hammered in order

that they may take a higher polish ; but if this generally received opinion is

correct, the practice is a dangerous one, as they may be much weakened. The
same may be said of the practice of repeatedly heating, and plunging in cold

water, forged parte of machines. (See above, at the top of the page.)

102. As regards the durability of iron, and the influonce of the atmosphere

and water upon it, Mr Mallet, in his Report to the British Association, gives

some valuable remarks. From his close investigation into the nature and
properties of iron he deduced a variety of hints, of which the following are

the most useful for our purposes.

103. That iron placed in clear fresh river-water corrodes less than under any
other immersion, from the absonco of highly-corrosive matters, and from tho coat

of oxide wliich is formed, and which is not so easily washed off as in sea watei

;

that castings made in dry sand and loam are more durable when immersed in

water than those made in green sand ; that cast-iron is more durable when
the hard crust is allowed to remain, than when it is removed by chipping and
filing ; that the greater the bulk of bars the less is the corrosion ; that to

prevent unequal cooling in castings, the ribs should be made of equal thickness.

104. Tho methods in general use to prevent corrosion and decay of iron-

work, consist in the application of paints. These afford, however, little pro-

tection ; and a better medium, boiled coal-tar laid on while the iron is hot, is

highly recommended. It leaves on the surface a bright varnish, capable of
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resisting for a considerable time corrosive agencies. Painting the surface with
the hot solution of the oil of tar—Bethellising—is said to be an efficient preser-

vative of iron surfaces.

105. Copper.—For constructive purposes this metal is principally used in

form of thin sheets. It is very durable, and is little affected by atmospheric

influences. Brass is an alloy of this metal and zinc, and is composed

—

when that kind of it known as British brass of a full yellow colour is wished
to be made—of G6.18 parts of copper, and 33.82 of zinc. Its specific gravity is

8.299. For purposes whore copper is too soft, and a metal less corrosive than
iron is required, gun-metal may be used. This is an alloy of copper and tin in

the proportion of 84.29 of copper to 15.71 of tin. To render these alloys easily

worked in the various processes of the mechanic, a little lead should be added
to the brass, and a little zinc to the gun-metal alloy.

106. The lead of commerce is derived from the ore galena, which is a sul-

phuret yielding about 87 per cent of lead and 13 of sulphur. Galena is found

in greatest quantity in transition rocks, and of these the blackish transition

limestone contains the largest. The ore is more frequent in irregular beds and
masses than in veins. The galena lead-mines of Derbysliire, Durham, Cumber-
land, and Yorkshire, are situate in limestone, while those of the Lcadhills, in

Scotland, are in greywacke. Great Britain produces the largest quantity of

lead of any country in the world, the annual produce being about 32,000 tons, of

which the English mines supply 20,000. The rest of Europe does not supply

50,000 tons. The export of lead has fallen off considerably, and its price has

experienced a corresponding depression for some years past, on account of

the greatly increased production of the lead mines of Adra in Granada, in

Spain.

107. Zinc is an ore which occurs in considerable quantity in EngUhd. It is

found in two geological localities—in the mountain limestone and in the magne-
sian limestone. It occurs in veins, and almost always associated*with galena

or lead-glance. It is of the greatest abundance in the shape of a sulphuret or

blende, or black-jack, as the miners call it. There is also a silicious oxide of

zinc, and a carbonate, both called calamine. In North America, the red oxido

of zinc is found in abundance in the iron mines of New Jersey. The zinc of

commerce is derived, in this country, from the blende and calamine. It is

naturally brittle, but a process has been discovered by which it is rendered

malleable, and it retains its ductility ever after. It is tliis assumed ductility

which renders tho metal useful for domestic purposes. " It is extensively em-
ployed for making water-cisterns, baths, spouts, pipes, plates for the zinco-

grapher, for voltaic batteries, filings for fireworks, covering roofs, and a variety

of architectural purposes, especially in Berlin ; because this metal, after it gets

covered with a thin film of oxide or carbonate, suffers no further change from

long exposure to the weather. One capital objection to zinc as a roofing

material is its combustibility/'

108. The most malleable zinc is derived from Upper Silesia, under the name
of spelter, which is sent by inland traffic to Hamburg and Belgium, where it is

shipped for this country. The zinc of the Veille Montaigne Company enjoys a
high reputation ; it is considered the purest spelter. Zinc is much lighter than

lead, the density being 7.190, while that of lead is 11.352. The tenacity is

also greater
;
thus, while lead has a tenacity of 27.7, zinc has a tenacity of

109.8.
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DIVISION SECOND—PRINCIPLES OF CONSTRUCTION.

kTftJLlMa TO WIIT, >t M*T«iU»L« *HC

109. Section First—Strength of Materials.—To enable ub to calculate with

certainty the size of the materials we use for constructive purposes, it is neces-

sary to be acquainted with the varieties of strains to which they are subject,

or the manner in which external forces act upon them, and the extent to which

different constructive materials are capable of supporting or resisting them.

110. In following out this design, we have taken roofs chiefly as affording

the most obvious and palpable demonstration of principles. The demonstration,

however, is alike applicable to all species of framing and joinings, whether of

machines or otherwise.

111. When a piece of timber, stone, or iron, a, fig. 9, is pressed in the

Fig.». direction of its length, its strength to resist the

action of the force represented by the arrow is called

its compressile strength, or its resistance to compres-

sion—meaning the power which the material has

to resist being crushed. In fig. 9, the pieces c and cf,

pressed upon by the weight 6, are subjected to a

compressile strain or crushing power.

112. The strength which any material has to

resist being pulled asunder in the direction of its

length, is termed its cohesive power ; and any force

acting in this way is termed a tensile strain— the

strength which the material has to resist tills l>eing

called its resistance to tension. The part g, fig. 9, suspended from the two pieces

c and d, is In a state of tension ; the beam e f, acted upon at its extremities by
the pieces c and d, is also in a state of tension, the effect of the pieces c and d
being to pull it asunder in the direction of its length, as shown by the arrows.

Fig. ia The weight of the beam e f supported by two walls

e and /, has a tendency to pull asunder the piece g in the

direction of its length. The iron rod h i, acted upon
by two pieces, / and k, in the direction of the arrows, is

also in a state of tension.

113. Where a beam c rf, fig. 10, is supported at its ex-

tremities on two walls a and 6, and pressed upon by a

weight acting at its centre as g, or by a weight suspended unf it has a tendency

to break in two, the weight exerting ujwn it what is termed a transverse strain ;

and the strength of the material to resist this is

called its resistance to transverse or cross strains.

114. When a beam or bar a, fig. 1 1, is supported

at both ends on walls c and d, a force, represented

by the arrow, acts so as to bend the beam, as

shown by the exaggerated lines b. The resistance

of the material to tins is termed its elasticity, or

resiliancy ; and the effect produced by the force is

called the deflection of the beam.

115. All solid bodies subjected to deflection

have, within certain limits, a power to resume
their original position after the removal of the

force which causes the deflection. These limits

are termed the limits of elasticity. Littlo is known as to the extent to which

rig. u.

p - —

-
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solid bodies possess this power, or elastic force ; the usual assumption is, that a
solid body does not take permanently that set or curve which the force gives to

it, unless the force exceeds one-third of that necessary to break the body. Tho
experiments of Mr Hodgkinson, however, would seem to point to the fact, that

strains, however slight, give a pormanent set to all materials on which they act.

116. This strain, causing "deflection," is made up of the two strains tensile

and compressile. This may be proved by supposing that we make, in the centre

of the beam, a saw-draft or cut on its upper and under side, as at e and /fig. 11,

which represent an enlarged part of the beam a. In each of these saw-cuts

place a piece of wood or metal just tight enough to bo held without dropping
out, and then set the beam a on tho two walls c and d. As the Vieam bends,

the fibres of the concave or under-sido f of the beam will be extended, and
the saw-cut will open, allowing the piece of metal or wood to drop out : tho

contrary will have taken place, however, on the upper side e ; the fibres there

will have been compressed, tightening up firnily tho piece of wood or metal

lying in the saw-cut e. Tho arrows show the direction of the compressile strains

acting on e, and also the tensile acting on/ ; the fibres, represented by tho wavy
lines, being contracted on each side of tho cut e, and elongated or drawn out

from the cut f. On inspection of the diagram e f, fig. 11, it will bo seen that

there is a portion of the beam in which the fibres have undergone no strain,

either compressile or tensile : this part of the beam i is called tho neutral axis.

The experiments of Mr Hodgkinson and Mr Barlow have- shown that in iron the

neutral axis lies nearer to the concave than to the convex side or surface of the

deflected beam
;
and, in timber, that the neutral axis lies nearest the convex

side. In beams of a rectangular section, Mr Barlow calculates the neutral axis

in iron to be between one-third and one-fifth of the depth ; in timber at tlirce-

eightlis of the depth.

117. To recapitulate : (1.) A beam is subjected to a tensile strain when tho

force tends to draw it or tear it asunder in the direction of its length
; (2.) A

beam is subjected to a compressile strain when the force has a tendency to crush

or compress its fibres or particles; (3.) A beam is subjected to a transverse or

cross strain when the force has a tendency to break it across the direction of its

length ; and lastly, (4.) When a beam is subjected to a force, tending to bend
it, its capability to resist this is called its elastic force, its elasticity, or resiliancy ;

and the effect of the force is called the deflection of the beam.

118. A vast number of experiments have been made by various authorities,

in order to test the capabilities of the different constructive materials to resist

the strains which we have described above. These have resulted in affording

data from which formula? have been constructed, aiding the mechanic in estimat-

ing the strength of various parts of structures. These are applicable to a wide
diversity of practice ; but in cases where work of the first order of completeness

is desirable, it will be satisfactory to institute direct oxperiinentB on the mate-
rials intended to be employed. As above stated, the experiments which have
been made are applicable to the general qualities of materials ; wo therefore

now give the most important of their results.

119. Stone.—In par. 56 we have given a tablo of tho leading qualities of

the different classes of stone used for building purposes in this country. We now
give a table of the peculiarities of the same classes of stones, showing the weight
in tons when the specimens began to fracture

;
and, in another column, the

weight in tons required to crush thein. Practically, the first column is the

useful one, and may be taken as showing the crushing weight of each spe-

cimen.

-
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Dmcr>ftio:« or Stone.
W»foht

Weight Description of Stout.

Weight
producing
Fracture.

Crwliinj;

Weight

8andstonbs. OoLITES.
Craigloith . . 1.89 3.5 Ancaster 0.75 1.04

Barley Dolo . 2.75 3.1 Bath Box 0.56 0.66

lleddon . 0.82 1.75 Portland 0.95 1.75

AVwUMSU . . . 1 51 2 21Ait Kattnn 0.69 1.18

Mansfield 0.88 1.64

Magnesian Lime- LfMESTOSES.
stones.

Bolaovor 2.21 3.75 Bnrnack 0.50 0.79

Huddlestono . l.f>3 1.92 Chilmark 1.32 3.19

Roche Abbey 0.75 1.73 Ham Hill . . 0.09 1.80

Park Nook . 0.32 1.92

120. Stones are chiefly subjected to a compressile, rarely to a tensile strain.

Stone is not at all calculated to bear much of a tensile strain
;
thus, to tear

asunder a square inch of sandstone of the qualities as in the above table, only

772 lb. are required; and for oolite, 857 lb. The tenacity of Welsh slate, however,

is such that it requires 11,500 lb. to tear asunder a square inch of it. Stones

are frequently subjected to transverse or cross strains, as in the case of lintels.

From tho experiments by Colonel Pasley, it appears that an average breaking-

weight in pounds, of prisms 4 inches long, with a cross section of 2 inches on a

side, and with a distance of 3 inches between the supports of various stones,

was as follows: Craigleith, 1896 1b.; Cornish granite, 2808 1b.; Kentish rag,

4581 lb.
;
Bath, 666 lb.

;
Yorksliire, 2887 lb.

121. Timber.—In structures composed of timber, the parts subjected to com-
pressile strains are posts or pillars, struts or braces ; those subjected to tensile

strains, tie-beams and straining pieces ; and those to transverse strains, beams
thrown across openings, supported at the ends, and sustaining weights.

Dnciimox or Wood. 8peciflc Gravity.

CbheaiTortrength
in lb. perjquare

Reatetance to

coinpre-wi-ii In

lb. |wr !.<|uare In.

Oak (English) . • .934 12.000 6.484

„ (Canadian) . • .872 12.000 4.231

Ash .760 14.130 8.683

Beech . . .700 12.225 7.733
Elm . . . .540 9.720 1.033
Pine (White) • .660 12.340 2.028
Pine (Yellow) . a .660 11.830 5.375

Pine (Red) . n 11.800 5.395

122. In calculating the dimensions of beams to resist transverse strains, the

experiments of Professor Barlow (Report to the Commissioners of the Navy) are

particularly useful. The table below shows the breaking weight and elastic

Owcmmo* or Wood.
Ultimate Htrcs* or

Breaking Weight
in lb.

Elastic Strength.

Oak (English) . • • 1672 104.

,, (Canadian) . 1766 155.7

Ash . . 2000 113.3

Beech . J 550 97.15
Elm . 1000 50.

Red Pine . 1340 133.1
Riga Fir . 1100 96.2

-
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strength in pounds of beams of timber of various kinds, 2 inches in the edge,

and 7 feet or 84 inches between the supports.

123. Cast-Iron.—Cast-iron for constructive purposes is subjected chiefly to

compressile and transverse, rarely to tensile strains. Experiments have there-

fore been directed principally to ascertain its capabilities to resist compression
and cross strains.

124. The table below shows the residts of experiments instituted by Mr
Hodgkinson and Mr Fairbairn to ascertain the properties and strength of

f Abbbbvmtio*8.-C. B. , Cold Matt,- H. R, Hot Blast]

! ?

En
t .

Nambs or Irons.

6
V
E
O
2

Modutut of
MaMUttr In

It*. P^r .ttuw
inch, or •tiff

££

If

IS
it

Colour.

i
5" mi ill

6."* 1m
a.
an

'mJ 2
~

1 Pinkey, . No. 3, C. B.
* 1 *"M4.\Si 1/ ,21 1

,0»Xt 581

~~~~

174? 002 v> hituh grey. IInnL
s Devon, . 3, II. B.

•* Or. i 22,673,650 537 1 000 680 Wbiie. M
3 ("lector, . 3. C. B. <il .ow,400 K'rf037 1.001 537 n »f

4 Oldberry, 3, II. B. 7.3U0
>>- ) "**»» link^J,, .13,400 530 1.005 548 M

6 Carron, . 7.05ft 17,873,100 627 1.365 710 Wliitish grey. M
6 Beanfort,

Butterley,

lti,8O-',(K«0

15.3*9,500

IX 1 T017 807 Dullish „
4*
7 H. B. 7.nj,H

"
I

l>o02 1.81a 880 I>arkish ,,
c **HM

a)

8 Bute,
Windmill End,

1, C. B. i (Job } r i aft i iiw\15,16:1,000 401 1 . < 64 872 Bluish ,,

0 2. C. B. , .<», i 10,400, l>00 480 1.581 765 Dark „
ft rev.

Dull grey.

Hard.
10 Old Park, 2, C. B. 7.04a 14,607,000 485 1,621 718 HofL
11 Beaufort, 2. 11. B. 16,301,000 474 1.512 729 Hard.
in
12 Lowmoor, 2, C. B. 7.055 14,000,500 472 1.852 855 Dark grey. Soft.

13 Huffery, . 1, V. B. 7 079 i ci no v si. . * i

15,081,2110 463 1.055 721 (Jrey.

Light grey.

Kuttier hard.

! 14 Bryrnbo, 2. C. B. 7.017 14,01 1 ,6rtrl 450 1.748 815 » »,

15 Apedale, 2, 11. B. 7.017 14,852, 01»0 456 1.731 701 »» »t Stiff.

16 Oldberry, 2, C. B. 7.069 14,307.500 455 1.811 822 Dark „ Bather soft.

1' Pentwyn, 2. i .0.JH 15.103,000 455 1.484 650 Hluish ,, Hard.
18 Maesteg. 2. 7.038 13 t9.'>9,5oo 454 1,057 8S6 Dark „ Bather soft.

19 Muirkirk, 1. C. B. 7.1 13 1 4,003.550 453 1.714 770 BrUht „ Fluid.
20 Ad«lphi, 2. C. B. 7.080 13,815,500 440 1 .T.'jO 777 Light „ Soft.

21 Blalna, .

I>evon, . .

3, C. B. 7.150 14,281 ,466 44^S 1.726 747 Bright „ Hard.
22 7.2S5 Art i,jk4 • u*i

22,00, ,/00 448 .790 363 I-iRht „ M
23 C.artsherrie, . n. B. 7.017 13,*04,0OO 447 1.667 908 Light „ Soft.

21 Frood, . .

Lave End,
2. C. B. v mu t

; .II.U 13,112,666 447 1.825 841
Dark „

Open.
» 2. 16.787.WW 444 1.414 ,.,'i,,629 Soft.

Carron, . 3,C. B. 7.094 16.246,066 443 1.336 603 Urey.
Dull grey.27 Dundyvan, .

M sestet; (marked red)

7.0*7 16,534.000 443 1.460 674 Rather soft.

» 7.038 13,071.500 442 1.887 830 BluUh „ Fluid.
SO Cornyn's Hal), 2, C. B. 7.007 13,845,866 442 1.687 727 Orey.

Dull blue.

Soft.

30 Pontypool, 2. 7.080 13,136.500 440 1.867 816 Bather toft.

31 Waltirook, . 3. 6.078 15.304, 766 440 1.443 625 Light grey. Rather hard.
32 Milton, .

Buffery, . .

3, H. B. 7.051 18,852,500 438 1.368 685 Orry.
Soft.33 1- 6.088 13,730,500 430 1.064 821 Dull grey.

34 Level, . 7.080 15,452.500 432 1.616 6M!I Light „
35 Pant, . 2. 6.075 15.280.0(H) 431 1 251 511 1* •» Rather hard.
36 Level, . 2. n. B. 7.031 15,241.000 420 1.368 570 Dull „ Soft.
37 W. 8. 8., 2. 7.041 14.953.333 429 1.330 664 Light „ • •

38 Eagle PouDdry, 2. H. B.

2, C. R
7 038 14,21 1,000 427 1.512 618 Bluish „ Mm KUicar. . 6.028 12,586.500 427 2.224 092 Grey.

Hard.40 Varteg, . H. H. 7.007 UgOis.au 426 1.450 621
41 t'olsharo, l.H. B. 7.128 15,510.066 424 1.532 716 Whlttah grey. Rather soft.

42 Carroll, . 2. C. B. 7.069 17.om.ooo 410 1.231 630 Cirey. Hard.
43 Muirkirk, . I, It. B.* 6.053 13,204.400 418 1.670 666 Bluish grey. Soft.

44 Brierley,

Cod-Talon, .

2. 7.1K5 16,156,133 418 1.222 404 Dark .,

45 2, n. B. 6.96!) 14,322.500 416 1.882 771 Itrink*

Urey.
•i

4ft Brak Barrow, C. B.' 7.172 13.413,000 416 1.736 724
47 Coed-Talon, . 2, C. B.« 6.055 14,304,000 413 1.470 600 Rnther soft.

48 Samakoff, C. B. 7 216 14,000,000 :i72 1.160 418 Bluiah grey.
40 Monkland, 2. II. B. 6.016 12,250,500 403 1.762 7<»9 »t >, N
50 1 \ * Works, . 1. H. B. 6057 11.538,333 302 1.800 742 ># i,

51 Milton, .

Plnnkynaslon,
1. II. B.

2. U. B.
6.976 11,074,500 360 1.625 638 Orey. - '

ft and fluid.

:.2 6.016 13,341,633

21.404,400
367 1.366 517 Light grey. Rather soft.

53 236 .487 115 Like tine Hard it brittle

cast-iron from the principal ironworks in the kingdom. In the table each bar
is reduced to exactly one inch square, and the transverse strength, which may
be taken as the criterion of the value of each iron, is obtained from a mean
between the experiments upon it—first, in bars 4 feet 6 inches between the

supports ; and next, in those of half the lengtli, or 2 feet 3 inches between the

supports. All the other results aro deduced from the bars 4 feet 6 inches long,
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28 PRINCIPLES OF CONSTRUCTION.

In all cases the weights werewhich have not been introduced into the table,

laid on the middle of the bar.

125. The following table shows the results of experiments, made by Mr
Hodgkinson, to ascertain the tensile and crushing force in pounds and tons of
well-known varieties of iron ; also the proportion existing between these powers.
Mr HodgkinHon calculates the crushing force of cast-iron to be 43.5 tons per
square inch, and the tensile to be 6.6 tons

;
which, on the average, makes the

resistance of cast-iron to compression 6^ times its resistance to tension. Hence
its value in constructive purposes for struts, posts, beams, &c.

DBftCKtPTION OF 1*011.

Lowmoor iron, No. 1,

Do. do. No. 2,

Clydo iron, No. 1,

Do. do. No. 2,

Do. do. No. 3, . . .

Blasnaven iron, No. 1,

Do. do. No. 2, 1st sample,

Do. do. No. 2, 2d do.

Calder iron, No. 1,

Coltness iron, No. 3,

Brymboiron, No. 1, .

Do. do. No. 3, .

Bowling iron, No. 2, .

Ystalyfera anthracite iron, No. 2,

Yniacodwyn anthracite iron, No. 2,

Do. do. No. 1,

Mr M. Stirling's iron, denominated

Bccond quality,

Do. do. third quality,

Tensile strength
j|

per square inch i

HT**hl °r

of section.
sp*<-.m«i. »qu

lb.

12,694;

15,158

16,125

17.807

23,468

13,J>33

16.724

14.291

13,735

15,278

14,426

15,508

13,611

14,511

13,952

13,348

25,764

23,461

ton*.

5.667

6.901

7.198 i

7.949

10.477

6.222

7.4G6

6.3S0

6.131

6.820

6.440

6.923

6.032

6.478

6.228

5.950

11.502 i

10.474

Inch.

I

H
l

n
t

H
t

'I
n
i

i

H
l

n
t

i*

i
i»

i

'*

»

'i

'!

t

'I
lj

t

lb.

64.534—
6(>,445

99,525
ta.sari

S\741
109.Se/2

102.030
107,197
104.8HI

*»,5«tl

ll7,fiU5

1«2.408
68,559
68.532
72.103
76,1183

100.1N0

101.831
74,815
75.678
76.133
76,958
76.132
7;l,«84

95.559
83,609
78,659
77,124
75.3<i»

125 3;«
119.457

158,663
129,»76

Ion*.

2-4.000

85.198
44 430
41.219
41.459
39.616
49.103
45..S49

47.853

46.821
4«.5f!2

35 964
62.602
45.717
:«>.(i06

30.694
32."29
3a.92l

44.723
45.4HO

XV.W
33.784
33.9H8

34.X56
83.US7
33.028
44.610
42.(160

37.2S1
36.115

34.430
3:t.f54<?

55!*52

63.329
7n.s27

67.980

1 : 5 084 \
1 : 4.446 I

1 : <u;i$\
1 : 6.973 J

1 : 5.759 \
1

: 6.503 /
1

: 6.177 \
1 : 5.729 (
1 :4 5»S8\

1 : 4.469;
1 : 6 519>
1 : 5.780 »

1 : 7.032 »

1 : «.123 /
1 : 4.7!/7 \
1 : 4.7t>5 /

5.256 i

5.532 I

6 657 >

6.6ti5 i

6 186>
5.246 1*

4.609 t

4.963 J

5.6:16 1

5.476 f

6.886 >
6 6S6f
5.9851
5.638/
5.778 \
5.646 /
4.S65»
4.637 J

, . 6.762 »

1 : 6..VC S

1

I :

1 :

1 .

1 ;

1 :

1 :

I :

1

:

1 :

I :

1 :

1 :

1 :

1 :

1 :

1 :

1 :

1

1 : 4.765

1 : 6.205

1 : 6.631

1 : 5.953

1 : 4.518

1:0119

I : 6.577

1 : 4.796

1 : 5.304

1 : 6.611

1 : 6.210

1 : 4.936

I : 5.565

1 : 6 735

1 : 6-811

1 : 5.712

1 : 4.751

1 : 6.149

126. In connection with cast-iron, it has been a generally received opinion

—

derived from observation chiefly—that its valuo increased with the number of

meltings it received. To test the truth of this popular notion, Mr Fairbaim

instituted a series of experiments, by which he proved that the maximum of

transverse strength was only arrived at after the twelfth melting. Thus at tho

first melting tho mean breaking weight being given at 490.0 ; at the sixth

melting it was 438.7, and at the twelfth 692.1. From this it rapidly decreased,

till, at tho eighteenth melting, it was reduced to 312.7, less than its original

strength. Again, with reference to its compressile strength, Mr Fairbaim
found that, up to the eighth melting, the strength remained at its usual amount,

say 40 per Bquaro inch ; from tho eighth to tho thirteenth the compressile

Btrength was increased one-half, say 60 ; and from the thirteenth up to the*

eighteenth melting it was doubled.

127. Wrought-Iron.—Wrought-iron, in construction, is generally used for

parts subjected to a tensile strain, as ties. Mr Hodgkinson's experiments

showed the tensile force of wrought-iron to be 24 tons per square inch of
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section, or about 4 times that of cast-iron. The resistance to compression per

square inch of section is 27,000 lb., or say 12 tons.

128. The mean breaking weight per square inch of section of wrought-

iron plates is 50,000 lb., the strength being equal, or nearly so, whether the

plates are torn in the direction of tho fibres or across them. In a succeeding

section we shall enter briefly into the loss of strength incurred by riveting

plates together.

129. The experiments of Professor Barlow show that a bar of wrought-iron,

2 inches square in the section, and supported at both ends, 33 incheB being the

distance between the supports, was deflected .020 (inch) by a weight acting in

the middle of the bar equal to 1.75 tons ; the deflection being .030 (inch) with a

2-ton weight. Tho elasticity of wrought-iron bars may be presumed to be

injured by a weight of 2^ tons, and destroyed by 3 tons.

130. With reference to the opinion that severe tensile strains are injurious to

the bearing powers of wrought-iron, the experiments of Thomas Lloyd, Esq.,

of Woolwich, go to prove that this is not correct, but that the tensile strain of

wrought-iron is not injured by breakages up, even to four times in succession.

On this point Mr Fairbairn remarks, that " in practice it may not be prudent to

test bars and chains to their utmost limit of resistance ; it is, however, satisfac-

tory to know that, in cases of emergency, these limits may be approached with-

out incurring serious risk of injury to the ultimate strength of tho material."

The experiments of Mr Lloyd also prove that the length of the bar does not

affect its tensile strength.

131. We have already (par. 9) pointed out tho influence which the mere form

of the beam, or the position in which it is laid, has upon its capability to resist

strains ; and that a beam laid on its edge, as in fig. 3, is capable of supporting a

greater weight than when laid flat. Hence, as wo pointed out, the reason for

making beams thin and deep,—tho strength of rectangular beams of this kind,

supported at both ends, being as the square of the depth multiplied by the

breadth, and divided by the span. Thus a beam having the supports 4 feet

wide, and of a size 4x2, has a strength of 8 ; while one of a size 8x3 has a

strength of 48 :

—

4 x4=16x 2 = 32 8 x 8 = 64x 3-192
4 =8

4
48

Again, suppose a beam 8 by 4, the distance between the supports being 4, to

be laid on its edge, its strength will be represented by 64 ; if laid flat, its strength

will only be 32. Thus :—

8x 8 = 64x4 = 256 4x4 = 16x 8=128 nn
1 -64

4
-=32

The proportions here shown (8x3 and 8x4) are well calculated for beams for

flooring purposes, or where they can have cross supports and braces in the manner
hereafter shown; but for single beams, the best proportion for the depth to the

width is as the square root of 2 to 1 : a beam 7 inches deep and 5 wide will meet
this proportion nearly.

132. But the form of the beam is not alone that which regulates its bearing

strength ; the manner in which the load is laid upon it exercises a most im-

portant influence. Thus a beam supported at tho two ends, e d, fig. 10, with

the load on its centre, as at g or /, will bear only half the weight which a beam
a, fig. 11, will sustain with the weight uniformly distributed over it, as repre-

sented by the dotted line g h. Thus a beam with tho load uniformly distributed
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over its surface will bear twice the weight, without breaking, of a beam the

rig. la. load of which is applied at the centre.

133. Again, if the beam be supported at one end only, as

the beam a, fig. 12, in the wall b, the weight acting in the

direction d from the point c, it will only carry one-fourth of

the load which it would do if supported at both ends, as in fig.

10, and loaded in the middle. But in tliis case also, as in

the preceding one, by uniformly distributing the load over

the beam, as represented by the dotted lines e <r, fig. 12, it will

carry double the weight.

134. In beams loaded at one end, as in fig. 12, at e, the strength (s) is in

the proportion of the square of the depth (rf), multiplied by the breadth (b), and

divided by four times the length (/).

d x b

l>I»TKII>tITIU« o

LOAD OH Kill

I x 4

135. On the supposition that the length of the beam a, fig. 12, is 1 foot,

and the weight acting at c 1 pound, the strain at the point b is called a unit

of strain. To caleulato the strain to which a beam is subjected at the point c,

multiply the length (I) of the beam by the weight (u?) ; the product is the strain

at c. The strain at any other point is found by the same formula, the length

from the point b to the extremity c (I)—I xw — the strain. These are termed

units of strain. As before stated, if the beam is loaded uniformly, the strain at

b will be half the strain as when the load is applied at d.

136. Theoretically, if a beam, as c d
y
fig. 10, could be fastened immovably at

both ends, instead of being merely supported, as in practice ; if the load was
distributed equally over it, its strength wotdd bo increased in the proportion of

three to two. If the load was acting in the middle, as at fig. 10, the fracture

would be in three places instead of one. Hence may be deduced the truth, that

a beam supported at different points, as by passing over partition walls, or sup-

ported by stmts or ties, is stronger than if it had no such supports.

137. The horizontal position is the weakest in which a beam can lx> placed
;

as tho beam is made to incline, its strength increases in

proportion to the angle till it reaches the perpendicular,

where it is greatest. The relative strength of beams placed

at different angles may be ascertained thus : Let a b, fig.

13, bo an upright beam ; draw b r perpendicular, and equal

to a b. Incline the beam to the point d, drop from d a line

perpendicular to b c, cutting it in the point e. Tho
strength of b d will diminish as the distance b e increases

;

thus tho strut b f is as much weaker than b d, as b g is

longer than b e. Where the vertical position of a b is

changed to the horizontal one b c, the beam is laid in its weakest position.

The strength of a vertical piece a b is to that of a strut b d as the distance b a
is to b e.

138. Tho strength of a horizontal beam to resist transverse strains is much
influenced by the distance between the supports c and rf, fig. 11. Thus beams
decrease in strength as the distances between their supports increase.

139. Where the load is applied to a l>eam supported at both ends more upon
ono side than another, the strain on the beam is less than if the weight was
applied in tho centre, in proportion as the weight is brought nearer tho end or

point of support. Thus in fig. 14, lot tho weight upon the beam a i, supported

rn of bi«v« ai :

1M -I.IN1I ION
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at the ends by the walls c rf, be acting at the point b, and let the point/ be the

centre of the beam. Multiply the length 14«

c e by the length e a, and square the

length/ a or / b, tho products of these

will show the proportion tho pressure of

the weight e decreases, as it is made to

bear upon the beam nearer the end. Thus,

let the length of the beam a b between

the supports c and d be 14 feet, and the

weight e acting at a point 5 feet from the msmm o* » T birrt>i»T .-cr*™.

end 6, and of course 9 feet from a, then 5x9= 45—7 x 7 = 49 [fV or / a*).

The pressure on the beam a e by tho weight acting at 4, compared with that,

if the weight acted aXf%
is thus as 45 to 49.

140. We have shown (pars. 134 and 135) how the strain is calculated to

which a beam is subjected by a weight acting at its extremity, when the beam
is supported at one end. In the case last given (par. 139, fig. 14) to calculate

the strain at the points a and 6, fig. 14, where the beam is supported at tho

two ends, let the weight represented by the arrow e be equal to 200 lb., and the

length of a b, as before, 14 feet. Multiply the distance e a= 9 by the weight 200,

and divide by the length of the beam, 14, the product will be the pressure sus-

tained at the point b—namely, 128, lb. To find that at the point a, multiply

the distance b e = 5 by the weight 200, and divide by 14, the product is the

pressure required—7 If lb.

141. The same diagram will illustrate the method used to ascertain the units

of strain (par. 135) at other points on the side of that (as e) at which the

pressure is applied. Let it be desired to know tho pressure at the points g and
h. For tho pressure at the poiut g, multiply the weight e = 200 by the distance

oe = 9, and the product of this by the distance b g, say 3, and divide the pro-

duct by the distance 14 between the supports c and d. To find tho pressure

at A, multiply e (200) by the distance b e (5), and the product by the distance

a A, say 4, and divide the amount thus obtained by the distance a b (14), and
the product will be the pressure at the point h. In all cases the weight of the

beam, as part of the load it has to bear, must be taken into account.

142. From these cases and calculations, the truth of our statement (par.

7) will be evident, that beams, to support cross pres- Fig. i&

sures or given weights, do not require to have their
a ^ b

scantling or size uniform throughout their length, but

may be tapered. Thus, for a beam loaded at tho middle,
i

*

the stress not being equal at every point of its length,
c

but decreasing towards the point of the supports, as monincttwim ^
shown in the two last paragraphs (140 and 141), theoretically the form may
be that of a parabola, terminating in the points a and b, fig. 15. In practice,

however, the ends must have bearing-surfaces; for this purpose the ends

d and c may be half the depth of the central point e.

143. A beam supported at one end, and loaded at the other extremity, as by
the arrow c, fig. 16, is as strong when tho under sido is a parabolic curve

from the point a to d, as it would be if rectangular, as shown by the dotted

line a e. Again, the beam hf, fig. 16, with the load uniformly distributed over

its length, as at g, is as strong when the form is a triangle h if, as it would
be if it was a rectangle h ijf.

144. So far as we have gone, the section of the beams has been supposed to

be rectangular, or square ; but by altering the section of a beam it may bo
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Fig. ia.

tucoiiktii:ai. mKU or IICAUS

made to cany a much greater weight. This alteration of the form is much
more easily carried out iu cast-iron than

in any other material ; hence its value in

the construction of beams to support

heavy weights.

145. For the investigation to determine

the form of cast-iron beams best calculated

to support heavy weights, the mechanical

world is again indebted to Mr Hodgkin-

son. These investigations are so com-
plete, and the form deduced from theni so universally adopted in improved con-

structions, that we deem it advisable to enter somewhat fully into a detail of

their peculiar features.

140. In commencing the experiments, it was " assumed that a beam, to bear

the most, ought to have strong ribs or flanges at top and bottom, with only a

thin sheet of metal between the flanges to connect them firmly and stiffly

together. In that case the resisting powers of the beam to compression and
tension would lie chiefly in the flanges, and be as far asunder as possible, giv-

ing to it the greatest attainable power of resistance through leverage." The
form of beam experimented upon at the beginning, was that recommended by
Tredgold, and considered to be the best

;
namely, that in which tho top and

Fif.ir. bottom flanges were of equal dimensions, as at fig. 17 ; which form

having been taken as a good one from " a too common generali-

sation of the fact, that bodies, when not overstrained, offer the same
resistance to tension as to compression." Experiment showed Mr
Hodgkinson that " the bottom flange ought to be larger than the other

;

for the bottom flange was torn asunder, showing that to be the

weakest part." This was found to bo the case when the bottom
flango was increased to double or triple its size ; and an augmentation of

strength was obtained each time considerably greater than the increase of

metal used. In the experiments which followed, the flanges were successively

increased, particularly the bottom one, till bucIi time as the top flange, and the

sheet of metal between tho flanges, were no longer able to overpower the con-

tinually augmented bottom flauge ; for up to that time the strength per square

inch of section was increased. In the nineteenth experiment the top part first

gave way, by the separation of a wedge-like piece of metal ; but it was not till

tho bottom flange at the middle of tho beam was six times as great as tho top

one, and had more matter in it than double the rest of the section. The gain

in strength from tins form of section over tho best of those in common use,

seems to be considerably more than one-fourth of the metal. Tho augmenta-
tion of strength obtained by varying the form of the section at the middle of

• i" nino
i • in.

null

Am of Section of

Item in ii.Jw

Area of Section of Ratio of Section!

of tiie bottom and
top Flanges.

Ratio of Section of

bottom Flange to

that of whole tec

Strength per square
Inch of Section

in lb.

2.82 .7 1 to I ] to 4 2368
2.87 .98 2 „ 1 1 „ 2.9 2567
3.02 1.2 4 „ 1 1 „ 2.5 2737
8.37 1.57 45 „ 1 1 „ 2.14 3183
4.50 2.2 4 „ 1 1 „ 2.05 3.M4
5.00 2.89 5.5 „ 1 1 „ 1.7 3346
6.41 3.31 »> » 1 „ 1.6 3883
6.4 4.4 6.1 „ 1 1 „ 1.45 4076
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the beam, will be bent understood from the preceding table referring to 6ome of

the experiments.

147. In fig. 18 we give a section of the best form of a cast-iron beam

;

in fig. l'J a plan; and in fig. 20 an elevation. It will be observed Tlg 18w

from fig. 19, that in plan the shape of the flanges is not rect-

angular, but that it tapers from the middle towards the ends a a

in the form of double parabolas, with the vertex at the middle.

By this arrangement the quantity of metal in the bottom flange

is reduced without deteriorating the strength of the beam. The
ratio of the strength of this beam, and that with the equal flanges,

as in fig. 17, is as 4075 to 2368.

r»g. 19. rig. sa

I
• roM or

rpi„^ mjU'NLiitfir

ruKil o» cast-

7
ti lw TM>jJii<»T toku or cAHT-iiu.'tc usam »l»va7:ov or pTii(iS(i»t rvn* tir C iHT-tnOM lltlU

148. The transverse or lateral strength of square beams of equal length is

as the cube of their depth. In cylindrical beams their transverse strength is as

the cube of their diameter.

149. In two beams, one square and the other round, the sectional area of

which is equal, the strength of the round to the square is in the proportion of

845 to 1000.

150. If the material of a solid cylinder bo made to form a hollow tube or pipe,

the thickness of which is three-seventieth parts of the diameter, the strength of

the hollow cylinder will l>e to the solid as 2 to 1 ; that is, the strength of the

hollow tube is double that of the solid cylinder.

151. The relative strength of solid and hollow cylinders of equal section, or

containing the same quantity of material, is " as the difference between the

fourth powers of the exterior and interior diameters of the tubular beam,

divided by the exterior diameter, is to the cube of the diameter of the solid

cylinder."

152. The capability of a vertical beam, a, fig. 9, to resist compression, is

not limited to the weight which would crush its fibres, but is considerably

under that amount. This arises from the tendency of the beam to deflect or

bend laterally, so that, as in the case of a horizontal beam, its strength is

regulated by its height : a timber-post should not exceed in height ten times

its diameter. Of two solid cylinders of cast-iron, of equal diameter, but of

which the height of one is 6 and the other 16 feet, the shortest is capable of

supporting 61 cwt., the longest only 22 cwt.

153. Cast-iron columns and pillars are subjected to compression only, but

their strength depends upon certain circumstances, as form, &c. We here give

Mr Hodgkinson's investigations into this subject, as containing some information

calculated to be useful. " 1. It was found that a long pillar, with its ends flat,

and perfectly immovable, was about three times as strong as another of the

same dimensions with the ends rounded, so as to be capable of turning as on a

universal joint. When one end of the pillar was rounded and the other flat,

according to the definitions given alx>ve, the strength was an arithmetic mean
between that of the other two. In other words, if three long pillars lw formed

all of equal diameter and length, and one pillar has both ends made round,

another one end round and one flat, and the third both ends flat, the strength

of these pillars will be as 1, 2, 3 nearly. Some of the pillars with flat ends

c
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had discs upon the ends to give them an increased breadth of bearing ; bnt this,

however necessary in practice, added very little to the strength. 2. A long

pillar with both ends flat, or firmly fixed, has nearly the same strength as one

of the same diameter and half the length, with both ends rounded as above.

3. If a solid pillar bo enlarged in the middle in the proportion of 3 to 2 or

upwards of the diameter of the ends, and taper from the middle to the ends like

frustrums of two cones whose bases are united in the middle, the strength will

be increased more than the weight of the metal by about one-seventh of the

whole. This will be the case whether the ends are rounded or flat. 4. Similar

Pillars.—If long pillars bo cast and turned perfectly similar, the diameter being

to the length in a constant ratio, the strength was found, from a mean of several

experiments, to vary as the 1.865 power of the diameter or any other lineal

dimension. It varies, therefore, nearly as the square, but somewhat lower.

5. If a pillar with flat ends be so placed that the pressure it sustains acts dia-

gonally from the extremity of the diameter at one end to the opposite extremity

of the diameter at the other, the strength is reduced to one-third, as was proved

by several experiments. It is easy to infer that this is a case analogous to that

of a pillar with rounded cnda. 6. Relative Strength of Columns of different

Materials.—Representing the strength of columns of cast-iron by 1000, I found

the strength in wrought-iron 1745, cast-steel 2518, and Danzig oak 108.8, red-

deal 78.5. 7. The properties of columns, enumerated as above, apply to such

only as have the length so great that fracture may be considered as having been

produced wholly by the flexure of the column. They apply, as appears from

my experiraeuts, to all cast-iron columns with rounded ends, in which the

length is more than fifteen times the diameter; and to all with flat ends, in

which the length is more than thirty times the diameter, or upwards. If the

pillars are shorter than this, fracture takes place by flexure, and partly by crush-

ing, and the properties are more complicated than are here described."

154. Although wrought-iron is so much stronger than cast-iron— as shown
in No. 6 of the above paragraph to be 75 per cent—it is not, as might be sup-

posed, better fitted for pillars than cast-iron, where compression is only to be
guarded against. For the experiments of Mr Hodgkinson have proved the

singular fact, that, with a pressure exceeding 12 tons per square inch, it sunk
to any degree, or was permanently compressed—it only regaining its original

length when the load was under this amount
;
while, on the contrary, cast-iron,

although decreased in length about double tho extent of wrought-iron by the

same weight, took twice, or perhaps three times, the crushing weight to pro-

duce the same cfTect—that is, to compress it permanently.

155. From these remarks may be deduced the truths in construction, that

where the crushing force is more than 12 tons per square inch, wrought-iron

for columns is practically useless ; and that for this purpose it should only
be used where it has also a tensile strain to bear, and this greater than the

compressile, as in the case of a hydraulic press, where the pillars sustain not
only the weight of tho entablature, but also the much greater strain produced
by the pump tending to force the entablature upwards. Again, these experi-

ments show the importance of having the ends of pillars perfectly flat which are

to sustain compression, and the loss of strength incurred by having them rounded,
as in the case of tho round and jointed cuds of some construction of cranes.

156. Section Second—Framing and Carpentry.—-In the various species of
construction which the mechanic will be called upon to design, he will rarely

Digitized by Google



PRESSURE ON INCLINED BEAMS. 35

find instances in which a given weight to be sustained can be supported
rig. 21.

VU* Jmi.'JlK UM A

by one resisting part. Where such cases occur, he will have
little difficulty in estimating the pressure which these parts

sustain : thus, in fig. 21, any weight, represented by the arrow

b, pressing upon the pillar «, exerts obviously a pressure equal

to the amount of the weight ; and the dimension of the pillar

is resolved by a single calculation, having reference to the nature

of the material of which it is composed, and of the peculiar

strain to which it is subjected.

157. But suppose the same weight or pressure, represented by b,

fig. 22, to be sustained by two supports, a and c, the united pressure

on the pillars d and e will not be, as might naturally be conjectured,

equal to that sustained by the single pillar a, in fig. 21, but will be much greater,

and that in proportion to the extent of the stretch or distance between the ends
of the supports a and c. ThuB, under the same circumstances, the united pres-

sure sustained by the pillars /and^r will bo greater than that sustained by d
and e. The pressure b orj, being

dependent upon the angle, or rate

of inclination of the supporting

pieces a and c or h and i, it is ob-

vious that where, in a framing,

one piece is at a different angle

from another, as m is different from

n, the pressure o sustained by the

pillars k and /, on which they bear, will be different in amount.

158. From these statements it will be seen that, as by a slight alteration in

the form or position of the pieces tlirough which a pressure is communicated to

other parts, this pressurn will be increased, so that a small weight may be made
to give a great pressure

;
and, moreover, as, by changing the relative positions

of the pieces, as wi and n in fig. 22, one part / will have to sustain a greater pres-

sure than another fc, it is a matter of importance

to the mechanic that ho shall be able to estimate

the amount and direction of pressures which oblique

sapports have to sustain. To aid liira in this is the

object of the following remarks.

159. Suppose a body, a, fig. 23, is pressed by
a force represented by the arrow h, it will have

a tendency to follow the path a b ; in like man-
ner, the same body, pressed by a force e, will

move in the direction a d. If, however, the body be pressed by the two forces

e and h with equal intensity and at the same time, the path will be in the direction

of the line a c
;

this, in fact, being the diagonal of a square, of which the side

a d is equal to a b. But if the force h is twice the intensity of e, the diagonal will

be in the direction a g ; and a parallelogram would be formed, of which the side

dg would be equal to af and twice the length of a d. The two forces acting, one

in the direction of a 6, the other in the direction of a <?, are called the compo-

nents, and the diagonal a g the equimlent, or resultant. The hues a /,

/ g, g d, da, compose what is usually known as the parallelogram offorces.

In the diagram given, the force acting in the direction of tho diagonal a g would

be equal to the two forces h and e ; and the method of finding the amount of this

force a g, to balance the two other forces acting in different directions, a d and

rig. a.

riiiAij r :.ou kjlU cr fOKct*.
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»l*TIlOa TO ABCIRT«OC TH* J fUtS-

a f is called the composition of forces ; while the reverse operation—namely,

finding two forces which, acting in different directions, as a d and a /, will

exactly balance any single force acting say in the direction a g—is termed the

resolution offorces.

160. Upon a right understanding of the laws relating to the composition and
rig. s«. resolution of forces, depends the scientific arrangement of

framing, whether required for the purposes of arcliitecture

or engineering. Let us exemplify their application to

practical purposes.

161. Let the weight represented by a, fig. 24, be equal

to—say 8 tons. Drop a perpendicular, a 6, which would
a be the direction in which the weight would fall if left un-

supported by the two beams a c and a d. From a scale of

equal parts make a b equal to the weight 8 : thus, if a

scale of inches bo taken, a b should be made 8 inches ; if tenths, 8 one-tenths,

and so on. From the point b draw, parallel to a d, a line bf cutting a c in f.

Measure af from the same scale of equal parts from

which a b was taken, and the distance thus formed
will be equal to 5 tons. As the inclination of the

two pieces is equal, the distance b e will be equal to

hf and the pressure equal also. Taking the sum
of the two pressures, 10 tons, it will be found that

the weight a exerts a greater pressure upon the two
pillars c and d, than it would if simply pressing upon
the pillar a in the direction b, fig. 21.

162. To show how the united pressures increase

as the angle of inclination decreases, or the distance

between the extremities, c and rf, of the pieces a d
and a c increases, let us investigate the cases shown
in fig. 25. The weight a is the same as in last

case, 8 tons. Make a b, as before, equal to 8,

taken from the same scalo of equal parts. Draw
b e parallel to a c; measure a e, and it will be
found equal to 5^ tons. As the distance a f is

equal to oe, the pressure the weight a exerts

upon the parts d and c is 11 tons, which is greater

than in the assemblage in fig. 24. In the lower

diagram of fig. 25, the weight exerts a pressure

still greater than in either of the two last cases,

the distance between the points g and h being

greater than between c and d.

163. Take, again, the case as in fig. 26, where the angles which the lines a e

and a/make are unequal, and where, as before stated, the pressures are also

unequal. Let the weight be 8 tons as before ; draw a 6, and make it equal
to 8. From b draw, parallel to a f the lino b c, and, parallel to at, the line

b d. Measure a d and a c—a d will give the pressure on the support /, 6|
tons, and a c that on the siipport e, 5 tons ; the two together giving a united

pressure of 11 J tons.

164. The length of the piece a e, fig. 26, has no influence on the relative

disposition of the pressure, but the compressile force to which a e is subjected

depends upon the length; this must be taken into account, and the size

increased in proportion to its length. (See par. 166.)

¥lg.M.

MATtOH Of TWO 1I11M
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165. These examples we have given come under the head of the " resolution

of forces," finding two to balance one, the two acting in Fig. 27.

com-

ciHinTiou *hd motnrr of c

roRc* io snaTAiM two

different directions. We shall now exemplify the

position of forces," finding one to balance two.

166. Let a 6, fig. 27, be a piece of timber pressed with

a force of 12 tons in the direction of a b; and c 6, another

piece, acted upon with a pressure of 8 tons in the direction

c b. It is required to find a force which will balance these

two, and the direction in which that force shall act. From
the point b continue the lines c b to d, and a b to e. Make,
from a scale of equal parts, b e equal to 12 (the weight
pressing upon a 6), and b d equal to 8 (the weight pressing

upon c b). From d, parallel to b e, and from parallel to

b d, draw the lines df and e /, meeting in the pointy and
completing the parallelogram d f e b. Draw the diagonal

b /; this will be tho direction irr which a piece of timber

g must be placed in order to sustain the two pieces a b and
c b ; and the size of which must be proportioned to the strain which the two pieces

exert on it. The amount of Uiis strain will be found by measuring the length of the

diagonal 6/ in the scale of equal parts, from which b d and b e were measured.

167. In fig. 28 the weight represented by a exerts a pressure upon the pieces

a b and & c in the direction of their length. fi*. »
Supposing them to bo resting on a com-

paratively smooth floor, the tendency of

the pressure would be to cause the ends b

and c to slide outwards, and to become further

separated. On the supposition, however,

that the ends b and c rested on walls b and c,

preventing tho ends from separating as be-

fore, tho tendency of the weight a would

be to press the walls b and c outwards. The
amount of the strain thus exerted on tho

walls, tending to tlirust them outwards, is

also easily ascertained by the principle of tho parallelogram of forces (par. 159).

168. For, let af, fig. 28, represent tho amount of the pressure of the weight a.

Complete the parallelogram a gf //, and from the points g and h draw a line at

right angles to a f. The distance g i or h i gives the amount of the horizontal

pressure at the foot of a c or a 6, tending to thrust out the walls.

169. This horizontal pressure may be ascertained by another method.

ocra-Aiin ow LjkTtn»T. mxrir om walls ;

Con-

rtg. a.tinue the central line or axis of one of

the beam8, as a 6, fig. 28, to the point

j, and make b j equal to tho amount
by which a b is pressed. Complete

the parallelogram b k j m: the dis-

tance b k will lie the raeasuro of tho

horizontal pressure.

170. Where an inclined beam a

b, fig. 29, rests its extremities on

the walls b c and a rf, and is pressed by a weight as in the direction of

the arrow, it exerts a pressure on the wall b c in tho direction of its length.

But where the beam is uniformly loaded tliroughout its length, as in the case

of a roof, the direction of the pressure is estimated differently.

tnt rueanvnn o* biamu ONtroaut.T loaeko
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171. Thus, let e be the centre of gravity of the beam (in regular prisms and

cylinders this is in the axis of the beam and the centre of its length).

Through the point e, parallel to a d, draw the line c /; at right angles to this

from a, draw af, and join / b. The direction of the thrust or pressure is in the

line / b. To ascertain the amount of this pressure, make /g equal to the

number of tons, pounds, &c, with which the beam a b is loaded ; from g,

parallel to a f, draw a line cutting/ b produced, at h. Measure the distance from

/to A, and tliis will give the amount of the pressure on the wall b c, while g h

will give the amount of pressure on the wall a d.

172. The same operation is applicable evidently to the caso of two in-

clined beams uniformly loaded, as a b and a k, a h being shown by the dotted

lines.

173. Wo have hitherto shown the application of the composition and resolu-

tion of forces to cases of framing, where the pieces are equally inclined to each

other after the manner of roofs ; we shall now illustrate its application to cases

where the pieces have different relative positions given to them.

174. Thus, to estimate the pressure sustained by the pieces a b and b c
y
fig.

30, the weight acting from b in the direction of g, make b d equal to the weight

represented by g. From d, parallel to a b and c b, draw d e and df, completing

the parallelogram bfde, and draw the diagonal / e.

The distance b /, taken on the scalo of equal parts, will

show the strain sustained by the piece a 6, and .the dis-

tance b e the strain on tho piece b c.

175. To ascertain the pressure sustained by the
" guy" a b c, and tho leg a b of the shears for lifting

heavy weights, as b e in fig. 31, make bf equal to

the weight represented by e from b, and draw / d
parallel to b c ; the distance f d will give the pres-

sure sustained by b c, and b d that sustained by
b a.

176. All pieces in framings subjected to compres-

sion are called struts, and those subjected to tension

tics. We have already pointed out, in par. 16-19, the

necessity of an acquaintance on tho part of the me-
chanic with the offices the various members of a

framing are designed to perform, so as to be able to

distinguish between those acting as struts and those

acting as ties. The following is a method of geome-
trically ascertaining tliis difference.

177. Note the direction in which the straining force

or weight acts, and in which it would fall if unresisted
; the weight repre-

sented by g, fig. 30, for instance, would fall in the vertical direction b g. The
sustaining forces are in this case a b and b c. On tho hue b g of the straining

force make b d equal to tho weight g, and complete the parallelogram of bf d e.

Draw the diagonal/ e, and from the point b draw a line parallel to it, h i. The
part b c being on tho side of the line h i, which the weight would occupy if

allowed to fall, is a strut, and is compressed ; while the part a b, being on the
eido of the lino h i opposite to the direction in which the weight g would
fall if unsupported, is a tie, and is in a state of tension.

178. Thus in fig. 31, produce c b to g, and complete the parallelogram b dfg ;

then draw the diagonal dg, and through the point b draw a line d h parallel to d g.

Tho part b a being on that side of the line d h U) which the straining force e has

DISTINCTION l,r BlllCtS

Fiann-jHr cm lut r»r.iM »» >ur>:m
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PRINCIPLES OF THE TRUSS. 3a

a tendency to fall, is performing the office of a strut, whilo b c is performing that

of a tie, being on the other side of the dividing line d h. In fig. 28 the lino

p r is the dividing line, and the two pieces, a b and a c, constituting the

framing, are both acting as struts.

179. Another rule to ascertain a " strut" from a " tie," is to note whether one
of the sides of the parallelogram of forces (constructed as already explained in

par. 159), as say d f, fig. 30, parallel to one of the pieces c 6, cuts the other

piece a 6, or whether it cuts a hue produced from it. If it cuts tho line pro-

duced from it, as at/ the pieco a b is a tie ; if it cuts the piece c b itself—as is

done by the line d e of the parallelogram bfd e, at e, the piece c b then performs

the office of a strut. " To this rule," the author of the celebrated article ou
Carpentry in the Encyclopaedia Britannica, who gives it, says, " there is no
exception." " In general," the same author continues, " if the straining-piece

is within the angle formed by the pieces which are strained, the strains winch
they sustain are of the opposite kind to that which it exerts. If it be pushing,

they are drawing ; but if it be within the angle formed by their directions pro-

duced, the strains which they sustain are of the same kind. All the three are

either drawing or pressing. If the straining-piece ho within tho angle formed
byone piece and the produced direction of the other, its own Btrain, whether com-
pression or extension, is of the same kind with that of the most remote of the

other two, and opposite to that of the nearest."

180. As a readymeans in many cases to ascertain whether a pioco is perform-

ing tho office of a strut or tie, it may be considered whether a rope could be
substituted for it : if it coidd, tho piece is acting as a tie ; if a rope could not bo
substituted, it is performing the office of a strut. Thus an inspection of the

arrangement in figs. 30 and 31 will show that ropes could be easily substituted

for the parts a b, fig. 30, and c b, fig. 31, but that they could not bo used for the

parts c 6, fig. 30, and a b, fig. 31.

181. In roofs, the horizontal pressure tending to thrust out the walls, as in fig.

28, is removed by connecting the feet of the beams a b and a c by means of a
horizontal beam in the direction of b o c. By this arrangement the pressure of

the assemblage of beams on the walls is vertical, and is equal to their weight
and that of the materials which they support.

182. Three such pieces, a 6, b c, and c a, fig. 32, constitute what in framing is

termed a truss. In par. 1 1 we pointed out that the strongest known figure was
that of a triangle, which could only change its form when r^. 33.

the pieces of which it was composed, and the joints by
which it was put together, gave way, and that conse-

quently its stability is dependent upon the strength of the

materials.

183. This triangular truss, a b c, fig. 32, constitutes

the essential feature of allframing ; and its absence in any
framing so called, is at once evidence that tho arrange-

ment is defective in principle.

184. It is of all forms the most perfect, as the strainB wliich it imposes on

the materials of which it is composed, are such as they are best calculated to

bear. Thus, in the case illustrated in fig. 32, the pressure on the beams a b and
a c is similar to that exercised on the column o, fig. 21 ; that is, it tends to com-
press them in the direction of their length, as shown by the arrows, and has

no tendency to bend or causo them to swerve from their line—so much so,

that each beam might be made up of small pieces, as shown, without destroy-

ing the integrity of the arrangement. Tho pressure being thus, tends to force

Taiciutic«L
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tho lower extremities of the beam asunder ; but being connected by the tie-

beam d, this tendency is only to tear asunder the tie-beam in the direction of

its length. And as the pressure on the tie-beam is tensile, its place can be

taken by a ropo or chain.

185. Hence, in the construction of a roof to resist a purely vertical pressure

acting at the point a, fig. 32, all that is essential is the truss a b c ; care being

taken to choose materials strong enough to resist compression or crushing for

the parts a b and a c ; and for the part b c, a material strong enough to resist ten-

sion or drawing asunder. Also, to proportion the pitch or inclination of the roof

to the material of which tho beams a b and a c are made ; for that which is calculated

best to snpport a compressile strain, will require to be placed at a higher incli-

nation than tho material best calculated to support a tensile strain. Thus,

where the beams a b and a c are made of cast-iron, the pitch or inclination will

requiro to be made higher than if wrought-irou was used.

186. In some cases, as in machine framing, the weight to be supported may
bo vertical, as in fig. 32 ; but in roofs where tho load is uniformly spread over

the length of the beams, we havo to add certain contrivances, the aim of which
is to transfer to, or concentrate at the point a, or apex, fig. 32, of the triangle,

all tho load spread over the beams a b and a c. For it is to be noted that the

triangular truss a b c is, in strict principle, only fitted to resist a load at the

apex acting vertically.

187. Thus, connect the apex a of the truss, fig. 32, with tho centre of the tie-

beam d, by means of another pieco, shown by the dotted line a d. This will bo
subjected to a tensilo strain ; and its lower extremity d will afford us starting-

points from which wo are enabled to carry up other pieces, as d e and df to

support tho beams a b and a c, say in tho middle of their length, or at any part

where the strain is greatest. The pieces d e and df arc struts, and resist com-
pression; and being on each side of the piece a </, they exert an equal pressure

on it.

188. But the beams a b and a c may be of such length that more supports will bo
Fig. as.

required than de and df. Other struts will then be necessary, and their pressure
must also be transferred to the point a. How this is done is illustrated in fig.

33. From the extremities i i of tho struts h h drop tensile pieces if if corre-

sponding to a d. The foot of these will give bearing-places for other struts m m,
the extremities, k k, of which are connected with the tie-beam by other tensile

pieces g g.

189. The pressure of all these struts is transferred thus to the point a. The
strut k m presses against the foot of tho tensile piece /«', tending to draw it

downwards. This pressure, and that of the beam at the point i, is transferred to

the strut d h i, which, pressing on the foot of tho tensile piece a d, tends to pull

down the point a.
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190. Should further subdivision of the length of the beams a b and a c be

deemed necessary, struts may bo carried up to points I L, bearing on the tensile

pieoo a d near the point d. Other struts may also be used, springing from g g
to the points * s.

191. It is only at the central tensile-piece a d, fig. 33, that two struts can bo used,

a* at the point d, for ono being on each

side, their pressure is counterbalanced.

A stmt at any of the other tensile-

pieces as a by on the second tensile-

piece c d, fig. 34, is altogether wrong,

for its only tendency would be to push

out in the direction of the arrow, or

bend the piece c d. And it is an axiom
in true framing that no tendency to '

bend a material should be allowed, un- tw.-».«, ^jj n« spa*. .Cai* \ .«cu to *«« foot

less counterbalanced or resisted.

192. In order thus to proportion the strains of the various parts of a framing,

it is advisable to design it in straight lines such as we have indicated in the

diagrams illustrative of tins Bection ; so that all junctions may be made, and
made visible to the mechanic to meet in a single point. Tliis will also facili-

tate the adoption of the principle of the composition and resolution of forces, in

order to estimate the amount and direction of the pressures to which the various

parts are subjected, and from these data to calculate their scantlings or sizes.

DIVISION THIRD.—PRACTICE OF CONSTRUCTION.

193. Section First.—It seems here necessary to premise, that although this

work refers specially to the construction of implements and machines, a know-
ledge of imparting stability to the foundations of the walls and to the beams,

joists, and floors of those parts of the buildings which accommodate the machi-
nery, is as necessary to the mechanician and the farmer as the construction of

the machines themselves, and to this subject we first devote our remarks.

194. Foundations.—It is impossible to over-estimate the importance of a good
foundation, for on its being carried out in a proper manner depends obviously

the Btabdity of the superstructure. The term " foundation " has a twofold

meaning, having reference, first, to the preparation of the ground on which the

materials rest
;
and, secondly, to the arrangement of the materials forming the

lower part of the substructure resting on the ground so prepared. Our
remarks, therefore, are naturally divided into two classes— 1. The choice

and preparation of the ground ; 2. The arrangement and construction of tho

''footings," by which namo the lower part of walls is designated.

195. Choice and Preparation of the Ground.—Tho best foundations are in

compact gravelly Boils. This soil is incompressible, dry, little affected by tho

atmospheric influences, and yields very little laterally. In a soil of this kind

the foundation is easily formed ; all that is necessary is to dig a trench con-

siderably wider than the width of the walls of tho building, and of depth not

lean than 3 feet. In somo instances, a soil of this kind may not bo uni-

formly good, but may present places where the soil is defective, being soft and
yielding. When these parts are met with, a simple method to secure a good

foundation for structures of no great weight is to dig out tho bad earth till
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good is met with, filling up tho holes so made with sand ; or the patches of

yielding soil may be rammed well up with layers of small broken stones, as

angular in thoir form as obtainable. The more firmly these patches are rammed,

the better.

196. In the preparation of foundations in compact clayey soils, great care

must bo taken, as they form treacherous foundations in consequence of their

being so subject to atmospheric influences. Thus a blue shale may be so difficult

to work as in some cases to require blasting with gunpowder, yet so susceptible

that in a short time the influence of the atmosphere may reduce it to a thin

sludge. In soils, therefore, of this nature, it is essentially requisite to secure

the foundation from the action of the air. To attain this the trenches should

be dug deep, if possible, to roach the sound compact substratum ; the depth

should not be less than 30 inches. Before commencing to lay the bottom-

courses of the walls, a layer of concrete should be laid along the trenches. The
preparation of this material, and the advantages obtained by its use, will bo

described in par. 202.

197. Firm compact beds of sand form good foundations, but only in circum-

stances where tho sand has no tendency to move laterally—that is, slide from

under the foundation. As this lateral tendency cannot in all cases be traced,

and as, however firm an examination may show the soil to be, the action of

springs, or even of surface water, may give at any time this lateral tendency,

it is deemed advisable, in the majority of cases where sand is met with, to adopt
special arrangements. These are as follows :

—

198. First, simply extend tho bearing surfaces on which the walls rest.

This is easiest done by making the trenches considerably wider than the width
of intended wall, and laying broad and thick flagstones on the surface of tho

trenches. The width of tho stono for a single-storied building should be such
as to project a foot beyond the lowest course of the wall—the thickness of

the flagstone 3 inches. If the building is to have two stories, add 3 inches

to tho above breadth and 1 inch to the tliickness. It is of essential importance
that tho stones should have a fair and flat bedding, to prevent unequal settle-

ment. In some cases this extension of bearing surface is given by laying a
platform of wood on the sand forming the foundation, this being confined with
walls of masonry or brickwork. A much better plan, however, is to dig sub-

sidiary trenches, completely surrounding the main trenches. The main trenches

are filled up to the level with concrete, and tho subsidiary trenches also. These
subsidiary trenches should be deeper than the main trenches. By this arrange-

ment the sand is greatly prevented from sliding laterally from imder the founda-

tion-courses. In some cases a firm unyielding soil is found below the bed of

sand on which it is proposed to build. In this case piles may be driven down
to the solid soil, and the whole of the piles sawn ofT level. A timber platform

may then be put on the piles, on wluch to rest the superstructure. If possible

to be carried out, the better plan will be to dig out the sand, filling up the
spaces with concrete or beton.

199. To secure a good foundation in soils of a very soft, yielding character,

having a tendency to lateral displacement in almost every direction, it will be
necessary to surround the whole area of the foundations with a row of piles

driven close together, the heads of the piles sawn off at a level, and to spread
over tho surface of the soil enclosed by the piles, and over the soil, to some
distance beyond the piles, a layer of concrete or beton.

200. In commencing work on the most secure, yet the most difficult class of

foundations to work, namely, rock, care should be taken to level all the
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trenches perfectly throughout, to fill up all rents either with concrete or

masonry, and specially to noto that the trenches are deep enough to get rid of

all portions which have been subjected to the influence of the weather. Where
the ground is unequal, the foundation will require to be " benched out," or cut

into a terrace form, as it were. Where the level of these benches varies much,
to insure equal settlement of the superstructure, it is recommended to have the

whole built up to the same level by courses of masonry.

201. In digging foundations the material should be economically dealt

with ; that is, the u sod " should be cut carefully off, and removed to some dis-

tance ; the same with the surface-soil or mould. Sand, if met with, should bo
retained for mortar, gravel to make concrete with, and clay for puddling pur-

poses. The digging should commence and bo carried out, so that, when the

excavation is finished, the floor may be as uniform and undisturbed as possible.

The whole should then be carefully gone over with a rammer, and the unsound
parts excavated, and filled up with concrete or sand. Sand used in this way
possesses many advantages, in cases when) it is not allowed to slide laterally.

Indeed, where this lateral movement can be prevented, sand is recommended
in preference to wood for piles, inasmuch as it is capable of yielding and
assuming now positions according to the pressure—the lateral pressure which
it exerts tending to relievo the vertical on the bottom of the trench.

202. Concrete is a compound of Ume finely pulverised, gravel or broken

Btones—the more angular the better—and sand. The whole must be mixed
up near tho spot where the concrete is to be used, as it sets very quickly. Tho
proportions of this compound vary with the locality, and with the practice of

engineers. The lime must bo fresh burned, and pulverised without slacking.

A proportion adopted in London is five parts of gravel and sand to one of lime.

The materials are thoroughly mixed up whilo dry, and a Little water is then

added to bring the whole to tho consistence of mortar ; it is then quickly worked up
with a shovel, and applied. In filling in foundations, it is considered by some
a good plan to " toss " in the concrete from some height, as it tends to consoli-

date the mass. A contrary result may, however, bo apprehended, as it tends, we
think, to separate the constituent parts. When first made, the bulk of concreto

is less than the bulk of the materials of which it was composed ; but the mass
ultimately expands, in the proportion of nearly half an inch in height for every

foot of depth.

203. In some instances concrete is applied in blocks as a building material,

but both in durability and transverse strength it is very deficient. Away
from atmospheric influences, such blocks may be used in the interior of thick

walls. As a material for securing a good foundation, and for the prevention of

damp, it is exceedingly valuable, and is deservedly in high repute.

204. The term beton is applied to any mixture of hydraulic lime with frag-

ments of brick, stone, or gravel. The most economical mixture, and one which
is very good, is broken stone or brick, in fragments of the size of pigeon-eggs,

with coarse and fine gravel. In preparing beton, the lime is first prepared,

with which is next incorporated tho finer quality of gravel used. This is then

spread out where required to a depth of some 4 or 6 inches, over which tho coarso

gravel and broken fragments of stone or brick are then strewed, and the whole

brought to a well-mixed condition with water by the spado or the lime-hoe. Boton

is superior to concrete, especially for foundations under water, or in wet soils.

205. We shall give a few of the proportions usually adopted in making
mortar and hydraulic cements—that is, cements calculated to harden under

water. Mortar is a combination of lime and sand. Lime, in its ordinary state
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of carbonate, is useless for building' purposes ; but when burnt, a new sub-

stance is produced, which has a powerful affinity for water : this new sub-

stance is termed an oxide of calcium. When water is added to this, a hydrate

is formed, which, when combined with sand, forms a new substance again

—

namely, a silicate The office winch the sand performs is simply to act as ncuclei,

round which the crystals of carbonate of lime, and the portions of silicate which
are formed, may arrange themselves. Sand, therefore, must not be rotten or

friable
;
moreover, it must contain no salt calculated to make the lime soluble

;

hence the use of sea-sand must bo avoided.

206. The sands used for the preparation of mortar are generally classed as

pit, river, and sea sands. Of these, river-sand is generally considered the best,

pit-sand being dirty and sometimes friable ; while the sea-sand is objectionable

for the reason stated in last paragraph as also from walls built with it being

peculiarly liable to atmospheric influences, soon showing damp, arising from the

affinity salt has for moisture. A mixture of coarse and fine sand is lietter

than sand of equal fineness. For good mortar, the proportion of lime to sand
should be two and a half of sand to one of lime.

207. Pure lime, when reduced to a paste by the addition of water, has no ten-

dency to harden—the lime, after the water has evaporated, returning to its

original dry condition. Different effects are produced, however, on different

limes by the addition of water: thus in some, termed "rich or fat limes," the

bidk is much increased ; in others the bulk is very slightly altered. These last

are termed " poor" or "meagre" limes, and are those only which, in combination

with silica, alumina, and magnesia, have the power of hardening under water.

Tins combination of poor limes with silica, &c. is called a hydraulic mortar

or cement.

208. There are various methods of forming tins species of cement. Smeaton's

mortar, as used at the Eddystone Lighthouse, was " composed of equal parts of

Aberthaw liino, in the state of hydrate of lime in fine powder, and puzzolano

also in fine powder, well beaten till it had acquired tho utmost degree of tough-

ness." Puzzolano is a volcanic concrete thrown up from Vesuvius ; it is so

named from the town Puzzuoli, where it was first found. An artificial puzzolano

is prepared by burning clay. The cement or hydraulic mortar used by the

Romans was composed of two parts of puzzolano to one of lime. Tho facing

of the London docks was cemented with an excellent mortar, composed of four

parts of lias lime, six of river-sand, one of calcined limestone, and one of puzzo-

lano. A good hydraulic mortar may be composed of two and a half parts of

burnt clay to one part of blue lias lime, to be pulverised betw een rollers, mixed
and used immediately.

209. What is known as Roman cement is made of tho masses found within

the upper and lower beds of the Lias formation, of which the blue limestone

forms the main feature. These masses aro known as " septaria," and are burnt
with coal. Parker's cement consists of forty-five per cent of clay to fifty-five of

carbonate of lime.

210. We may here observe, that any linio that is used on a farm for the purpose
of steeps for grain or for mortar, gets leave to he about in the most careless

manner, either under a shed, or at some place contiguous to water, where it

had been made up into a mortar. In either case there is waste of a useful

article ; and in many parts of the country, where carriage is far distant, it

is a high-priced article. The lime that is to be used in a dry state should be
kept under cover ; and all that is required in a season could bo held in a cask

or small hogshead, to stand in a corner of the cart-shed, but not in the straw-
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barn, where a little damp may cause it to ignite the straw. With regard to

mortar, no more should be made at a time than is used, or it shoidd be carefully

heaped together in a convenient place, and covered with turf.

211. Puddling is a very simple process, and may bo performed in this man-
ner : Let a quantity of tenacious clay be beaten smooth with a wooden hammer,
mix with it about one-fourth of its bulk of lime (slacked), which has the effect of

deterring worms from making holes in it. After the mass has lain for some time

souring, let large balls of it be formed, and thrown forcibly in the bottom of

the space required to be puddled, and well rammed down with a wooden
rammer, or with men's feet. This should be repeated till the space is filled up.

212. Stone Footings.—In the construction of footings, the great object is to

give a wide base, to which the vertical pressure of the walls is to be transferred,

greater stability being thus given to the structure by diffusing its weight over

a larger surface. The width of the base will obviously depend upon the nature

of the soil in which the foundation is made—rock of a firm stable character

requiring the minimum, soil of a loose and yielding nature, the maximum breadth.

213. The proper thickness of the wall begins usually at the ground-level, the

space below, in the foundation-trench, being

devoted to the footings, which spread out

the farther they proceed from the ground-

level line. Two methods are in use for form- ~-

ing the footings of stone constructions, as

exemplified in fig. 35. In one method, the W/M
lower courses are so made as to form what
is called a "set-off," this foeine formed by

/ ° - •TOK« rootl>iO»—«C*1.», { WCU TO TBI POO*.

one course, as c, being narrower than a, and
b narrower than c, the wall a narrower than b. The other method consists in

giving a uniform slope or batter, from g to /, to the footings, upon which the

wall e is raised. Tins presents a smaller volume of material than the method
at b c d, with an equal stability. The breadth of each set-off, where used,

should not exceed 4 inches.

214. The largest sized stones are used for the bottom course ; and the thick-

ness of stones used for any course should be uniform. The more perfectly

levelled the surfaces are the better. If obtainable, stones of size sufficient to

go across the foundation should be used. When, for thick walls, all the stones

cannot be obtained of breadth sufficient to reach across, the place of every second

stone should be taken up with two shorter

blocks of the Barne width and thickness.

Thus, in fig. 36, let a, 6, and c represent

the longest, and defg the shortest blocks.

Another method is also illustrated in fig.

36. where the longest stones, as h j I, are two-thirds of the thickness of the wall

;

aud the shortest stones, as i k m, one-third. The method of disposition is shown
in the diagram. The joints of all the stones should be so disposed that the joints

of one course will fall upon the solid parts of the course below, as the joints of

n n rest on the solid parts of the stones o and o. This is called " breaking joint."

215. Where the soil is somewhat compressible, and the stones cannot be

obtained with straight surfaces, a plan of forming the foundation is thus recom-

mended : Make the first course with the smaller blocks, well bedding them into

the soil or on the concrete ; form the next course with the large blocks, binding

the smaller stones together, and spreading the weight uniformly over them.

216. The largest stones should be used for the angles of the foundations, par-

Fig. 36.
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ticular care being taken in bedding them ; and wherever the soil is liable to mois-

ture, hydraulic cement should be used for the joints. As in walls the pressure

is nearly always vertical, the surfaces of the stones to winch this is transferred

should be horizontal, carefully levelled, and presenting no angular points. The
stones of the upjwr course, as b, fig. 35, should be so arranged that the first

course of the wall a shall rest on the outer stones.

217. Brick Footings.—In brickwork, when a brick is placed with its side

Fig. 87. parallel to the length of the wall, as a, fig. 37, it is called a
" stretcher

;

" when its end is parallel, or its side at right angles

to the length of the wall, as b, it is termed a " header." In forming

brickwork footings, it is advisable to have all the outside courses

headers, as b. The benefit derived from attending to this is obvious

enough on examining the diagram in fig. 37. For, let the line c d re-

present the outside line of the succeeding course, then it is obvious
B T HE T <

' LI ft H * *—
'

*

(wow.) that the brick a (stretcher) sustains the pressure of the superstruc-

ture over half of its surface only ; while the brick b (header) sustains it over

nearly threo-fourths of its surface. We have already shown that the more uni-

formly (Strength of Materials, par. 133) a weight or pressure is distributed over

!

Fig. 38.
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a material, the greater the weight which it can supjx>rt.

Thus by increasing the width of the offset of the footing,

as say to the line e /, the bearing-surface of each brick

b and a is much reduced.

218. In fig. 38 we give a sketch showing the arrange-

ment of brick-footings adapted for a 14-inch wall a b,

with the footings c d, e fg, h ij. In fig. 39 we give the

plan of the footing h i j, f e being the breadth or thick-

ness of the wall, the length being in tho direction e g.

Make the set-off equal to half the width of a brick, or 2^- inches, this will give

the lines a d, a 6, and d c ; these two last being, of course, continued as long

as the wall. Fig. 40 shows the arrangement of the

course efg in fig. 38, the width of which b d corre-

sponds to the width a d in fig. 39. This course is made
up of two rows of headers g and h

y
placed on each side of

stretchers e and/* Setting off as before the distance of

half a brick breadth, tho lines j k, j i, and k I will be

obtained, j i and k I stretching along the wall. Fig. 41

is the plan of the course c d in fig. 38, the line j k cor-

responding to j k in fig. 40. In this course there are two
/ rows of headers, placed end to end. Set off as before,

^££7^^£r"~2$ inches, and tho lines b d, b a, d c, will be obtained,

Fig. 39.
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giving the space for the wall as a b in fig. 38. Of this course a b c d, fig. 42, is
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the plan composed of headers and two stretchers. If the reader would take

tracings of all these sketches, figs. 39 to 42 inclusive, and superpose fig. 40 on

fig. 39, and fig. 41 on fig. 40, and fig. 42 on fig. 41, ho would find that the joints

of all the bricks of each course would lie against the solid parte of the bricks

in the course immediately beneatli, just as shown in the section in fig. 38.

Should a 9-inch wall be required, as shown by the dotted lines k m in

fig. 38, the bricks will be laid as in plan ij k /, fig. 42 : i will correspond

with hf, i I with/ tf, andj k with h g.

219. Where solid foundations are required for pillars, as in the case of a

large roof covering a stackyard, &c, fi*. «.

ami where the ground is of a soft

yielding character, the plan of turn-

ing inverted arches might be adopt-

ed with advantage, as shown in fig.

43, where c and d are the bottom

blocks for supporting the pillars or

columns a and b, and c / is one of -U=^£SC.'z^UdlllJ,
the inverted arches. K->^3dd^S^d3S~~>i

220. Stone Masonry.—The two •«•»»»««• > * k^;.,:.,,-*^,
j

; u . ™T

principal kinds of stone masonry are "ashlar" and "rubble." Ashlar con-

sists of stones cut and dressed to specific sizes ; it is the strongest method
of building, although, from the expense of dressing the stones, it is not so often

followed. The front or outside of an ashlar wall is termed the faco, as the inside

is termed the back : the stones composing these are, therefore, styled the

facing and the backing. Where the courses—that is, the horizontal layers of

the stones—are of regular and equal thicknesses, the style of building is

called regular coursing ; if of unequal thicknesses, irregular or random. The
upper surface of each stone, as it lies on the course, is called tho "bed;"
and the method by wliich the connection is made between the different stones

is called the " bond."

221. For ashlar-tvork the stones are generally from 28 to 30 inches long,

12 to 18 wide, and 5 to 9 inches thick. The sizes will depend upon a

variety of circumstances; but, as a general rule, the breadth should never
be less than the thickness, and never exceed twice this dimension — the

length of the stone not exceeding three times its thickness. Every care

should bo taken to have the Btones well dressed ; tho closer they fit together,

the better the work : unequal settling will certainly residt from unequal sur-

faces, if not actual fracture of tho stone from the unequal pressure on tho

different points. All the surfaces should be at right angles to the direction

of the pressure. The practice so often adopted by scamping workmen of

dregsing the stones a few inches from the face, should be carefully avoided.

^Y^len this plan is followed, voids or empty spaces will be left, as fi«. u.

a b in fig. 44, and unequal settling, and possibly fracture of tho

atones at the joints wilt be the result. Where tho backing of an
ashlar front is of rubble, this tapering-off of the blocks to the

back is recommended as affording a good bond between the facing

and tho small stones composing the rubble backing; but even in

this case the stones should be dressed as far back from the face at

least as a foot.

222. Bond in stone-work is obtained generally by the system of header and
stretcher, by which the vertical joints of one course fall over the solid parts of

the stones above and bolow—"breaking joint" (par. 214). If the header
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readies from the face to the back of the wall, as a b in fig. 45, it is termed a

through ; if only part of the distance, a binder. In walls with

dressed facing and backing, as in fig. 45, and nibble M filling-

in," these " through* " are essential parts in sound construc-

tions. In laying the blocks in ashlar-work, each block should

bo lifted into its bed, and the accuracy of the joint tested ; if

it does not lie fair and perfectly stable, the deflective parts must
be observed, the block removed, and the changes desired made.

The bed should now be carefully cleansed from dust, stone-

chippings, and moistened with water ; the mortar should next

1x5 laid on the bed, and the block, with its under-side cleansed

and moistened, lowered, and settled in its place by blows of the

mallet. The joint which goes up against the joint of another

block, in the same course, must be as carefully made. The
vertioal joints must be at right angles to the horizontal ones, and also at right

angles to the facing
;
by this arrangement of the horizontal and vertical joints,

the greatest strength possible is given to each block.

223. Heavy blocks are raised and lowered by what
is called a " lewis," as illustrated in fig. 46. An aper-

ture, as a, is made in the upper surface of the stone
;

two wedges, as b c, of wrought-iron, are made with a

slope to correspond to the slope of the aperture a ;

a flat piece d goes between them, and the whole are

united by the bolt /. In using a lewis the bolt/" is

taken out, and one of the tapered wedges, as 6, in-

serted in the hole a; the other, as c, is next in-

sorted
;

lastly, the piece d ; the bolt/ is then passed through them. The chain

is attached to the ring e passing through rf, and the tendency of the weight

of the stone is only to tighten the wedges b c in the hole a.

224. In ashlar-work, the stones in particular constructions, as embankment
Fig. 47.

Fig. -ML
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walls, &c, aro often required to be joined to-

gether, as well as one course to those above and
below it. To effect this junction, "dowels" or
"joggles" are sometimes used, as at a in fig. 47,

or as at b. These dowels or joggles are made of

copper or of slate, or hard stone. Iron "cramps 1 '

of various shapes are also used ; the object being

to give them as complete a hold of the stones as

possible. These are let into similarly-shaped in-

dentations made in the stone, and run with lead
;

two of which cramps are shown at c and c. The connection of the course with

another above or below it is also made by means of cramps, as at d and e.

Projections are sometimes made in the bed of one block, and corresponding

indentations on the under-side of the other.

225. Rubble-work is of two kinds, coursed and uncoursed, or regular and
irregular. In the coursed work the stones are hammer-dressed to sizes nearly

uniform ; the courses may be of unequal thicknesses. In uncoursed rubble, the

stones are prepared by knocking off all the sharp angles. The bedding should

be carefully prepared, and the interstices filled in with smaller pieces or

chippings pressed into tho mortar. As each course is finished, grout,

or thin mortar, should be applied to the surface, in order completely to

fill up all the interstices. Duo care should be taken to place the stones in
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their natural or quarry-bed position, which is indicated by the laminas of the

stone.

226. Rubble-work is sometimes used as a backing for ashlar-facing. This
is by no means a good plan, for, the mode of building being so dissimilar, un-

equal settlement is likely to take place, and the backing to be separated from

the facing. The method illustrated in fig. 45 is a good one, and will be cheaper

than solid ashlar-work, and, if carefully built, nearly as strong. The great art

hi building rubble-work uncoursed, is to place the stones of different sizes in

such a way as to interweave with each other, the interstices being well filled

up with mortar. To test if rubble-masoniy is well built, step upon a levelled

portion of any course, and, on setting the feet a little asunder, try, by a
starching motion of the legs and feet, whether any of the stones ride upon
others. When the stones ride, they have not been properly bedded in mortar.

To ascertain if there are any hollows, pour out a bucketful of water on the wall,

and those places which have not been sufficiently packed or hearted with small

stones will immediately absorb the water.
r\g.4».

227. Brick Walls.—Since the repeal of the

duty on bricks, they are made of all sizes and
shapes ; but the dimensions of ordinary build-

ing-bricks remain still as before—namely, 9

a a a a

1 1 1

1

1
'

1 1

1
» 1 . b »

1
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Each course is thus of the same depth, being
regulated by the thickness of tho bricks. The
facing of brick walls is

44 set " up in two ways
-4i old English" and 44 Flemish" 44 bond."

Tho former is illustrated in fig. 48 ; in this the

courses are made up of alternate rows of

headers and stretchers : a a, b b are stretchers,

c care headers. The 44 Flemish " bond is illus-

trated in fig. 49 ; in tins each course is made up
of headers and stretchers alternately : a a are stretchers, b b are headers.

228. Tho Flemish bond is considered to look the best, but the old English is

undoubtedly the strongest. In the Flemish there is comparatively little lateral

tie, as the length of the stretchers predominates over that of tho headers. In

the old English, on the contrary, the bond or connection between the various

parts is very complete, the headers giving good bond across the wall, the

stretchers along it. As brick walls are apt to Bplit or rupture transversely, or

in the direction of their thickness, and laterally in the direction of their length,

every attention should be paid to avoid this tendency. Old English bond is

preferable to Flemish, on this account chiefly, that the frequency of the headers

gives strong lateral bond. To afford the mortar a secure hold of, or to enable it

to
44 key " to the brick, bricks are now sometimes moulded with shallow rectan-

gular indentations on the upper and under sides; into these the mortar is pressed,

forming a "key" or hold.

229. Still farther to secure the advantages of a good 44 bond" in the structure,

" bond-timber " is often used to connect the wall longitudinally. This consists

of timber of some 3 or 4 inches square, or of such dimensions as the builder

thinks fit, built into the centre of the thickness of tho wall, and running along
in the direction of its length.

230. Bond-timber is, however, fast falling into disuse, in view oftho superior ad-

vantages of hoop-iron for binding purposes. Timber is apt to rot when imbedded
in the wall, and no external evidence is given of its decay; but this objection

d
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Fig. JU

rig. 51.

does not hold against tlie use of hoop-iron. Sir I. K. Brunei was tlie first who

introduced this material for binding purposes, and its use has gradually

extended, till it is all but universal in good constructions. Experiments have

proved that brick beams have been strengthened ten times with the use of cement

and iron-hoop bonds. The hoop-iron should be slightly rusted before being built

in, as tlie adhesion of the mortar is thereby better secured. Two strips of tlie

iron Bhould be laid along tlie length of each course ; where economy, however,

is more consulted than efficient workmanship, one only may be used. It should

be remembered that the strain tlie hoop-iron bond has to sustain is that of

tension.

231. In carrying up walls in old English bond, the "quoins," or corners,

must be commenced with a half-brick, termed a
44 closure " or " closer." The same must also be

attended to in Flemish-bond walls ; the object of

this being that the bricks, as they are laid down,

shall " break joint." For instance, in an old Eng-

lish 9-inch bond wall, in the course of stretchers,

it is obvious that if the second line of stretchers,

making up the thickness of the wall, started fair

with tlie first line, all the joints would lie against

each other ; but by putting in a half of a brick at

the end, and starting with a whole brick, all the

joints of the second row, in the direction of tlie

breadth of the course, will lie against the solid

parts of the facing bricks. In fig. 50 we give the

plan of the first course of a 9-inch wall in old

English bond; and in fig. 51, the plan of the

second course. In fig. 51, the position of tlie

fig. 50 is taken by the head-

ers a a ; while in fig. 50, the position of tlie

stretchers c e rf, fig. 51, is taken by the headers

b b. In fig. 50, by inserting the " closer " c, the

joints of the second header d are carried to the solid

parts of the first and second stretchers a a. If the

closer had riot been inserted, one of the joints of d

would obviously have come to the joint of a. The

same effect is produced by inserting the closer b

in fig. 51. Corresponding plans of Flemish bond

are shown in figs. 52 and 53 ; c and c l>eing closers.

232. In Flemish bond the facing is generally

made of a sujierior quality of brick, and to serve

this the headers are not whole-length bricks, hut

are cut through. This is a practice utterly wrong;

for tlie headers, on which depends, or should

depend, the transverse strength of the wall, have

no hold of the back part of the wall. The con-

sequence is that tlie "backing" and "facing"

separate from each other, and the whole structure

becomes endangered.

233. Walts.—In carrying up walls, the courses

should be taken up as uniformly as possible, in order to insure regular and

equal settlement. If this is not attended to, and one part a is carried up
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much higher than 6, fig. 54, the wall will likely crack. All buildings settle

or shrink ; and those parts which are built ng ^
up first, and allowed to settle first, will re- 1

|

a
\

main stationary, so that when the succeeding

part is built up, its settlement will cause it to

be separated from the first-built portion. All
1 | | | |

111*
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agreements should specify that no particular I T"~ I I 1

part is to be built up exceeding 4 feet in I

height. As each part is thus built up, its I

ends should not be made square, but the

courses should terminate so as to afford a

series of step-like projections, as from b to c, fig. 54, which will afford a good bond

to the next-built-up portion. The layer of mortar between the bricks should

not exceed a quarter of an inch in thickness ; it is a sign of bad con-

struction when thick patches of mortar are seen between the bricks. The
brick should be well wetted before setting, to free it from all matter likely

to prevent adhesion of the mortar. The mortar should be carefully spread

over the brick, and the one to be bedded well rammed down with the trowel,

or, wliat is better, pressed down with a rubbing motion. The joints in the face

of the work should be finished off with what is called a " straight-ruled joint."

234. In carrying up walls, small piers, as c, fig. 55, should be carried up from

the footings, on which to lay the flooring-joists d.

This allows the air to circulate round the end of

the joist, and tends greatly to preserve the timber.

The plan of building in the ends of the joists, as

the joist b in the wall a a, fig. 55, is greatly to

be reprehended : the decay of the timber is

hastened, and, as it decays, irregular settlement

of the walls is likely to ensue. In the upper
walls, as piers cannot conveniently Ik* built, the

plan illustrated in fig. 56 should be adopted, to

secure the advantages of a circulation of air round
the ends of the joists. In this illustration the

,

end of the joist or beam a rests in an aperture

or wall-box, formed by two stone or wooden slabs b and b; the width of this

aperture should l>e greater than tho breadth of the beam, so as to enable
the air to circulate round its sides as well as round its end and top, as at

f, fig. 56. For securing the ends of large girders, wall-

boxes or shoes of cast-iron are built into the wall in which
the ends of the girders are inserted.

235. In tho case of openings—as doors and windows

—

in walls, it is essential, in sound construction, to arch them
over. Where the opening is narrow, good construction may,
to a certain extent, be insured by the use of strong and sound
timber lintels. For openings of doors and windows of tho

ordinary extent, the size of this lintel may be 5 inches by 4

inches, a bearing of at least 14 inches on the walls being

given to it, as from b to c, fig. 57. A flat arch may be substituted for the lintel,

as fig. 57. If this is used, as tho whole strength depends on the mortar, it will

be advisable to use cement of a good quality and hoop-iron bond. As evidence

of the amazing increase of transverse strength obtained by the use of cement and

hoop-iron bond, we here cite an experiment of Colonel Pasley. Brick beams were

ocod »vd mn mrrnij>» nr "rinKo noouxo-
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made 10 feet long, 18 inches wide, 12 inches thick, of four courses, and made to

n 57 rest on brick piers. The first beam was built

with pure cement only ; the second with

pure cement and hoop-iron bond, two pieces

being placed at the upper and lower joints,

and one in the centre, thus Z.-Z] the third

beam was built with mortar only. The
breaking-weight was placed in the centre of

the beams, between the two pieces. No. 1

(pure cement) was broken across with 498
lb. ; No. 2 (pure cement and hoop-iron bond)

was broken with 4723 lb. ; No. 3 (mortar only) took a weight of 450 lb. only to

break it.

236. Arches.—To enter fully into the " theory of equilibrium" of arches, would

be beyond the scope and exceed the limits of this work ; we shall therefore only

refer to a few forms of arches of ordinary occurrence.

237. An arch is the disposition of the building materials in a curved form,

the mutual pressure of which enables them to sup-

port large weights pressing upon them. In fig. 58 the

wedge-shaped blocks a to a are termed the voussoirs ;

the central b are the key-stones ; the line formed by the

external surface of the blocks c to c, the extrados ; the

hue formed by their internal surface, d to d, the m-
trados, or soffit. The distance from d to d is called

tho span, that from / to b the rise of the arch. The
parts receiving the thrust of the arch c and r,

^-::^lir::T!J:::r
cis

or those from which the voussoirs, a to «, spring, are

called the abutments.

238. Tho flat arch illustrated in fig. 57 is applicable to narrow openings,

where the weight of materials over them is not great. Great care, however,

should be taken to get a proper slope or bevil to the bricks, or a 44 skew-back,

as it is termed. To proportion this, let d e, fig. 57, be the width of opening

;

from d and e, with d e as radius, describe arcs cutting in f. From /draw lines

f d, f e, forming an equilnteral triangle with de ; and continue them to g and h.

All the joints of the bricks should converge to the point /. To insure good
construction, the use of parallel bricks should be carefully avoided. The
bricks should l>o rubbed to tho proj>or shape, so that, when placed in their

respective situations, the whole joints will lie close to each other. If parallel

bricks are used, their upper joints naturally open.

If cement is used, the work should be quickly done,

as it sets rapidly; possibly the better way will be

\ to use blue lias mortar. Arch bricks of the proper

level and curvature are now made to suit arches of

all sizes.

239. In all cases where tho opening is wide, or a

large amount of material is resting al>ove it, as in tho

case of openings near the ground - level, circular,

elliptic, or segmental arches must be constructed.

Fig. 59, a segmental arch, is illustrated at a 6, a
semicircular arch at r d. Tho bricks, to insure good

construction, should be carefully rubbed ; but to lessen the amount of the open-
ing of tho joints at the upper ends, it is considered a good plan to divide the

Fig. *

MMMUTit tvi) amciHcniAa »kcu««
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rig. 00.

depth of arch into two concentric circles or arcs. Thus a 9-ineh arch may
be made up of two rings of half bricks, as from a and d, fig. 59.

240. As useful to the mechanic, we here give the method of describing a

semi-elliptical arch in fig. 60. Let a b

lie the span, bisect it in the point c, and
draw a line from c to / through c at right

angles to a b. Let c e be the rise of the

arch
;
through e draw a line parallel to a

b. and from a draw a lino parallel to c e,

cutting this in d. Bisect a c at g, and a d at

f. From d through the point g draw the line

d g A, meeting the line e I in A. Join f and
e. From where the line f e cuts the line

dg h at i, bisect the line/ e at k, from which
point k raise the perpendicular k /, meeting

the line e I in /. Join d and /, cutting the

line a b in m. From m, with m a as radius,

describe the arc a n, and from /, with / n or I e as radius, describe the arc n e.

The other half of the arch will be described by setting off the distance a m
from b to o, and describing first an arc from o, with o b as radius, and then

from this arc describing an arc to e from the centre /.

atrtiso-onr cr emiptical

241. Sfxtion Third—Construction of Timber-Framing.—We shall now explain

some of the methods of constructing timl)or-framing. n». «.

242. Flooring.—The simplest form of floor

is illustrated in fig. 61, and is called the
" single flooring." Where a a a are the joists

laid on the wall c c c, parallel to one another,

the distance should not in any case exceed 12

inches from centre to centre of joists. The
flooring-planks b b are laid on the joints a a a.

243. When the walls, as a at and b b, fig. 62,

are separated more than 8 feet, the joists

are apt, under sudden strains — as weights

hauled over the floor, people walking quickly,

&c.—to bend laterally. To prevent this, struts •""«'w«wo-»ouj

are placed between the joists, as c c between the joists d d d. When the

span of floor is wide, these stmts should be placed at distances of not

less than 4 feet apart. One row will do for joists,

with a bearing exceeding the 8 feet ; for every 4 feet of

extra bearing, ono row of strutting should be given.

They may be formed either of pieces of thin wood, as at

f, fig. 62, the same depth of the joists, or of two pieces

crossed, as at f.
244. When the course of the joists is to be interrupted,

as in fig. 63—where, for instance, a well-hole g is to be

made, as in the floor of a barn or granary, to admit of T
passage from one floor to another by means of trap-

stairs—the joists, as a a, b b
y

are supported by cross

pieces c c, d d, called M trimmers" or " bridles." These
again are supported by larger joists, e e, //, which run parallel to tho

ordinary joists a a, b b ; these larger joists are called " trimming-joists," or

TRf»trMil rr rt r
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44 carriage-beams." The trimmers, c c, d d, must be made strong in propor-

ng- tion to the numlter of joists which they have

to carry, and the scantling of the carriage-

beams is proportioned to the weight which the

trimmers carry. From par. 291 to 308 will be

given the necessary rules for calculating the

sizes of joists.

245. For floors of a wide span, and where

more perfect work is required, as in the sup-

porting of heavy weights, what is called

" double flooring" is used. This is illustrated

in fig. 64, where b b b represent two large
Tn,w^,.,.-r.„ 4 .o

r , r
termo(i u binding joists," which are laid

on the wall a a at each end, at distances of 10 feet apart from centre to centre.

These joists support other joists, termed "bridging-joists," c c c, laid at

right angles to b b. These bridging-joists are laid at distances of from 12 to

20 inches apart, and support the flooring-planks d d, which run parallel to the
u binding-joists" bb. Where it is deemed in the apartments of the steading to

have a "ceiling" on the under-side of the floor, what are called 44 ceiling-joists"

should be notched into the under-side of the binding-joists, as at e e. The dis-

tance between these is usually set off at 12 inches.

246. A still more complicated fonn of flooring, and one usually adopted where
Fig. M. >'lg. OS.

«*l0"»-« *tO0*"{" •"-*'•« k >*<» TO Tit* FOOT l»0C»t.*.F-.»VI".. Ft < ,. l.TNf.—sm.F } ,NCH TO

the bearing is great, is illustrated in fig. 65, and is known as the 44 girder,"
or 44 double-framed flooring." In this case the binding-joists b b are not
supported at the ends by the walls, but are supported by 44 girders," as a a,

which rest on the walls, and are placed generally at a distance of 10 feet apart

;

Span or
Boering.

CLAM I.

Jobta.

Clam II. Clam III.

Girder*.

Celling

JoUts.
DUtanconpnri
of Girder..

Distance apart
of Binding-

Jouu.

DUtnnre apart

6

10

12
14
16
20
24

28

W. I).

2 X 6 in.

24 7

24 74
24 8

24 9

3 12
*••

• »•

W. D.

6 x 4 in.

7 44
8 5
9 5}
10 6

11 64
13 74

•

• • .

W. D.

• • .

9 x7in.
10 8

11 9
12 10
13 11

15 12
16 13

W. D
34 x 2 in.

4 2*
5 24

...

...

...

.

.

10 feet

apart. The

bearingson

wall 9 to

12 in.

4 to 6 feet

apart. Beur-

ing 4 to 6 in.

on wallg.

12 to 14

in. 4 to 6

in. bearing

on walla.
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on the " binding-joists" b b the bridging-joists c c c c are placed, these sup-

porting the flooring-planks d d.

247. Taking fig. til as representative of the "first class" of floors, fig. 64
of the " second," and fig. 65 of the "third," the preceding table, compiled from

(lata given by the eminent authority Tredgold, will be useful, as showing the

scantling of floors for various spans. W represents the width, and D the depth
of the joists, binders, and girders.

248. The following remarks on flooring by Mr Gwilt will, we trust, be of

use. First, the wall-plates—that is, the timbers which lie on the walls to re-

ceive the ends of the girders or joists—should Ihj sufficiently strong, and of suffi-

cient length to tlirow the weight upon the piers. Secondly, if it can be avoided,

girders should not lie with their ends over openings, as doors or windows; but
when they do, the strength of the wall-plates must be increased. To avoid the

occurrence in question, it was formerly very much the practice in this country,

and indeed is still partially so, to lay girders obliquely across rooms, so as to

avoid openiugs and chimneys, the latter whereof must always be attended to.

Thirdly, wall-plates and templates must Ik* pro|x>rtionately longer, as their

length and the weight of the floor increase. Their scantlings will in this respect

vary from 4^x3 inches up to 7£ x 5 inches. Fourthly, the timbers should
always be kept rather higher—say half to three-quarters of an inch—in the

middle than at the sides of an apartment, when first framed, so that the natural

shrinkings and the settlements which occur in all buildings may not ultimately

appear after the building is finished. Lastly, when the ends of joists or girders

are supported by external walls whose height is great, the middles of such
walls ought not at first to rest upon any partition-wall that does not rest higher

than the floor, " but a space should (says Vitruvius, lib. vii. 1) be rather less be-

tween them, though, when all has settled, they may lie brought to a bearing upou
it. Neglect of this precaution will induce unequal settlements, and besides

causing the floor to be thrown out of a level, will most probably fracture the

comers of the room below."

249. Gates.—Hitherto, it may safely be averred, very little attention has been
paid to principle in the construction of field-gates ; and for the truth of this we
have only to look around us, where the eye of the constructive student will

detect probably not more than one in a hundred of our field-gates that are not

glaringly defective as pieces of constructive carpentry. Defects in point of

construction are not even confined to the field-gate ; we find them in many of

those gates of much higher pretensions, and where, the hand of a master having
been at work, we might be led to expect something like an approach to the

true and simple principle. Yet how seldom does the eve experienced in

directing those geometrical and dynamical principles on which alone a just

and permanent system of construction depends, light upon a form that satisfies

its discriminating glance.

250. Wooden Gates.—The essentials of a field-gate, whether of wood or iron, are

a rectangular frame, consisting of the heel and head posts, and a top and bottom
bar or rail, which four parts, properly connected at the angles, are rendered of an
unchangeable figure by the application of one or more diagonal l>ars, and these

diagonals should in no case be applied short of the whole length between any two
of the opposite angles. The upfillings, whether of rails or otherwise, as may be
desired to attain any particular object, are mere accessories, and not in any way
tending to the stability or durability of the fabric. In pars. 17, 18 we have
pointed out the materials to be used in the construction of gates, but in the

present section our illustration will have reference chiefly to those made of wood,
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66 PRACTICE OF CONSTRUCTION.

reserving for the succeeding section those of iron, although the principles of

construction apply to structures of field-gates generally, of whatever material

formed.

251. In treating of tho practical construction of field-gates, it is perhaps un-

necessary to dwell upon the strains that occur in the individual horizontal

bars, because, if the principles referred to above are attended to, all cross strains

in the principal joinings are avoided ; and except when any extraneous force is

applied, the Btrains are resolved by construction
e

„f} into those of direct compression or of tension.

Thus, in fig. 66, which may represent the ele-

ments of a fly-gate applicable to a drive or

thoroughfare, and opening either way, if we take

the heel-post a b and the bar a c alone, and hinged
in any manner at a and b ; and if the bar a c is 10

loriTRcuxiwoo^s feet long, the breadth of the heel-post at a 5

inches, and the parts being joined by mortise and
tenon, and then suppose a load applied to the bar at c,—the mechanical effect of the

load would be a cross strain at h tending to break the bar directly across, with a

force eqtial to twenty-four times the load, exclusive of the effect of the bar itself

;

the bar a c forming here a lever of the first order, whose arm h c is to the arm
h a, or the breadth of the heel-post, as 24 to 1. By increasing the number of

bars we do not alter the total effect of tho load, but simply divide it equally over
the superinduced bars, supposing them to be connected with a head-post at i.

But reverting again to tho single bar a <*, and applying to it the diagonal b c, we
have now the triangular figure a b c, the parts of which being firmly connected

at their points of junction, the form becomes unchangeable, and the effect of

tho load at c is instantly altered. The effect of the load at c is now resolv-

able by the parallelogram of forces into two others, the one of tension on the
bar a c, the other of compression on the diagonal b c ; and taking the length

a b as a representative of the gravitating or direct effect of that load, then the
tension on a c will be to the absolute load as the length of a b is to that of a r,

and the compression on the diagonal will be as b c to b a. In this example the
lunges of tho gate are not shown, but in actual practice the tails of the upj>er

hinge stretch along part of the top bar, binding it securely to the heel-post,

while the lx>ttom hingo may be made to form an abutment to the foot of the
diagonal. For methods of estimating the strains, whether of compression or
extension, see the section on Principles of Framing, from par. 156 to 191.

252. Tho practical insertion of tho diagonal is also of some importance.

FUt.07.
Fig. 67 exhibits one mode
of performing this, where
a b is the stmt half lapped

ni>on tho heel -post at bot-

tom and upon the head-
post at top: it is not an
elegant mode of insertion,

but it is efficient in so far

that, while it acts as a strut, it binds the top of the head-post to tho top bar,

and prevents it from flying off by the thrust of the diagonal.

253. Fig. 68 exhibits another mode of insertion of the diagonal, which is

perhaps preferable to tho former: here the head of the diagonal is attached

to the top bar, half lapped upon it at 6, and notched into the lower edge as an
abutment, forming a very efficient strut, the tension strain being brought entirely
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VARIOUS FORMS OF GATES. 57

upon the top-rail, which is always securely tied to the heel-post by the tails of

the hinge at r. These examples are applicable to field-gates, where the bars are

always much tluhner than the heel and head posts, the latter being generally

about 2^ to 3 inches thick, and the former only 1^ inches. In such cases the

diagonal is slightly notched upon all the bars, and deeper upon the heel and
head posts, where the method, fig. 67, is adopted ; but in no case should the
bars be notched except on the edge of the top bar, where it receives the head
of the diagonal.

254. A very common form of field-gate to be seen in tliis country is shown in

fig. 69 ; and applying the principles to

it which we have been considering, we
shall find it defective in several most
essential particulars. It has a strut a b

y

but instead of extending across the

entire diagonal to c, it stops short at the

centre of the gate at b. The part of the

top b c is liable to be broken off by
any undue force being exerted upon it

at c, when it is converted into a lever,

whose fulcrum is supported at b by the end of the strut a b. It has also a tio

b d, which is not only made of a wooden rail, but it does not extend across the

rectaugle to e, and in no part does it cross the strut a b, so as to act with it in

maintaining an equilibrium of forces. The consequence in practice is, that this

form of gate is very frequently fractured at the head-post c d, and falls to the

ground at d.

255. The principle of trussing has been successfully introduced into the

wooden field-gate by Sir John Orde of

Kilmory in Argyllshire. Fig. 70 shows

the rectangular form trussed, so as to

make a compact firm structure. The
heel- post a 6, the head-post c d, and the

upper and lower rails a c and b d, form

the rectangular frame. The truss con-

sists of four bars of wood, ae, ie, ce, and
rfr, each of which abuts into an angle of

the rectangle, and all meet at the centro

of the gate « ;
where, each bar being longer than the half of a diagonal of the rect-

angle a d, they become elevated in the form of a pavilion roof. A similar truss

is formed for the other face of the gate, whoso aj>ex is at /. Through the points

e and/, the apeces of the trusses, passes the iron bolt e f, the head of which holds

the bars atf ; and a screw and nut upon a plate hold those at e ; and when the

screw is tightened, the trusses are brought nearer together in the centre, and
their ends abut with great force against the angles of the rectangular frame at

b a c and d. To resist this pressure, it is necessary to connect the posts and
rails with an iron clamp at each angle of the frame. We believe that this con-

struction of gate will admit the frame neither to bend nor twist, and it will bear

any pressure of stock against its sides ; but its peculiar form is attended, wo
think, with a practical inconvenience. The trusses rising on each side of tho

gate 9$ inches above the plane of the frame, the projecting parts at e and /
present an easy and ready hold for the foot of a colt, should he bo disposed to

amuse himself about tho gate—a recreation which young horses are apt to

indulge in ; and the same projection will likely graze against the sides of cattle,

Fig. 70.
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58 PRACTICE OF CONSTRUCTION.

and lay hold of the harness of horses when passing through the gate. We
are therefore doubtful of its utility as a common field-gate. The interior of the

frame can be filled up with any light material, as wire or spars of wood. When
fitted uj> with wooden spars, the frame costs 13s. 6d., and the posts suited for

it, 13s. 6d. more.

256. A gate constructed by Mr Charles Miles, architect, London, which

seems well adapted for fields, is

illustrated in fig. 71. It consists of

both iron and wood. It has a strong

cast - iron heel - post, a, which is

round, tapering to the top, and is

batted into a large stone in the

ground. At a is a collar of iron

• embracing and revolving round upon

a projecting bead encircling the post.

* To one side of this collar is attached
m!-.i» wcobis nfii<i4ii with mux u.H.Mi a nockct of considerable depth, and of

a form to receive into it the upper rail of the gate, which, when properly

seated, the socket prevents from drooping at the head d. The under-rail style

at b is in every respect fitted up in the same manner as the upper one. The
head-style d is light, and completes the framing. The filling-up of the

frame is left to choice, either in iron or wood. Iu the figure the filling-up con-

sists of light wooden spars, nailed on alternately ujmni both sides of the upper

and lower bars. Were a wooden strut introduced into the frame from the bot-

tom rail b to the opposite angle at d, the gate would be much strengthened,

though the deep hold of the sockets makes the rails much more rigid than might
be expected. The receiving-post t is made of wood fitted into an iron socket,

which is batted into a stone. The cost of the gate, without the receiving-post,

is 37s. 6d. ; with the post, 45s.

257. We have hitherto alluded only to the simplest efficient form of wooden
field-gates, in the construction of which cheapness is always an object, and we
have, in order to avoid confusion of ideas, restricted the description to the essen-

tial parts ; the number of bars, or other means of rendering the gate a sufficient

fence, is left to be filled up at discretion. In making these upfillings the maker
should studiously keep in mind that no curv ed bars or timbers of any descrip-

tion should enter into the construction either for ornament, or ostensibly for use.

(See par. 15, fig. 8.)

258. In the construction of wooden gates for drives or approaches, where
utility is the chief object, strict attention should still be paid to the princi-

ples of construction, but a little more latitude may be admissible in point of

finish and expense. For such purposes, the rails and posts of the gate should

be all of one thickness, or at most, the only difference should be a gradual dimi-

nution in thickness towards the head, to lessen the effect of gravity on the

hinges and gate-post : for pleasant effect, there should not be more than three

horizontal rails, with two diagonals ; and if it is necessary to have a closer

upfilling, it should be of an upright light balustrade form. Fig. 72 is an
example of this form of gate, adopted many years ago, and the originals then
constructed are still good and serviceable, but it is considerably more expensive
than the common field-gate. The heel-post a b is 5 inches broad and 3 inches

thick, while the head-post c d maybe reduced to 2^ inches if thought advisable.

The top and bottom bars are formed with abutment pieces at both ends, which
are 5 inches broad, the intermediate parts being reduced to 3£ inches ; the middle
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bar has the same breadth, but is made up in the middle with corresponding abut-

ments, as at e, and the two diagonals, of 2 inches in breadth, are inserted in four

WOODIX OA? K 8Dir»H FOR THE APPROACH TO A VI! : «

pieces, exactly fitted between the abutments of the bars. The hinges are of the

common double-tailed crook-and-band form, binding the top and bottom rails

firmly to the heel-post, and the gate may be hung upon pillars of stone, or of

wood well secured. The best balustrade for a gate of this kind is rods of iron

^ inch diameter, as in the figure, passed up through the bottom and middle bars

and the diagonals, the holes for these being easily bored with an auger after the

gate is formed ; but a simple and cheaper balustrade is formed of light wooden
spars sunk into the bars and diagonals.

259. For all wooden gates, the method of bracing with light iron diagonals

is to be preferred to wooden struts, but to be effective two diagonals must
always be applied. In some cases they may pass from one angle to its oppo-

site in one length, but in others they may be applied in four pieces, the con-

nection at the centre of the gate being effected either by a ring of iron, in which
the four ends are screwed, or by bolting the palmated ends of the four parts,

two and two together, through the middle bar, as at c, fig. 72, one bolt secur-

ing the four ends ; and in either case the rods pass through the top and bottom
of the heel and head posts of the gate, and are there secured by screw-nuts. It

is obvious that iron diagonals would apply in this manner to the gate, fig. 72,

instead of the wooden braces from e.

260. Field-gates should always be made to fold back upon a fence, to open

beyond the square, and not to shut of themselves. When they shut of them-

selves, and are not far enough pushed back when opened, they are apt to catch

the wheel of a cart when passing, and to be broken, or the post to be snapped

asunder by the concussion; and as self-shutting gates are all apt to be left un-

fastened by people who pass through them, requiring greater attention than is

usually bestowed on such matters, the stock, particularly young horses, which
seem to take delight to loiter about gates, might then escape from the field.

Yonng horses are fond of rubbing their rumps against gates, to prevent which
it is necessary to wattle thorns into the bars.

261. An excellent plan of fixing a hanging-post is to dig as narrow a hole

as is practicable for the purpose, 3 feet deep, and at the bottom lay a flat stone

of about 15 inches square and 7 or 8 inches thick, in the centre of which is cut

through a hole of 8 or 9 inches in diameter, to take in the lower end of the post,

dressed with the axe to fit the hole. Earth alone is then put in spadefuls into
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the hole, and made firm around the post with a rammer, up to the surface of the

ground, in which is sunk a stone, at the edge of the upper square face of which
the iron-shod heel-post of the gate is made to rotate in a shallow hollow made

to fit it. Fig. 73 shows the different

porta of this mode of fastening the hang-
ing-posts of field-gates; where a b is the
hole into the bottom of which the stone r

ta Mink, and into this stone the end of
the post d is inserted and secured. Water
passing through the hole in the stone,

the h.wer end of the post will be pre-

served ; and more so by IxMiig charred
or in the hark, and smeared with coal-

tar : the upper part of the post at d
will be best preserved by being planed
and painted. The top of the post should
always be semi-spherical, or pyramidal,

to prevent the lodgment of water upon
thetn. The earth is rammed hard into

the pit a b to the surface of the ground,

in which is sunk at/ a stum-, on which
the heel-post of the gate rotated. Pail
of the hedge-fence of the field in which
the gate is placed is shown, as also the

crook above d on which the gate is hung.
2»»*2. Another method is in digging a hole '2\ feet square, and of 8 feet in

depth; and the post being set. into it, the pit is filled with rubble masonry
in mortar, packed firmly, and grouted round the post. This is no doubt a very
effectual mode of feetenillg gate-posts—a matter not BO well attended to on a
farm as it ought to be; and the lime may tend to preserve the wood under
ground a longer time than it would be without it; but it is expensive, and
when the post has to be renewed, the masonry will have to be removed, as

no new post can again be fixed so firmly in the pit as when both were put in

together.

2U3. There is no better mode of hanging a field-gate than by crook-and-
band hinge at the upper rail, and a heel-crook at the bottom of the heel-post
Both the band-hinge and the heel-crook ought to l>e double-tailed, to embrace
both sides of the heel-post and of the upper rail. The upper-crook keeps the
gate close to the upper part of the hanging-post, while the heel-crook, resting
on and working in a hole made in a hard stone, supports the entire weight of

the gate. A gate-post of whatever kind, which has to support the entire weight
of a gate, requires to be very securely fixed into the ground; but when the gate
is supported by a heel-crook, the post may be of more slender form.

2*J4. The simplest mode of fastening field-gates to the head-posts is to hook
on a small linked chain from the stile-head of the gate to a hook in the receiving-
post. No animal is able to unloosen this simple sort of fastening ; but horses
soon learn to unfasten almost every other sort.

2fi.
r
). Field-gates ought to be painted before being put to use, and they

ought to receive a new coat every year, as without it they will rot in a com-
paratively short period of time. Iron gates must of necessity 1m« painted, to

keep them from rusting. Coal-tar does not look well as a paint, and is apt to

blacken the hands and clothes after exposure tor a time to the air. Many corn-
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positions are presented to the public notice as suitable for painting outside

work, amongst wliich we havo scon a tliiek black varnish, but, there is nothing

better than good white-lead and oil. Field-gates painted white have a lively

appearance amongst the dark-green foliage of thorn hedges, and they harmo-
nise well even with the colour of dry-stone walls.

266. Joining Timbers.—We now proceed to illustrate tho various methods in use

of joining timbers together. (1.) Joining timbers in rig. 74.

the direction of their length.—When timbers arc to_ ..j ^..y „ ^
be joined in the direction of their length, when sub- > b \ e

jetted to tension, the method illustrated in fig. 74 '

—

» 1
1 1 lxl ,1 1 f , I l 12 4

/

J
: :v hrh« is ? u*
. It nrfcl* £ ;s-

may be adopted ; thus the ends of the beams a and b Jt

are squared up, and made to abut against each

other
;
they are secured in this position by bolting together the two pieces c and rf,

the bolts passing through the beams a and b. This is a strong, if not tho strong-

est, method of joining timbers under this head, although it is objected to on

account of its clumsy appearance. The joint f riu. 75. j
may be niade stronger by notching the pieces —m m—tn—
//andg gy

as in fig. 75, or inserting flat keys into

apertures inade partly in the l>cams and partly in

the pieces, as shown at e and/, fig. 74. In fig.

£ irti u tc

; v or tuna
UK rr.'OT

o,bcd are the two beams to 1h» joined; ff t

and g g the two pieces notched in ; h and i y , N

showing the plau or upper side of the notches. «

267. When the joint is so constructed that the surfaces of the two beams are

flush with each other, the united beams presenting the appearance of one only,

the joint is called a 44 scarf" joint. The simplest and the strongest form of this,

known as the 44 half-lap joint," is shown in fig. 76 ; the beams to be joined

being shown at a b, the abutting ends c d being square ; bolts ef are used to

fi«-t«-
e Fig. 77.

b

-|—r
v5

tki r up joixt—-srit_r £ oca
to ru«

3
J ivi-u it iu» r?oi.

UCLHT-JCIHl— I IKCH TO

keep the parts together. Fig. 77 shows another form of 44 half-lap" scart

joint, a b being hard-wood keys. Theso keys should not be driven in too

tightly, so as to produce any strain on the parts ; all that is necessary is to

bring the joints together, and then bolt together the beams firmly.

268. When the jointed beams are subjected to a cross strain, the form of
4< scarf" Bhown in fig. 78 will be found a good one. The two beams to be joined

are represented by a c ; the portion d b is oblique, not parallel to tho sur-

faces of the timber as in fig. 76. The end d e is at right angles to the surfaco

of the beam, tho end b f oblique. A piece of timber g g is secured to tho

under-side by hard-wood keys, and the whole secured by iron hoops or bands

A A.

269. Where the jointed beams are subjected to compression and extension at

the same time, the form of joint should be designed to meet thoso strains. Fig.

79 shows a form adapted to these circumstances ; a b are the two beains

to be joined ; tho folding wedge or double keys c d serve to bring the parts

together. A plate of wrought-iron g g is placed at the under-side, and secured

by bolts c e.
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270. In fig. 80 we give a diagram illustrative of the " indented scarf-joint
;

"

a b are the two beams with the surfaces of the abutting ends cut into indents

and corresponding projections ; a key is inserted at c c c
;

wrought-iron

plates e e are bolted together by the bolts d d.

271. When two pieces of timber are to be joined vertically together in the

direction of their length, to resist compression, joints, as in figs. 81 and 82, may

J01J.T TO R*»1ST YinTICit COMPn»»»10K— JOIKI 10 RIS11T VinilC.L OMlKkSfl

] txcu to rut »oot. 8- iv*. 1 i»cu to rtiB roor

be used. In fig. 81 let a b c d be the end of the lower part of the beam ; two
square pieces are cut out at opposite comers. Lot the end of the upper part of

the beam be similarly cut, as at e, and the two placed together, so that the solid

parts of the upper beam may fit into the hollow spaces of the lower beam. In

fig. 82, a b d c, efg h represent the ends of the beams to be joined. From the

lower beam parts are cut at each corner, as at a b c </, of any depth required.

The method of cutting the end of the upper beam is shown at e f g h ; the

corners being left solid, the solid parts of the lower beam go into the hollow

parts in the upper beam. If there is any chance of the beams thus joined

being subjected to a cross strain, plates of iron may be put at the sides, extend-

ing some distance on either side of the joints, and secured together by bolts

passing through the beams, or, what will be better, by hoops passing outside.

272. As regards the proportions of scarf-joints, of which we have given illus-

trations, Tredgold, in his valuablo work on Carpentry, has given some valuable

notes : these we here append. "The length of the scarf should be, if bolts are

not used, in oak, ash, or elm, six times the depth of the beam—in fir, twelve

times the depth of the beam. If bolts and indents are combined, the length of

the scarf should be, in oak, ash, or elm, twice the depth of the beam—in fir,

four times the depth. In scarfing beams to resist transverse strains, straps

drawn on tight are better than bolts. The sum of the area of the bolts should
not be less than one-fifth the area of the beams when a longitudinal strain is to

be borne. No joint should be used in winch shrinkage or expansion can tear

the timbers."

273. In joining timbers, all the bearing-surfaces should be made with great

accuracy, all inequalities tending to increase the strain more upon one part

than another, and thus to cause rupture. The simpler the parts are the

better.
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274. In heavy girders of more than a foot in thickness, it is a good practice

to saw them down the centre, turning the inside surfaces outward, bolting them
together with pieces of thin wood between them ; this enables the air to circu-

late freely, in addition to affording an opportunity to examine the quality and
condition of the timl>er.

275. When the bearing of a girder exceeds 25 feet, the deflection which
arises has a tendency to push
out the walls in which it rests.

The usual method of prevent-

ing this is to "truss" the

girder. Tins is performed by
cutting the girder in two
through the centre in the

direction of its length, and
inserting two pieces of timber

—oak is the best—inclining

towards each other as in the

principal rafters of a roof. The
rise of these pieces is very

trifling, projecting or rising

very little above the beam.

Fig. 83 illustrates a method {—&
of trussing a beam with /
wrought-iron and wood ; a a
the beam, b b struts or braces abutting on the wrought-iron bolts and Beats

c c c. In fig. 84 we give another method of trussing a beam after the queen-

post principle, fig. 83 being on the king-post. The
abutting pieces d b a care of wrought-iron ; the struts or

braces e e e of wood. The two halves are bolted together

by bolts and nuts, as at f, which is a plan showing the

position of these. In fig. 83 we have another method of

trnssing a beam ; d d the beam ; e e suspension-pieces

fixed to the under-side of the beam by bolts, or other-

wise : / g g are tie-rods of wrought-iron. In fig. 85 the

girder is shown trussed, with an arched piece of wrought-iron a be between the

two halves, the whole d being secured by bolts.

276. A method to obtain depth in a girder, and to avoid deflection or bending,

is illustrated in fig. 86, and is recommended by some as preferable to the

trussed girder. Two beams of equal scantling are laid edge on, as a b, c d, and

Becured together by keys e e e, the whole being secured together by hoops of

iron fff driven tightly on. In place of

hoops, bolts may be used, as shown at g, but

hoops are preferable. The thickness of the

keys should be equal to about half of the

breadth—the total thickness of all the keys,

when laid on each other, being equal to £ of

the depth of the beam.

277. In fig.- 87 we illustrate another

method of deepening a beam, the surfaces

in contact being provided with indentations

and corresponding projections, the two being well secured by bolts and nuts,

278. (2.) Joining timbers at right angles to each other.—When the piece, fig

Fig. M.

J

Fig. M.
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1
—^—

i
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88, is to abut vertically upon a horizontal piece a, the joint is made by what
is called a mortise-and-tenon joint. The projecting piece or tongue d is called

the tenon, and the slot or aperture b which receives it is

called the mortise. When the piece d is inserted into b,

the two are generally connected by an oak pin driven

tlirough at e.

279. The dovetail joint, illustrated in fig. 89, is used

when one beam abuts against another, as b against a, the

pieeo 6 being subjected to tension. The mortise in this form

is not rectangular, but horizontal, as at c; and the tenon

is of the same form, if the pieco can be driven in later-

ally—that is, when the mortise extends the whole way
across the beam a as at d. If the tenon is to be in-

serted in the beam a, in its centre as at e, the tenon is

made of the form as at b, and small oak wedges /

/

i !s, u ™ , u ,. ™r
ftre m8ertoj in tno en(i 0f b j and ag the tenon is driven in

the mortise, the wedges// are forced into and cause the tenon to expand, filling

up the mortise c. This species of joint is called u fox-tail dovetailing."

280. The following remarks from tho Encyclopaedia Britannica, article " Join-

ery," with reference to mortiso-and-tenon joints, may
1x3 useful :

44 It is of the utmost importance in fram-

ing that the tenons and mortises should be truly made.
After a mortise has been made with the mortise-

chisel, it should be rendered perfectly even with a

float, an instrument which differs from a single cut or

float-file only by having larger teeth. An inexpe-
V^s/J rienced workman often makes his work fit too tight

in one place, and too easy in another; hence • tho
dovetail joiKr—«, k!.i i in .: it mortise is split by driving the parts togother, and

the work is never firm
;
whereas, if the tenon fill the

mortiso equally without using any considerable force in driving the work to-

gether, it is found to bo firm and sound. The thickness of tenons should bo
about one-fourth that of the framing, and the width of a tenon should never
exceed about five times its tliickness, otherwise, in wedging, the tenon will

become bent, and bulge out of the sides of the mortise. If the rail be wide,
two mortises should bo made, with a space of solid wood between. In tliick

framing, the strength and firmnoss of the joint are much increased by putting

a cross or feather-tongue in on each
side of the tenon ; these tongues are

about an inch in length, and are oasily

put in wath a plough proper for such
purposes. Sometimes in tliick fram-

ing a double tenon in the thickness is

made, but we give the preference to a
single one when tongues are put in the
shoulders, as wo have described

; be-

cause a strong tenon is better than two
weak ones, and there is less difficulty

in fitting one than two." These re-

marks apply principally to the joints

used injoinery and pattern-making, but
thoy convey some hints useful in connection with the operations of carpentry.

Fljf.W.
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281. Wall-plates are joined at the corners by methods shown in fig. 90, half
notched at the end as at a and b, or a little from the end of each, as at c and d.

By this method of joining, the tendency to disconnect in either direction is

prevented. A dovetail joint is sometimes used as at e, a corresponding tenon
being made at the extremity of the other wall-plate. The joint shown at c and
d is perhaps the best.

282. Tie-beams are joined to tho wall-plates, as a a to & b, fig. 91, by the
joint at c, the tie-beam being simply lot into

this. A better and more secure joint is shown at

</, which is similar to that at c, with this excep-

tion, that the wood is not cut across, but a piece or

feather is left in the middle : a corresponding piece

e is cut out of the lower edge of the tie-beam, into

which the feather goes.

283. When one piece is oblique to the other, as

in the case of the foot of the rafter butting in the

end of the tie-beam, a simple joint, as in fig. 92, Man

may l>e adopted

—

a is tho rafter, b the tie-beam.

The hutting end c is at right angles to the line e /of the rafter. The part
d e f is not cut out across the upper edge of the tie-beam, but a piece form-
ing a feather (as in fig. 91 at d) is left as at ^; a corresponding mortise is cut
out at the lower edge of the ^ Klg.^
rafter a, fig. 92, into which

g fits. The tenon may be
formed on the end of the

rafter, and the mortise in tho

tie-beam; this is the usual

way.

284. A better form for the

same joint is illustrated in fig.

93

—

a the rafter, b the tie-

beam, and d plan of the upper
edge of the tie-beam, with
the mortise cut to receive tho tenon 6, formed on the end of the rafter a.

285. In fig. 94 we give a sketch of a simple form of centre for turning an
arch over a window or door opening in a wall; a b are the arch timbers or ribs,

two of which are used for walls of ordinary thickness. fi«.w.

The ribs should rest on posts c c, between the upper ends
of which and the ribs wedges should be placed ; these to bo

driven gradually out, so as to release the ribs, and allow the

arch to settle gently. The bolster-pieces d d are laid across [

the ribs at right angles to the line of the walls, and on
4

these tho bricks or building materials are laid. The curve

tf the ribs a b should bo of the same radius as the desired ™*,«.«-.,,,. . , " l'*'-»• I !!JC" TO TOOT
opening in the wall, less the depth of the bolster-pieces d.

286. In fig. 95 another form of centre is shown adapted to narrow spans

;

each rib is composed of segmental pieces a b c d, of two or more thicknesses of

planking. The second thickness of planking is shown at efg ;
they are thus

disposed in order to break joint with the other pieces abed. Another form of

centre is also shown in fig. 95, adapted to a span where a centre-post, as h, can
be placed to support the tie-beam i

»,
resting on two other posts 11. The ribs m m

are supported by a king-post n, and braces o o o o.

E

1
JOIMfK') Or All IN'CMS'CD WITH A
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287. It does not form port of the plan of this work to describe the opera-

ti$.k. tions of joinery; it may, however, be ser-

viceable to point out a few "joints " useful

in tin: construction of implements, or of

"patterns" for the parts of machines or

engines. Tn fig. iMj we give illustrations of

methods for joining flooring - timbers or

plunks, tliat at a bring used chiefly for tir

planking, that at b for oak. The joint at a is

termed a " tonguod and grooved " joint. In

fig. U7 we show two methods of joining pieces

of wood at right angles To each other. In

fig. 98 we illustrate at a a method of joining

thick timbers in the direetii >n of their length
;

grooves are cut on the edges of each piece,

and a hard-wood " dowel " driven into the

space formed hy the tongues when the two
pieces are laid edge to edge. Wiien pieces

are fastened together by the joint at b, it is tertned a " rebate " joint ; it is

similar to the half-lap joint, fig. 7G. In pattern-making for parts of engines, as

'•core-boxes," «5ce., two pieces of wood are joined together by pins / /, which

~
1

i

A
L

<i.s:Ktn rail AU. l:

x

n .

fig- itf. Fit. 'jr. (fO

in
.'.

I - l-fi: > ' .
-.ri!: :-

•: • • ; • J
::;l>;ii- ".o ..i, > ....

r

IT

into corresponding aper-

tures, as at j j, fig. <J8. Pieces

of wood, as c; r, are kept
together by the cross piece rf,

this being provided with a

feather passing into a groove

made in the ends of r c ; this is

shown in the end view at e.

y.i us.

-

J
:

'

.

.u.i- . C.

The cross piece and side pieces are sometimes mitre-jointed, as at </ A A.

288. We here append a few notes on tie- cutting of limber, which may be

useful; first giving a diagram of the method of cutting the s/ronyrtt beam out

of a tree, or a cylin-

drical balk, l.et a b,

fig. 'J'J, be tins tree,

and r the centre ; draw
any diameter c d; fn mi

e and d as centres, with

c c or d r as radius, de-

r

,

/^ J
scribe arcs b c, a c

;

• •:•
.
0'.:

i

w s:-.: 0/ • -*IM<> mi
TROHOIBT •»0nc- " > -•

OCT or *. rMi ic • i

l i* . a TO rs* MOT.

join c/, r/ 6. A e and
e a (see remarks on
fitrt'us/t/i of Materials,

page 21, «&e.)

2S'J. In preparing
limber joists, it is a good nile to have as f. \v faces sawn as possible

; a piece
with one sawn face is the West and safest.

21*0. As to the inlhience which cutting timber in a peculiar way has upon it.s

form, we extract the following from the last edi I ion of the Encyclopaedia liritan-

nicn (Art. "Joinery") :
•• It is well known that wood contracts less in propor-

tion in diameter than it does in circumference, heme a whole tree splits in

diying. Mr Knight has shown that, in consequence of this irregular con-

traction, a hoard may be cut from a tree that can scarcely be made by any
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means to retain the same form and position when subjected to various degrees

of heat and moisture. 'From the ash and beech/ ho ng.100.

remarks, 4 we cut some thin boards in different direetions /

relatively to their transverse septa, so that the septa a

covered the middle of some of the boards at right angles, A \

and lay nearly parallel with the surfaces of others. Both '
v *

~"J

kinds were placed in a warm room under perfectly similar

circumstances.' " The results of the experiments showed \ *

v . k

that while the parts which had been cut transversely to

the septa, as at c d, fig. 100, soon became warped, con-

cave at one side, convex at the other, the rate of con- «

traction in drying being nearly 14 per cent in width
;

on the other hand, the parts cut with their surfaces nearly parallel to the septa,

as a b, k e, retained with slight variation their form, and the per-centage of

contraction in width was little more than 3 per cent. The same authority, in

experimenting upo» firs, found that a board cut like a b or h e retained its

straightness, while the ash, cut like c d or/ g, became hollow on ono side, and
convex on the other ; the rate of contraction of the pieces at c d, b a being as

3.75 to 0.7 per cent. In cutting wood on this system, the pieces, as a b or

h c, are found to work easily, and to present a finer surface than when the pieces

are cut transverse to the septa, as c d orfg. In cutting wood, it is a good plan

to "turn the stuff inside out," as it is technically termed ; that is, to saw the

plank down the centre, bringing the corresponding parts together, outside to

outside, and reversing the circular lines of the grain.

291. In par. 122 we gave a table of the ultimate breaking-weight, or the

strain which will break a timber joist under the circumstances there mentioned

;

as also the greatest weight which a beam can sustain without having its elas-

ticity destroyed. The table is also useful in calculating the dimensions of beams
used, as in the case of a tie-beam, or a beam tlirown across an opening, as

in gateways, ports, &c.

292. To find the ultimate or breaking weight of a beam supported at lwth ends,

and loaded in the middle : let a represent the distance in inches between the

supports, b the depth of the beam, c the breadth, and s the breaking-weight of the

material of which the joist is composed, this value being taken from the table in

par. 122. Rule : multiply s by 4, and this by c, and by the square of 6, and
divide by a. Example : let the beam be 9 inches in depth by 4 in breadth or

thickness, the distance between the supports 10 feet, and the material of which
it is made English oak, the value of *, from the table in par. 122, being 1G72

—

1672 X4 X4 X81 _
, „— = 18057.6 lb.

293. Where the beam is fixed at one end and loaded at the other, the following

is the rule to ascertain the ultimate breaking-weight : let a be the depth of

the beam in inches; b its breadth, also in inches; c the length of projec-

tion, also in inches, from its point of support ; and * the tabular value of the

material (par. 122) of which it is composed. Rule : multiply s by the square of

a and the product by 6, and divide by c. Example : let the beam be 8

inches deep by 5 inches thick or broad, the length it projects beyond the

point of support 5 feet or 60 inches, and the material of which it is composed
ash, the value of which, in the table, par. 122, is 2000 ; thus

—

2000 x 8* x 5— =10666.6 lb.
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294. By referring to the section on Strength of Materials, page 24, the

reader will perceive that when a weight is distributed uniformly over the

surface of a beam, it will bear twice the amount applied at the centre. Beams
should not bo loaded with more than one-fourth of the calculated breaking-

weight—in no case with more than ono-third. Authorities are divided as to the

exact amount or proportion ; but it will be best to err on the safe side, and

load beams with only one-fourth of the calculated breaking-weight.

295. In some cases a given weight is to be suspended or supported at the

end of the beam fixed at one end, the deflection not to exceed a certain amount.

The following is the rule to ascertain the dimensions : Let a represent the

length of the beam from the point of support of the weight to where it is fixed

in the wall, let b represent the breadth in inches, and c the load in pounds which

the beam is to support, d the elastic strength, par. 122, of the material of which

the beam is made, and e the deflection in inches. Rule : divide c the weight

by d the elastic strength, multiplied by b the breadth of beam, and e the

deflection of the elastic strength. The cube root of the quotient multiplied by
a (the length) will give the depth of the beam in inches. Example : a beam
of elm 6 inches broad, 6 feet long, from the point of fixing, is to carry a load

of half a ton or 1120 lb., the deflection not to exceed quarter of an inch ; the

tabular value of the elastic strength of elm, par. 122, being 50 :

—

1120

601T6 *725
= 15 nearly

cube root of 15 = 2.466 x 6 = 15 nearly, which is the depth of the beam in inches.

296. When the degree of deflection a is known, the wreight b which the

beam has to support, and the distance c between the two supports at the end,

the dimensions of a beam to sustain the weight in the centre may then be ascer-

tained. Rule : multiply the weight by the cube of tho distance, the length

in feet; divide tho product by 32 times the tabular value of the elastic

strength in par. 122, of the material of which the beam is to be made, multi-

plied into the given doflection in niches ; divide the quotient by the assumed
breadth, the cube root of this will bo the depth in inches. Example : What
are the dimensions of a beam of Riga fir, which has to support a ton weight
in the centre of its length, or 2240 lb., the distance between the supports

being 20 feet, and tho deflection half an inch? The tabular value of the

elaatio strength of Riga fir is 96.2, par. 122 :—

»20 = 8000 x 2240

"^6.2^32x75"
1164'8 -

Assume the breadth of the beam to bo 4 inches, divide the above quotient

1164.8 by this, and the quotient is 291.2, the cube root of winch is 6.82 inches,

the depth required.

297. Where tho beam is to be square—not rectangular, as in the above cases

—tho fourth root of the quotient gives the side of the beam. If tho beam is to

be cylindrical, multiply the quotient by 1.7, and then extract the fourth root,

which will be the diameter.

298. In the case of pillars or posts to sustain compression only, the following

rule, with tho aid of tho table in par. 122, may be used to find the dimen-
sions. Let a be tho length of the pillar in feet ; tho pressure or weight
which it has to support being represented by 6, and the tabular value of the

elastic strength of the material by d. Rule :
" multiply the weight by tho

square of the length, and divide this product by 20 times the elastic strength,
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the quotient will be the fourth power of the thickness of the side of a square

beam." If the pillar is to be round, multiply the quotient by 1.7, and the fourth

root will bo the diameter.

299. Whore the breadth of the beam is given, its length b, and the weight

c it has to support, the depth of a rectangular beam may be found thus :

—

Rule : square the length, and multiply the weight by it ; divide the product by 20
times the tabular value of the elastic strength of the material, multiplied into

the breadth, the cube root of the quotient will be the least thickness re-

quired. Example: a post or pillar of oak 10 feet high, with a breadth of 4

inches, is required to sustain a pressure of 4480 lb., or 2 tons—what must be
its least thickness ? the tabular value of the elastic strength of oak, par. 122,

is 104:— f

" x 4480
= 53,3 the cube root of which is 4.06 thickness of the post.

105 x 20 x 4
r

300. For any post or pillar of wood to be secure, it is necessary that its

height shall not exceed 10 times its diameter. The pressure on a pillar of pine,

where the end butts against the grain of a lower piece, should never exceed 1000
lb. per square inch.

301. According to the experiments of Muschenbroeck, fir is better calculated

for pillars or posts than oak, it being able to bear a compressile strain three

times greater
;
oak, however, is best calculated for ties.

302. The following are calculations for determining the dimensions of the

members of flooring. The distance between ordinary joists should not exceed
12 inches. Let a bo the length in feet, and b the thickness. Rule : to find

the depth, square the length in feet, divido this by the tluckness, tako the cube

root of the quotient and multiply it by 2.2 when the material is pine, and by
2.3 for oak. Example : the length of pine joists is 14 feet, their thickness 4

inches—what is the depth ?

14>= 19
g = 49, the cube root of which is 3.65 x 2.2 = 8.03 inches.

303. Where trimmers are used as in fig. 63, an eighth of an inch should be

added to the tluckness of the 44 carriage beams" e e, //; for every joist, as a a,

the u trimmers " c c, d d must be made strong enough to support half the

weight which the joists a a support.

304. To find the depth of 44 binding-joists," as b b, fig. 64, their thickness

and the length in feet being given, 6 feet being the distance from centre to

centre : let a be the thickness, b the length in feet, and c the multiplier

for pine 3.42, and for oak 3.53. Rule : square the length, and divido it by

the thickness ; take the cube root of the quotient, and this, multiplied by the

multiplier, will give the depth in inches. Example : the length ofpine binders

is 15 feet, the thickness 5 inches :

—

15*= 225 » 45, the cube root of which is 3.55 x 3.42 s 1 2 inches full.
5

In the above formula;, the multipliers 2.2 and 2.3 in par. 302, and 3.42 and
3.53 in par. 304, usually termed 44 constants," wo deduced from data afforded by
experiments mado to ascertain the breaking-weight of beams of determined

dimensions of the materials named.

305. The sizo of the 44 bridging-joists " c c, fig. 65, supporting the flooring-

planks d d, will bo fouud by the rule given in par. 304.
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306. We have already given, in par. 296, a rule to estimate the ultimate

breaking-weight of a beam, supported at both ends and loaded in the middle,

which may be used to ascertain the scantling of girders used in the double-

framed flooring illustrated in flg. 65 ; or the rule given in par. 302 may be

used, substituting as the multiplier in 2.2 for pine the multiplier 4.2, and for oak

2.3 the multiplier 4.3.

307. A square of single flooring, fig. 61, is from 1200 to 2000 lb. ; and of framed

flooring, figs. 64 and 65, from 2700 to 4500 lb.

308. These results may prove useful : 46.66 cubic feet of elm, 51.49 cubic

feet of beech, 47.76 cubic feet of Riga fir, 36.20 cubic feet of English oak, 66

cubic feet of Scotch fir, 47.15 cubic feet of ash, 54.55 cubic feet of red pine,

54.95 cubic feet of yellow pine, and 67.86 cubic feet of larch—weigh respec-

tively 1 ton.

»cale
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309. Section Fourth—Iron Framing.

310. Iron, when used for the construction of flooring surfaces, is generally

employed in conjunction with other materials, as wood, brickwork, concrete,

&c. One obvious advantage obtained by the use of iron in the construction of

framing is, the ease with which, by its means, buildings nearly if not absolutely

fire-proof may bo secured. We shall first describe floors composed partly of

iron and partly of wood not fire-proof.

311. In figs. 18, 19, and 20, we gave illustrations of the improved form of cast-

rig. ioi. iron girder, showing sections of

r

— —
1

greatest strength. In fig. 101
fc

l——— ' we give at b b an elevation of a

„ „ cast-iron girder, calculated for a

^2 span of 18 to 20 feet between
the bearings. In the plan, fig.

19, it will be observed that the

shape of the lower flange is para-

bolic ; but as the extremities of

this are too narrow for bricks or beams to lie on, the plan of the beam in fig.

101 is modified, so that the bottom-flanges are parallel, as at a. In fig. 102, at

a b c d, we give a section of this girder, of which the following are the dimen-
sions : the width of bottom flange, a b, 14

inches, ite thickness If inches ; the top

flange, c d, 4^ inches broad and £ of an
inch thick; the total depth, g h, 20 inches

;

the thickness of the rib at c, l\ inches ; at

/, 1 inch. Beams of this size, placed 9
feet apart, are calculated to support on the

flooring 22 to 24 cwt. on each square yard ;

the weight of flooring-beams, &c, or of

the arches which may be used to support

|
the floor, being extra. In fig. 102 we
also give a section of a girder where the

weight per square yard is less than just

stated, namely, from 12 to 13 cwt. per yard.
Breadth of bottom flange 9£ inches, thickness l£ inches ; breadth of top flange

2| inches, thickness § inch, total depth 18 inches ; thickness at section of rib

corresponding to e, 1 inch ; thickness at/, £ of an inch.

312. In fig. 103 we illustrate a method of filling in the spaces between tho

Fig. MB.

t

h

h. l i,

13

hectic* or ntncin roii an* or IS on 20 rr*r.
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ICUJ, I IK< U TO TUB FOOT.

FOB. JOISTS

girders with the "binding-joists" a a, 8 inches by 5 inches; the "bridging-joists"

b b
y 6 inches by 2 inches ; and the flooring-planks c c. Another method is shown

in fig. 104, where " shoes," as a, are cast

in the side of the girder, in which the

joists b are laid ; c is a front view of

the shoe. Ceiling-joists, as a\ may be

suspended from the under-side of the

girder by bolts and nuts, the former

passing through projecting snags or

brackets e cast into the bottom flange.

313. A very little consideration of the

form of the girder now illustrated, and
of the way in which it is calculated to

resist any superincumbent weight that is laid upon it, will show that the method
of placing the cross joists, or " binding joists," on one side of the flange, as

shown in fig. 103, or in one side of the rib, as in

fig. 104, is wrong. The most correct method is to

place the cross joists at once on the top flanges of

the girders, stretching from girder to girder. On
this point Mr Fairbairn remarks :

" Supporting the

load on one side of the flange is wrong in principle,

and, to a certain extent, injurious in practice ; but

that method has many conveniences, and in prac-

tice we are frequently called upon to abandon self-

evident principles in order to meet the requirements of different structures. Under
snch circumstances, when the load is on one side of the girder, the flange should

be carefully constructed, in order to bring the bearing of the cross-beam as

much as possible into the centre or vertical plane of the girder." In fig. 103

we illustrate the method which Mr Fairbairn recommends to connect a wood
cross-beam with the girder : small projections e are made in the lower flange

at the places where the cross-beams d are to rest ; bolt-holes are made in these,

by which the cross-beam d is bolted to the flange. By this method the whole
of the cross-beams and girders are united together, and the " girder will be

prevented from 4 canting,' as the strain has a tend- rig. io&

ency to bring the top flange inwards, and to force the

top flange outwards, thus producing a lateral strain

upon tho girder, which would in a great measure be

resisted by the bolts in the cross-beams. The best

security for girders loaded in this way will, however,

be good broad flanges, cast upon the top and bottom

sides, in order to resist the lateral thrust ofthe cross-

beams."

314. When the cross-beam or " binding joist"

is of cast-iron, and of the same section as the

girder, Mr Fairbairn recommends an arrangement
to be adopted, illustrated in fig. 105, a narrow shelf

a being cast on the side of the flange, from one end

of the girder to the other (not merely, it is to be noted, at the places where the

cross-beams occur) ;
" this wotdd give a sufficient bearing for the cross-beam

by forming the ends, as shown in the sketch at d ; and the bolt-holes c should

perforate the vertical rib as near as possible to the neutral axis of the girder."

The cross-beam is shown at b.
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315. With reference to tins plan of perforating the girder, and also of mak-
ing perforations for passing through the tie-bolts, often used in trussing east-

iron girders, Mr Fairbairn says, that in " cast-iron girders," even where the

hole, or rather the metal immediately surrounding the aperture, is greatly

strengthened, " Btieh a process, if not fatal, would be, to say the least of it,

exceedingly injurious. I have," he continues, 44 decided objections to anything

like perforations in cast-iron girders ; and it is even with some reluctance I

would havo a bolt-hole through the neutral axis, unless tluckened so as to com-
pensate for the part taken out

;
besides, it is exceedingly objectionable to cut ofF

the connection between the two resisting flanges of a girder, or to damage iu

any other way a casting of this description. There is nothing I should l>o

more tenacious about than the cutting or boring of any part of a well-propor-

tioned girder; and I believe there is nothing so dangerous in the hands of per-

sons unacquainted with the laws which govern the strength of these important

structures."

316. Mr Fairbairn remedies the evil arising from the use of perforated girti-

ng. io& ers by the plan illustrated in fig. 106. It is of essential

importance that the bottom flange shall not he perforated, the

cross-beam being supported only by 44 hook-bolts." The
other method is to lay the cross-beams at once upon the
girders.

317. Wo shall now describe the methods of making
flooring fire-proof by the use of cast-iron girders and brick

arches. This is illustrated in fig. 107, representing the

method adopted by Mr Fairbairn during his long practice

as an engineer. The cast-iron pillars k /, on which the gird-

ers c d rest, are placed at a distance of 9 feet 6 inches apart

from centre to centre—the distance covered by the arch
being called a "bay." A convenient length for the girders is 20 feet, as illus-

trated in fig. 101. In fig. 107 the arches are composed of a brick in length from
a to e

f
or from b to i, three-quarters of a brick from e to /, or i to A, and half a brick

from/ to g, or h to g ; the

position of the tie-rod is

shown at the lino a b.
44 When the arches aro

finished, and before the
centres are struck, the key-
bricks, from/ to hj and also

all the others, am wedged
between the joints with
thin pieces of slate, for the
purpose! of equalising 1 the

bearings, to prevent set-

tling after the centres are withdrawn. The arches being thus secured, are
afterwards levelled and filled up with a concrete of lime and ashes, on which
is laid the flooring of tiles or stone flagging, as the case may be." The best
and safest rise for arches such as now described is l£ inches for every foot of
span.

318. Where tie-rods are used to truss the girders and prevent their lateral

movement, it is important that they should be placed in the proper position.

This practically is at the soffit of the arch, as shown by the line ab, tig. 107
;

in this position tho tio-rods will perforate the 4< neutral axis " of the beam. The

4 men tu rim r-, : ,r
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maximum point of tension of the tie-rods is at the bottom of the flange; but this,

although the safest, is not the most convenient position in practice, as the tio-

rod would then stretch across the chord of the are, as shown by tho dotted

Hue c d. Tie-rods should never be placed abovo the urch near the top

of the girder. For cases where tho weight to bo supported is equal to 13 cwt.

per square yard, the sectional area of the tie-rods should not bo less than 3

square inches for every 20 feet in width of the building ; where the weight to

be supported is equal to 24 cwt. per square yard, the area should bo increased

to nearly 5 square inches.

319. As already noticed, par. 315, Mr Fairbairn object* to all perforations in

girders, as in cases where tie-rods are used
;
he, however, has objections to tho

use of tie-rods on other grounds, wluch we here givo :
44 In trussing a cast-iron

girder, I would much rather give the strength to the girder itself than depend
upon a malleable-iron truss. The two materials are widely different in cha-

racter, the one being ductile, and subject to elongation under a severe tensilo

strain, aud the other rigid and firmunder compression : they seldom, if ever, agree

(if I may use tho expression) well together ; and dining the whole of my experi-

ence I have found it safer and better to keep them separate. Besides, the effect

of tightening or screwing up tho truss-rods has a tendency to throw increased

strain upon the girder, or, vice versa, upon the rods themselves ; in fact, an igno-

rant person screwing up the trusses might do serious injury without ever being

aware of having done so. Altogether, I have now, ami always had, an objection

to trussed girders, whether composed of chains or rods : I have, therefore, no

hesitation in recommendiug a perfectly simple and well-proportioned girder,

free from encumbrances of all kinds."

320. With the pillars, cast-iron girders, and brick arches, as in fig. 107,

buildings are not so safe in tho event of fire as might be expected or wished for.

The heat causes the pillars, &c. to yield, more especially when cold water is

dashed upon them : again, should one of the arches fall, as the stability of all

of them in a measure dei>ends upon the reaction of the adjoining arches, the

whole building may be endangered. In view of these and other defects of cast-

iron fire-proof constructions, and the great weight of the girder, wrought-iron

beams have been introduced with marked success. Mr Fairbairn, than whom no

more practical authority on all matters connected with construction can bo cited,

thus remarks on their use :

—

32 1 .
44 From tho increased safety and greatly increased strength of the wrought-

iron beam, it appears to me to be in every respect adapted to tho construction

of fire-proof buildings. It offers much greater security, and is free from tho

ri«k of those accidents wluch not unfrequently ocour w ith cast-iron beams, and
which have created so much alarm in the public mind. ... It now becomes
a consideration of some importance to exhibit the advantages which may be

gained by its introduction, on a largo scale, into the building of warehouses,

cotton and flax mills, and dwelling-houses, which require protection from risk,

whether arising from weakness, from the employment of a dangerous material,

or from fire. In these erections, it will be found exceedingly valuable, irre-

spectively of the sense of security w hich the nature of the material is sure to

establish in the public mind. Impressed with these convictions, I unhesitatingly

recommend its adoption to the architect and engineer, and provided the laws

which govern its strength be carefully attended to, I have every reason to be-

lieve that a few examples will not only give entire confidence in its powers, but

that increased experience will elicit improved conditions, and probably better

forms for its application."
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322. In fig. 108 we give a section of the " plate beam " which Mr Fairbairn

fi«. 108. most appn>ve8 of. The length between the bearings for this ex-

'STf* ample is 30 feet, and the breaking-weight at the centre is 27.5

tons, uniformly distributed over its surface 55 times : one-fourth or

one-third of this should bo the amount laid upon it. The total

depth is 22 inches ; the breadth of bottom flange 5^ inches

;

its thickness $ of an inch ; the breadth of upper flange 7^
inches ; and thickness £ an inch. The thickness of the middle plate

-^few is -j*jr of an inch. As mil be seeu from the sketch, the beam is

w ""a*
c

t% composed of a central plate, with angle irons riveted on each side

m^oiTrj at the upper and lower edges. There is very little difference be-

tween the cost of a girder of this kind and that of a cast-iron

girder, calculated to bear tho same weight; but the wrought-iron girder is

only one-third of the weight of the cast-iron, and therefore costs less for

carriage, and is easier erected and put in its place, besides possessing, as we
have shown, the advantages of increased safety.

323. Wrought-iron beams or joists are rolled solid after the manner ot rail-

>1g m way bars ; a UBual form is the I-shaped joist, as in fig.

_ . 109 at c e. The same figure illustrates Fox's patented

i|*;> .r y > method of constructing fire-proof flooring, in which the

^57^. • of iron joists c c stretch across the room; b b are rough
Vjjh ^_ ^>;^jU strips of wood bearing on tho bottom flanges ; these

a a support a layer of rough mortar, indicated by tho dotted

i lines above b b. Tho mortar is pressed down tightly

so as to exude from between the joints of the strips of

wood. A key or surface is thus formed to which tho ceiling-plaster, &c, a a,

adheres. Above the layer of rough mortar a bed of concrete d d is placed, in

which is placed the flooring-tiles or cement. If boards are used for the floor,

narrow strips or battens of wood e e are imbedded in the concrete ; on these strips

the boards are nailed. The iron joists c c, and strips of wood b b
}
are thus com-

pletely imbedded in mortar, concrete, and plaster. This system is very widely

used, and forms an exceedingly strong and fire-proof floor. Where the span does
not exceed 20 feet, iron joists in the length may be used ; for spans exceeding

this, cast or wrought iron girders will require to be used ; and for spans ex-

ceeding 60 feet, columns will be required.

324. We here append the dimensions of cast-iron girders, and joists or binders,

for a fow of the most useful spans, calculated for loads of 280 lb. per square

foot of floor, this including the material resting upon the floor, as grain or

machinery, and the weight of the joists and the flooring materials. Fig. 102

will illustrate the different measurements; thus a b is the "bottom flange," ed
tho "top flange ;" e the " thickness of rib " at the bottom, / the thickness at

top, g k total depth of girder.

325. Tho following are the sizes of main girders adapted to support 2^ cwt. per
square foot. A floor of 30 feet square, 900 superficial feet, supports a load of 11

1

tons 5 cwt. The dimensions of the girder are as follow : length, 32 feet ; extreme
depth, from g to h, fig. 102, 30 inches ; bottom flange, a b, 2.4 inches in breadth,

4^ inches thick
;
top flange, c rf, 8 inches broad, 4g inches tliick ; thickness of

rib at e
y 3} inches ; at /, 2 inches. For a room of 25 feet square, tho floor

of which, 625 feet superficial, supports nearly 81 tons; length of girder,

27 feet; breadth of bottom flange, a 6, 21 inches, thickness 4$ inches ; breadth

of top flange, c </, 6^ inches, thickness 2\ inches
;
depth of girder, g A, 24

inches; thickness of rib at e, 2J; at/, If. For a room 20 feet square, the
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floor of which, 400 feet superficial, supports a weight of 50 tons
;
length of

girder, 22 feet; breadth of bottom flange, a b, 15 inches, thickness 3 inches;

breadth of top flange, c d, 5^ inches, thickness 1£ inches; depth of girder,

g A, 24 inches ; thickness of rib at <r, 2 inches ; at /, \\ inches. For a room of

16 feet square, the floor of which, 256 square feet, supports 28 tons, the length

of the girder is 18 feet; the breadth of bottom flange, a b, 14 inches, its thick-

ness 2 inches ; breadth of top flange, c d
y 4^ inches, its thickness £ inch

;

depth of beam, g A, 18 inches ; thickness of rib at e,
1
J inches ; and at/, 1 inch.

326. The following are the dimensions of binders or joists adapted for the

foregoing cases, and still illustrated by fig. 102 : For a bearing of 30 feet, with a
distance of 6 feet from centre to centre of joists, the weight supported is 22^
torn*, at 2^ cwt. per square foot. Length of joist 25 feet, breadth of bottom
flange, a b, 18 inches, thickness 2^ inches ; breadth of top flange 6 inches, thick-

ness ljjj inches
;
depth of joist, g A, 18 inches ; thickness of rib at e, If ;

at/, 1^.

For a bearing of 25 feet, the distance from centre to centre of joists being 6 feet,

the weight supported is nearly 19 tons. Length of joist 25 feet, breadth of

bottom flange, a b, 18 inches, thickness 2^ ; breadth of top flange, c d, 5f, thick-

ness 1^ inches; depth of joist, g A, 12 inches; thickness at c, If inches;

at /, l^. For a bearing of 16 feet, with the joists 6 feet apart from centre to

centre, the weight supjxwted is 12 tons. The length of joist is 16 feet, the

breadth of flange, a 6, 8 inches, its thickness 2 inches ; the breadth of flange,

c d, 3 inches, thickness 1 inch
;
depth of joist, g A, 12 inches ; thickness of rib

at 14; ;
at/ 1 inch. For a very full table of tho sizes of girders and joists for

a variety of spans and depths, we would recommend the roader to Weale's
Engineer's Pocket-Bookfor 1855-56 (6s.)

327. Iron Gates.—In paragraphs 249 to 259 we have illustrated and described

several forms of wooden gates. We shall now give some figures illustrative of

the application of iron to these structures.

328. In the construction of malleable-iron gates, we aB frequently find mal-

formations as in those of wood, such as placing all the bars on edge except the

heel and head post, misplacing the diagonal, if single, and not unfrequently

applying bars variously formed in curves and fanciful figures, to serve the pur-

pose of the diagonals. The field-gate maker should be instructed to hold steadily

in view, that there is but one position and form for that member of the structure

that can be fully efficient, and this is, the straight bar extending from the

upper angle at the heel to its opposite angle at the head-post, and, if the

materials of the gate are light, to apply

an antagonist diagonal crossing the

first. In framing the gate, also, the

top and bottom bars should be set flat-

ways, to enable tho structure to resist

lateral strain from animals rubbing or

pushing against it.

329. Fig. 1 10 gives a simple form of

an iron field-gate; it consists of six

rails, so arranged as to keep in lambs in the lower part of it. It is both light

and strong. The fore-stile b g is prevented dropping by the diagonal bar a 6,

which, on being applied with its flat side, is riveted to each of the rails ; and

the twisting is counteracted by the top and bottom rails / b and a g being

welded flat-ways to the fore and hind stiles with strong Bolid knees. The

upright bars, as c d, retain each of tho rails in its proper place. The gate-

is 9 feet long and 3 feet 9 inches in height. The gate can be hung

—
an rnox riTLc-o»T« wrm mow po»ib amd «tat.
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Fig. HI.

upon wooden posts ; but the iron posts, as shown in the figure, correspond

better with the appearance of the gate. They are made of malleable iron, and

are fastened into large stones with double bats; and the hanging-post / a is

additionally Supported by a stay e. The cost of this gate is 80s., and the posts

20s. more—together, 50s.—which price completes all the necessary lx>lts and

nuts for fixing them to the stone blocks, and hanging the gate on the posts.

This form of gate would probably l>o strengthened by the introduction of a tie

stretching from/ to g across the centre of the diagonal a b.

330. The same species of iron gate is made on the tension principle, as seen

in fig. Ill, where the other parts than the

tension are different from those in fig.

110, in not having diagonals, as a b. In

fig. Ill strong iron tension-wires pass

through the cast-iron blocks a and c,

connected together with an iron collar,

in the centre of the frame. These wires

are fastened by heads to the upjier bar

and stiles at b and r/, and drawn as tight

as required at the lower bar and stiles at e and /, by means of nut and

screw. The cost of this gate, without the posts, is 25s.

331. It will 1k> observed that the central apparatus of this gate is similar in

appearance to that of the Kilmory wooden gate in fig. 70; but their mode of

action is the opposite, though the effects produced are similar. In fig. Ill the

wires from a and r act as ties, drawing the posts and rails towards them from

the angles, and thereby giving to the entire framing a rigid structure. In fig.

70 the wooden struts from e and f, as centres, push the posts and rails out-

wards at the angles against the clamps, thereby also giving the framing a rigid

structure.

332. One of the latest improvements in iron field-gates is the introduction of

angle-iron, now so extensively used in boiler-making, ship-building, and other

purposes. In the application of the angle-iron to the construction of gates, the

fabric acquires the rigidity of a massive wooden gate, with all the tenacity

and strength of the iron, while its weight is little more than that of wood. Fig.

1 12 is a form of gate of this construction, from a design, slightly altered, of

V ^f7
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1 finches on each side; and to give security to the joinings at the four angles
1

4' the truss, the ends of the bars are riveted upon cast-iron corner-plates, those

>f the heel-post a b being formed with strong projecting pivots, by which the

gate is hinged. Any muuber of interior liars may be applied to suit the objects

»( the gato. The tiguro exhibits the arrangement adapted to retain sheep and
lambs. The diagonal b d is contrary to the general rule, for it is apparently a
strut, but being a bar of angle-iron, of the same breadth as before, it possesses

the stiffness of wood to resist lateral strains—and is hence properly adapted

for a strut; to render the bracing complete, the antagonist diagonal a c is

applied, and tins, acting as a tie, is only a flat bar 1 inch by £ inch. The
external frame is thus rendered unchangeable in figure by any forco that may
l>e applied to the head-post in a vertical direction, either upward or downward,
short of what will fracture the gate ; and the point e, where the diagonals cross

each other at the centre of the gate, becomes also immovable in the plane of

the truss ; hence the perpendicular bar/ e gy
being riveted to the diagonal at e,

acquires the same property, and by attaching all the horizontal bars io/e g at

their several crossings, each of them is rendered permanent in its position at

that point, and no force short of breaking down the gate can bend any of the

parts upward or downward in the direction of the bar / e g, so long as this last

remains attached to the crossing of the diagonals at e. In order to give farther

support to the horizontal bars by the principle of construction, we have only to

take a point where a diagonal crosses a bar, as at A, funning the uppusite

triangles eh i and a h k, which, when the bar and diagonal have been connected,

heoome also immutable, and the perpendicular bar I h m being secured to the

point A, and again to the different bars at their intersection with I h m, the whole
are again rendered immovable as in the middle. The support given to the

horizontal bars in the line I h m would have been still moro complete if there

had been only one intermediate bar below the middle one, as the three parts

would then have met in one point, as they do at /f, but two bars are introduced

to render the gate fencible for sheep of all ages. The perpendicular bar nop
in applied on the same principle as seen in / h nj, the point of support in this

case being o. This gate would perhaps become more rigid still if the upper
and lower rails a d and b c were double flanged.

333. In this construction of gates, the greatest possible amount of mutual
support among the parts is obtained with a given quantity of materials ; hence
gates of this construction may be made lighter than any other form, where iron

w the material employed, and yet have a greater amount of strength. In this

example, the dimensions of the angle-iron are 1^ inches each way, and about $
inch thick; all the other parts are lj- inches broad by | inch thick, tho cast-iron

corner-plates being of course stouter, and tho entire weight of the gate is 1121b.

It may be of use to those who make iron gates, but who have not taken time to

study the first principles of their constniction, to notice this further remark.

Any number whatever of additional upright bars to those shown in fig.. 112

would add strength or support to the horizontal bars only on the principle of

*nj>erpoKitiori, or adding bar to bar, without the advantages which arise from
the principle of unchangeablcness to the triangle when applied in the construc-

tion of framework, whether in a simple field-gate, or in tho highest branches of

constructive carpentry in wood or in iron. In the one case, the stress on tho

[>arts continues to act at right angles to the bars, the direction in wliich they are

weakest, while in the other—the principle of throwing the frame into triangles

—the whole stress is thrown upon one or more parts in the direction of their

length, in which position all bars and beams are strongest.



78 PRACTICE OF CONSTRUCTION.

334. An example of an ingenious construction of iron gate is given in Par-

nelTs work on road-making, which has been improved on by Dr Buist of

Bombay, and described in the Transactions of the Highland and Agricultural

Society. Those gates consist of a wrought-iron external frame, which is sup-

ported by a very perfect system of bracing, with diagonal ties of iron wire, and

filled up in a variety of forms with the same material. Fig. 113 represents

Fi£. 113.

•1
&
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-3
— v

\

\ 1
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mi rt.iwrsT'i o» tiic bhacimo o> k win* r»tiu<JAT»,

Dr Buist's gate with the fundamental braces and ties, which he thus describes

:

14 The framing a b c d is fashioned like that of an ordinary gate
; efghy

and

it I are three light slips of iron parallel to the ends of the gate, and riveted to

the upper and lower rails ; a p b is a wire about the thickness of a goose-quill,

fastened by a rivet at one end, and a screw and nut at the other ; it passes

through holes in the slips e f, g h, and k /, and serves as a brace to support the

bar a b. In the same manner d p c serves as a brace to d e, while the two

sides of the gate being coupled together by the slips ef,gh, and k L, the lower

and upper rails have severally the benefit of both braces. The diagonals a c

and d b keep the frame in shape, while a s d and b t c are braces to a d and b c

by means of the light bar m n. It will be seen that all the wires and straps

whieh act as fills-up, are either braces or stipports, so that nothing can be more
Btiff than the gate thus completed. It weighs about 80 lb. Its dimensions are

9 feet by 3£ feet, but may be made of any size, the price varying in proportion.

It may be observed, that a gate with one bolt, when shut suddenly, vibrates

for lame time at the fore-foot ; this is obviated by two bolts coupled together

near 6 and c, and acting simultaneously. It is also convenient for gates open-

ing into policy-grounds, getting bolted when thrown back by means of a short

stump driven into the ground, with a catch at the height of the lower bolt c."

335. Fig. 114 represents a gate of another construction, also by Dr Buist, filled

up with wires in the form of rays from a centre. " The horizontal bar m n, and

Flfl 114.

1UI WIK* riILlM2AII WITH IUUU UHIi-tlS J4

the braces a s d and b t c of fig. 113," he remarks, "are here omitted as

superfluous. The rays from a by b and c to d, fig. 114, consist of wires of the
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rig. itt

same thickness as before, and about 9 inches from each other. Their lower

extremities are upset as nail-heads or rivets, and their upper ends are fastened

with a nut and screw. For the admission of the screws a strong: iron arch e

is placed in the corner of the gate, and fastened at each end with screw-

nuts ; its range down the heel-post, as compared with that along the upper
rail, should be as the length of the gate is to its height, which, in this example,

is 18 inches down the heel-post, and 6 inches along the upper rail."* It may
be here worthy of remark, as a point affecting the rigidness of this particular

form of gate, that the rays of wires, being of different lengths, will be differently

affected by changes of temperature, which will thereby exert an unequal action

upon tho many points in the lower part of the gate, and probably havo a ten-

dency to twist the gate out of the straight.

336. The wire-gates above described are admirable examples of the prin-

ciples of trussed frames, and for gates. So far as that principle gives them
firmness and support, they can hardly be excelled ; but there is one defect

attendant upon the wire upfilling, its

too great tenuity, which renders the

wires liable to derangement on being

loaded with any cross strain, such as

a person attempting to climb over

the gate, and setting foot on the

wires. A diagonal wire undergoing

such treatment will be liable- to

stretch, and thereby lose its effects.

Could such accidents be effectually

guarded against, these gates might

be regarded as almost perfect.

337. In fig. 115 we give a form of

wicket or side-gate, constructed of

iron, by Messrs Young and Co. of

Edinburgh. The price is from 25s. to 30s., and the jvosts 20s. the pair.

338. Joinings of Iron-framing.—For these we shall take for illustration columns
and roofs, as affording a wide range of exemplification, tho flf.u&

methods illustrated being of course applicable to all

species of framing, whether of machine or otherwise.

339. And first, as to cast-iron columns. Where tho

foundation on which the column rests is good hard stone,

the simplest method of fixing or bedding is shown in fig.

116, where a is the foundation-stone, with a socket cut

into it to receive the neck b of the column c. Care must
be taken to have the end of the neck perfectly flat.

340. Whore the foundation is of brick or soft stone, a cast-iron plate g g, fig.

117, should be let into the top of the stone a ; the plate has a collar or projec-

tion 6, which passes into the aperture of the pipe of the column ; the solid parts

of the column fit into the parts cc; d shows the pillar connected with the base.

341. Tho top of the pillar or column must be socially adapted to receive tho

girders or joists which rest upon it. A method of doing this is shown at fig.

118, where the top plate b is left square, and has along two of its edges snags

or projections c c ; the space between those should be wide enough to allow

the girder to be inserted easily, with a little on each side to allow of expan-

sion ; d shows the plan of top plate. Where there are two storeys to the build-

• Trantactions of the Highland ami Agricultural Society, vol. xiv., pp. C12, G13.

rt\ivt> or column :

n *;.». 1 ix. II to tHi root.

Digitized by Google



80 PRACTICE OF CONSTRUCTION.

ing, and ono row of columns has to rest upon the other immediately beneath,

the best method to adopt is to have tho neck/ of the lower pillar e prolonged,

Flff- 117. Ki.-. lis.

rotJMDAitoii.ptJkTi ton cur-iHon rit-uui—
»rm.t 1 is. it to Tilt root.

' ri'ix >ku or nt.iAiu to iibubivb c»:-imx «r»i
'< 1 tMi'B TO TUB FOOT.

and made hollow, to receive the end g of the upper pillar. The neck/ must
l>e long enough to l>c flush with or n little above the top edge of the girder,

when it is laid upon the cap of the lower pillar r.

.342. There are various methods in use to join girders together lying 1 on

the caps of columns. The simplest is illustrated in fig. 119, which re-

presents a plan of the top of two girders, the ends a c and b d of which are

expanded into flanges, to allow of bolt-holes to be made. Tho side view is seen

at e.

.'U.'i. The method adopted where a circular neck is made to the cap of the

column, as/ in fig. 1 IS, is illustrated in fig. 120. In this form of joint the

Hi?, ua.

a b

—I I ,.- I.'.'.

rig. ml

L

L
71

3
jrKcTioH or 4 biKnaiui ok cap or

coiOKK—iciu. \ me* to rum root.

3—

I

t

JOTNTNO or oir.Mii* ow :um rtn or
COLOMMB BCAtJ. } [>I-U TO TUB rOOT

jcwotion or two 01 nut >l» WITH
C«cru» NICK TO COLCMM—
•CUJ I IK. U TO TUB BOOT

r }

»»::>' -.• iroi ron uoirmn b«t>
or aiKi *»—»cai • | ikcu to tu» foot

ends of the girders b b and c r are expanded into semicircular flanges, which
embrace the neck/, as /and /in figs. 11 8 and 119, and are secured by bolts and
nuts. The side view is shown at cf, fig. 120.

344. Where four girders meet on the cap of a column with neck, as at / fig.

1 19, the ends of the girders are expanded into flanges of the form as shown in
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fig. 121, at b c. Where four of those are put together, the ends form a figure,

as shown by the dotted lines b e, d c.

345. In fig. 122 we give a drawing of a cast-iron shoe, for the reception of

the end of tie-beams or girders, as a. The shoe is provided with snugs c efd,
which act as keys, and give a secure hold in the wall A shoe for the reception

of joists which require to be bolted to wooden columns, &c, is given at c df in

fig. 123 : this is secured by bolts and nuts as shown at /. In the same figure

a shoe for the reception of " wall-plates," running along the wall, iB shown.

The wall-plate rests in the recess a ; c a are projections. This may be adapted

to secure to a post, &c, as the shoe c d f, by extending the projection r, as

shown in form towards 6, and passing bolts tlirough apertures made in it

;

Fig. 123.

-

4

^ f
H
'e

R 1

d * \
1 i

L

Fig. 124.

c»«t-:ro» aaoaa lOXttm" "waii-
\ iscb to ihi rcor

.jAii.inin »ho« tor rni n»r»prr' « or wmiiin
»f<ir, \ [«€H rr tin rooT.

the upper bolt-hole at a will require to be counter-sunk, or have a recess in

which the head of the bolt can go. This will allow it to lie flush with the

inside of the recess, and the wall-plate to pass easily into the recess a. A front

new is shown at g.

346. In composite roofs—that is, roofs composed partly of iron and partly of

timber—certain parts are composed of cast-iron, as qneen-bolt-heads, shoes

for braces, struts or tie-beams, and purlin-boxes, &e. These we now propose

to illustrate.

347. Fig. 124 illustrates a 11 shoe " for tho reception of the foot of struts

:

a a is the wooden tie-beam, b b tho wrought-iron king-bolt, secured by nut and
washer c ; d the extremity of strut or brace, butting in the shoe, tho section of

which is formed of the proper shape (see figs. 92, 93, page 65) ; / shows the ele-

vation of the shoe : an aperture is cast in the solid part of the shoe, through

which the king-bolt is passed. At g h i a front

view of the shoe is shown

—

g is the part where
the brace or strut enters, h the king-bolt, i part F~
of the tie-beam. *

—

348. Fig. 125 illustrates a form of rafter-box

or shoe, for the reception and support of the

principal rafters : a a are the upper ends of the

rafters, b the king-bolt, c d the box, the side c of

which is in section, the side d in elevation.

An aperture is passed through the solid part

to admit of the king-bolt b being passed tlirough ; the ridge-pole passes into

the recess e : i shows a front view of the rafter-box.

Fig. 125.

mioitd rcBtraa->ciii-Hi»!>».

BQM1M, \ inch to TUB rOOT.
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82 PRACTICE OF CONSTRUCTION.

349. In fig. 126 we give a drawing of a sho<

Fig. 12a

for the reception of the foot

of the queen-bolt : a a is theof tho strut and

tie-beam, b b the queen-bolt, c the brace or strut,

d the shoe, secured by the bolts e e.

350. Fig. 127 illustrates a queen -bolt -head

"box" for the reception of straining-beam and

-, principal rafter : a is tho queen-bolt, tho head

/ of which is sunk into a recess in the box or shoe

by c the straining-beam, d the principal rafter.

351. In fig. 128 we give a drawing of a cast-

iron shoo for the reception of the end of the prin-

cipal rafter and the pole-plate : a the rafter, b the

recess into which the pole-plate is placed. The

whole is secured to the tie-beam by bolts c d. Another bolt may be made to

unite the foot of the principal rafter and the tie-beam, passing through in the

direction offg.

IOE for gr»»v-«ot t ahd •tiv:;—
BCAJ_I J JXCU TO 1 UK FCCT

Fi«. isa.

Fig. m.

•HOB FOR QCt«.«S-RO:.T AWT) ttUBT—
•CALX. \ JNUII TO 1QK roor

• iic i rem roor or n*nxn aw
•cat*. £ vsca 10 rH« roo;

Fig. 128.

•BOB FOR " rVllUV* " «l'AL«. \ iMCa TO TV* FOOT

352. In fig. 129 a drawing is given of a " shoe " or box for purlins, an end

view of which is given at b b,

and a side view at g. The shoe g
is passed over the upper edge of

the rafter // which goes into the

recess a, and is secured by bolts and

nuts at d ; b h is the part re-

ceiving the purlin c c.

353. We shall now illustrate

methods ofjoining the various parts

of wrought-iron roofs. These illus-

trations comprise the various parts

of a roof on the king-post principle,

the skeleton figure of which was
given in fig. 33, and the span of

which is 30 feet. The scale of all the drawings now to follow, from fig. 131 to

fig. 144, is given in fig. 130.

354. Fig. 131 is a sectional drawing, showing connection between foot of

king-bolt aud struts

—

a a, a a the tie-bolts, c c the struts, d d the king-bolt, /
a section of king-bolt, b b bolts which pass through the ends of the struts c c,

the upper and under plates s 5, * s, and the ends of the tie-bolts a a. A plan

view of the connection is given in the upper part of the drawing : k k shows the

form of the upper and lower plates s * $ ; h the termination of a tie-bolt, g that

Fig. lax

s 4

•cam rcn nam 131 to 144 inclchtvc
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JOININGS OF RAFTERS. 83

of a strut. The king-bolt passes through the central aperture t, and the whole

are secured by the boltB b b passing through the holes e e.

Fig. 131.

355. Fig. 132 shows the method of attaching the upper end of a strut to a

rafter. In fig. 132, a a is the rafter, 5 6a plate (there is a corresponding plate

on the other side) attached to the rafter by a bolt passing through the plates

and the rafter at d. The end of the strut c is cut off to suit the slope of the
rafter as shown by the dotted lines, and passed between the two plates above
described, and secured by rivets or bolts—rivets being usually employed.

356. The method of joining the foot of strut m and of queen-bolt/ with the

tie-bolt a d, fig. 33, is illustrated in fig. 133, where a a is the tie-bolt, d
the strut, c the lower collar of the queen-bolt, terminating in a bolt b, passing
through the strut rf, upper washer e e, tie-bolt a a, lower washer e, and secured
by nut /. Fig. 134 shows the plan of tie-bolt corresponding to a a, fig. 133,
with the expanded part, at the aperture b

f
tlirough which the bolt 6, fig. 133,

passes ; c is the section of the tie-bolt.

357. Fig. 135 illustrates the method of forming the connection between the
upper end of the queen-bolt c, fig. 133, with the rafter a a, fig 132. In fig.

Digitized by Google



84 PRACTICE OF CONSTRUCTION.

135, the upper part of the queen-bolt is jointed as at d, and provided with

two eye-holes at a a. The plates b b, fig. 132, pass between the forks a a of

the end of the queen-bolt in fig. 135 ; and a bolt is passed tlirough the bolt-

holes in a a, and the bolt-hole d in b ft, fig. 132, and is secured by a nut. In

fig. 135, b bIiows in view the bolt-holes at a o, c the section of the queen-bolt /,

Jig. 33 (# of an inch), and e the section of queen-bolt g inch), also fig. 33.

358. Fig. 136 illustrates the method ofjoining the upper extremities of the two

rafters in a ft, ac, fig. 33, the ends of which are cut off at right angles to the direc-

tion of their length, as shown by the dotted lines e and d, fig. 136. The king-

Fltf. 133.

I' 3)

a
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0
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bolt-head a a is made of cast-iron ; and space is provided between its two project-

ing ends, as shown at a a, fig. 138, into which the ends of the ratters are inserted,

and secured by bolts and nuts or rivets passing through the " head " a a, fig. 136,

nnd the rafters. The upper part of the head is terminated by a recess 6, formed

between two plates b ft, fig. 137, into which the ridge-pole is placed. In the solid

part of the head a core-hole is cast, into which is passed the upper end of the

king-boltg g ; this is

fixed by a key driven
through slots made
in the head, and the

key-seat in the bolt

:

h is a tie-bolt, with

its bolt-hole /.

359. Fig. 137 is an

end view of king-bolt-head; a a the slot into which the rafter is passed, b b the

part sustaining the ridge-pole, c the king-bolt. Fig. 138 is the plan of the king-

bolt-head.

360. In fig. 139 we give the drawing of a 25-feet-span roof/ gy
in which the
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CAST-IRON STRUTS.

"king-bolt" at c b is dispensed with, and two struts, de.de, aro used, with tie-

bolts ce,ce. The dotted lines giahfand di.dk show the position of the struts

and tie-bolts before being braced up into the positions shown by tho black lines.

Me. 14a

/

3

tm

.141.

tOWBR T»HMIK»1IC» OF HWt
L-fPtit «sn> or CA»r-ino.s »iK:r.

Ffc.141361. In fig. 140 we give a side and end elevation of a form

of cast-iron strut adapted to the form of truss in par. 358

;

a a part of the rafter, b b the strut, secured by the bolt c.

In the side elevation d is the lower part of the strut, e e the

sides of the upper part, / the place in which the rafter a a
is put, g h the bolt. In fig. 141 we give side, and in fig. 142

edge, elevations of the lower part of the strut a a b 6, provided

with a bolt-hole at c.

responds to the tie e

the tie e b e in fig. 139 ; the part of the tie af g, fig. 141, to

the tie e c, fig. 139. The whole of these, as rf, «, g, figs. 141,

142, are secured to the strut a a b b by the boltf.
362. In fig. 143 we give a front, and in fig. 144 a side, elevation of tho

Fig. 14& FU?. 144.

\ The part of the tie shown at « cor- rL *

/in fig. 139 ; the part at d, fig. 141, to

EQ m

--

JOMCTtoic or : I. HUCUT, »VI) TUB. If IV1IKK op nr> H3

assemblage of rafters, ridge-pole, bracket, and ties, for a roof, as of fig. 139 :

a a the rafter-head, or box, formed of two cast-iron plates, which embrace the
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ends e of the rafters, awl are secured by bolts

/

f. They are provided with two

snugs b b, to which the ties it k are bolted by the bolts d d ; the brackets g
cast to the sides of a a, support the ridge-pole box or shoe h h in the cavity

t of which the ridge-pole rests.

363. Wo shall now give a few useful rules for calculating the dimensions of

cast and wrought iron beams and columns ; and first, as to rectangular beams of

cast-iron.

364. In par. 124 we gave a table of results of experiments made to ascer-

tain the strength, &c. of cast-iron from the principal iron-works of the king-

dom. The following is the rule deduced from these experiments by Mr Fair-

bairn, to calculate tho breaking-weight of rectangular beams of cast-iron:

" Calling b and d the breadth and depth in inches, and I the distance between

the supports in feet, aud putting 4.5 for 4 feet 6 inches, we have the rule

4.5 x b d' * ....
~2
—- - breaking-weight in pounds,

the valuo of s being taken from the column of mean breaking-weight in lbs.

in the table given in par. 124. For example, what weight would be necessary

to break a bar of Lowmoor iron 2 inches broad, 3 inches deep, and 6 feet be-

tween the supports? According to tho rule given above, we have b=2 inches,

d=3 inches, /=6 feet, and * 472, from the table. Then

4.5xU%=4.5x2x3»x472
• j«

j -q 6372, the breaking-weight in pounds."

365. In par. 146 we briefly detailed the experiments of Mr Hodgkinson to

ascertain tho best form of beam or girder, an illustration of which we also gave

in figs. 19 and 20. The following is a simple rule for calculating the strength of

beams of the strongest section :
44 Multiply the area of the section of the lower

flange in tho middle of the beam by the depth of the beam there, both in inches,

and divide the product by the distanc e of the supports on which the beam rests,

in feet. This quotient multiplied by 2.14 will give the breaking-weight."

366. The permanent load of a beam in tons can be found by multiplying the

depth d of the beam in inches by tho area a of the bottom flange, and divid-

ing the product by the length / in feet between the supports. Thus, of a beam
10 inches in depth, with the area of the bottom flange 24 inches—12 inches

wide and 2 inches thick—with a distance of 20 feet between the supports,

the permaneut load is

10 x 24—gy-- 12 tons.

This rule is given in Weale's Engineer's Pocket-Book as simpler than that given
in par. 365 of Mr Hodgkinson's, and as only slightly differing (7 per cent of
excess) from it in results. The weight in tons, as found by the above, 12 tons,

is calculated as the permanent load distributed over the beam ; the permaneut
load being assumed as one-fourth of the breaking-weight. Thus, by Mr Hodg-
kinson's rule, tho breaking-weight of the beam, the dimensions of which we
have given above, is as follows : a, area of Iwttom flange, multiplied by A,

depth of beam, divided by Z, the length between the supports, multiplied by
2.14 ; then

—

24 x 10
-

—

2()
— = 12 x 2.14 = 25.68 the breaking-weight in tons.

The permanent load of which, taking it at one-fourth of the breaking-weight, is

over 6 tons at the centre, or 12 tons uniformly distributed.
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BHEAKING-WEICHT OF IRON BEAMS AND PILLARS. 87

367. A rule for calculating tho breaking-weight of tvrought-iron beams of

the form given in fig. 108, by Mr Fairbairn, is as follows :
" Let w repre-

sent the breaking-weight in tons, a the area of the bottom flange, d the depth
of the beam, and I the distance between the supports in inches ; then we
have

a d

For the size of the beam, as given in fig. 108—namely, area of bottom flange

5.5 inches, depth of beam 22 inches, and distance between supports 360 inches

—the result is as follows : "The constant multiplier used being 75

—

75 x 5.5 x 22
2^ = 25.2 tons, or 50.4 tons distributed equally over the surface."

368. The following rules are those given by Mr Hodgkinson to calculate the

breaking-weight in tons of cast-iron cylinders or columns, fixed at the ends, and
flat.

d "

it = 44.16 ~ Btren£th °f a solid cylinder.

d m— t"
w = 44.34

J~\~j
= 8trenStk °* a hollow cylinder.

w is the breaking-weight in tons ; d the external, and i the internal diameter

in inches, and I the length in feet. If pillars, with flat ends, be shorter than

30 times their diameter, they will be crushed as well as bent, and the value of

the breaking-weight w will require to be modified by the following formula :

—

w c

w + t c.

c is the weight that would crush the pillar in tons if it were so short as to be
broken without flexure. To find c, multiply the area of tho section of tho pillar

in inches by 49.

369. The reader is recommended to use a valuable table in Adcock's, Engi-
neer $ Pocket-Bookfor 1857, containing the " ultimate breaking-weight in tons

of cast-iron pillars, solid and hollow," for lengths from 1 to 20 feet, at every
half-foot ; and for diameters, from 1 inch to 24 inches, calculated from the above
formuhe. The following sizes and breaking-weights of hollow pillars of some
useful sizes are deduced from the abovo formula? :

—

370. The breaking-weight of a pillar, 3 inches outside and 2 inches inside

diameter, and 6 feet high, is 52 tons ; same pillar, 10 feet high, 36 tons ; 12 feet

high, 26 tonB ; and 14 feet high, 20 tons. The breaking-weight of a pillar 4 inches

outside diameter, and 3 insido, 8 feet high, is 123 tons; for a 10-feet height,

84 tons; for a 12-feet height, 62 tons; and for a 14-feet height, 47 tons.

The breaking-weight of a pillar, 5 inches outside and 4 inches inside diameter,

and 8 feet high, is 234 tons ; 10 feet high, 160 tons ; 12 feet high, 127 tons ; and
14 feet high, 90 tons. The breaking-weight of a pillar 6 inches outside and 5

inches inside diameter, the height 8 feet, is 393 tons ; tho height 10 feet, 269
tons; 12 feet, 198 tons; and 14 feet, 152 tons. In those cases the thickness

of the metal is ^ an inch. Making it 1 inch, tho breaking-weights for heights

of 8, 10, 12, and 14 feet, will be as follows : External diameter, 3 inches
;
internal,

1 inch—66 tons for 8 feet, 45 for 10, 33 for 12, and 25 for 14 feet high : External

diameter, 4 inches; internal, 2 inches—174 tons for 8, 1 19 for 10, 87 for 12, and 63
tons for 14 feet high : External diameter, 5 inches

;
internal, 3 inches—356 tons
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for 8, 243 for 10, 178 for 12, and 137 tons for 14 feet high : External diameter, 6

inches
;
internal, 4 inches—627 tons for 8, 429 for 10, 314 for 12, and 231 tons

for 14 feet high. Half the breaking-weight should only be laid on pillars.

371. For the following formula for calculating the weight which a pillar will

support, in pounds, of solid cast-iron, we are indebted to Mr Weale's Engineer $

Pocket-Bookfor 1855-56. Let a be the constant multiplier 956*, d the diameter

in inches, and I the length in feet ; then

4"7<f + 18 x f"*'
WGlg ^Pl^^*

Example : what is the weight which a solid cast-iron pillar 4 inches in diameter

and 10 feet high can support ?

958' x 4< _ 233907616 =
4 x4*+ 18x 10 8200 ' *

372. For hollow cast-iron pillars, the rule is to calculate the weight which
solid pillars of diameters equal to the internal and external diameters of the

hollow pillar would contain, and take the difference between them as the weight
which the hollow pillar would support.

373. Section Fifth—Machine Construction.—In this section we shall give

illustrations and descriptions of the component parts of machines, their form,

and the methods of "fitting" them together, concluding with some useful cal-

culations for determining the dimensions and proportions of the various parte.

374. The following will comprise the most important parts of mechanism :

—

Shafts—Pedestals, Plummer-blocks, or Bearings in which Shafts work—Pulleys,

—Toothed Wheels—Spur and Bevil Gearings—Eccentrics—Cams—Connecting-

rods—Cranks—Clutches.

375. Shafts are now generally made of cast or wrought iron, rarely of wood.

Fig. 145 represents a cast-iron shajl adapted for the steam-engine, of which wo
give a front and side elevation, in the Plate entitled Crank Steam-Engine.

The part in which the shaft revolves, as c, is called the "neck" or "journal,"

Fig. 147.

Fig. 145.

cisr iBON *uirr—»rAi r. 1 i*ra to mr r> or.

Fig. 144

i

ritot(tiivir.^:i urmrL* ou *mn—
2 i*..n«» iu iui ico:

! OWlrR TERMINATION r«F

veuti' u «H»rr—«<-ai T.

1 IN-.-H T*> TUK ro^T

bn "collar" or "ruff," de "bosses" on which the eccentrics are keyed.
The " bosses" are sometimes made with "ribs" or projections, as at/, and at^^r
in section. These are made flat to act as the l>ed of the key, which secures

tho eccentric or wheel. At the part a the " crank " is keyed on.

376. In fig. 146 we illustrate a wrought-iron shajl: when of Binall size, it is
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GUDGEONS AND COUPLINGS FOR SHAFTS. 89

termed a "spindle;" a d are the "necks" or "journals," b e/thc "rufls" or

"collars/' c a boss.

377. These shafts revolve horizontally, but when shafts revolve vertically their

lower extremities run in bearings, and are made of suitable form. Fig. 147

illustrates the lower extremity of a vertical shaft a, the lower part b accurately

turned to run in the bearing, hereafter to be described, c the key-seats.

378. In heavy mill-gearing the shaft of the water-wheel is sometimes still

made of timber. In this case the parts which revolve in their bearings must of

necessity be made of iron. These parts are more frequently termed " gudgeons "

than "journals." Fig. 148 illustrates a method of fixing the "gudgeon" of a
timber shaft. Let a represent the end of the shaft in elevation, the part b is

reduced, forming a neck or shoulder at its extremity. The end elevation of the

shaft thus formed is seen at c d ; mortises are cut in the end of the form of

efhg, with a central aperture t, the depth of which is equal to the part b. The
"gudgeon" or "journal" Z, with " collar" m, is cast along with the solid box it,

to which four arms are cast, of which two are seen at n /?, the four forming a

rig. ua e

c ... s 1 uiu iu thx root.

OUCHES rr.R not I nw (T/HT-IHr.M ill

•04U, 1 am 90 mi n*>T.

ifhff. The section of these arms is not rectangular or of equal thick-

ness, as at o, but is formed, as shown at r, with the back thicker than the front

edge. This is done so that when the arms of the cross are driven into the

mortises efh g, and iron hoops are driven and wedged over the collar 6, the arms
dovetail into the mortises ; * shows half of one of the hoops, / u the half eleva-

tion of the two as they are placed on the collar b.

379. Heavy cast-iron mill or water-wheel shafts are usually cast hollow, as

at a a a, fig. 149. The end is ter-

minated by a flange b b, and the

part c c is carefully bored ; the

"gudgeon" d e fits into c c, and is

bolted to the flange b b. A front view
of the outer end is Bhown atfgg

:

/is the end of the collar of the gud-

geon e, g g the circular flange of the

solid part d with the bolt-holes.

380. When shafts are required

to be joined to make up certain r-7
"

lengths, what are called couplings are $
*

used to effect the junction. The I

jj

forms of couplings are very nume-
i; we only illustrate three, the

n»in ir " ascd " nor-Ni. " conn mo M» autrtn—
1 im u TO TUB »OOT.

4
' half-lap" and the "square," and the "round box coupling." The half-lap is
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illustrated in fig. 150 : a b are the ends of the two shafts to be joined at c, with

the half-lap joint (so called from its resemblance to the half-lap joint c d used

in carpentry, fig. 76). The ends of d e are terminated by a boss g g, over

which a coupling-box/or h h in section is passed to keep the shafts together,

and keyed on by the key 1 1. The section is shown at k, I the shaft, m the key,

k the coupling-box. The round coupling is shown by p in the same fig. 150:

n o are the extremities of the two shafts, squared up and butting at the ends.

A round " coupling-box" embraces the two, and the whole are secured together

by the two pins r and q driven in at right angles. In the elevation s t are the

ends of the shafts, u the coupling-box, v v the pins. Tliis form is only used

for small shafts or spindles,

as heavy strains soon cause
Filial.

d
__rn t

d

rtr.KO-.-ourr won. aunLL «mrT»—»c»i * m no 130

the pins, on which the

strength of the coupling

depends, to work loose.
l«. i mot! to th* nwr The square coupling is

shown in fig. 151 : aft, the two shafts, aro terminated by bosses c c; the ends

may either abut, as at n o, or be formed by the lap-joint at c, both in fig. 150.

A squaro coupling-box d rf, fig. 151, embraces the bosses c c, and are secured

together by the bolts and nuts ef;g shows the section of one of the shafts, and

h i the upper and under halves of the coupling-box.

rig. ua. 381. Where the shaft, as a hori-

zontal one, a, fig. 152, is to be
joined to another which forms an
angle with it, as 6, the coupling

used is known as the 44 universal

joint " or " swing joint. " The
drawing illustrates the method
adapted to small shafts, as the

shafts of "chaff-cutters," &c. The
box c c is keyed on to the bed
of the shaft a by the key d. A
section is shown at fg h : / is the
shaft, g the box, and h the key
passing through the whole ; the
dotted circle shows the "bead"
of the box. The box c c is pro-

vided with two " snugs " e and k k.

Into the spaco between these the

end /—edge view at m—of the

angle shaft b is inserted, and the
joint completed by a pin or bolt

passed through. A front view of

the box c c is shown at t; k k the

^ snugs, the key. An end view of
c J the box c c is seen at n.

\ 382. A form of universal joint

adapted for heavier shafts, as

where horse - power is communi-
cated to a churn, straw-cutters, &c, is shown in fig. 153. The end a of
the horizontal shaft is expanded into a fork b b, the extremities of which
are made to embrace the 44

collars" g g of a 44 cross " shown in fig. 154. A
side view of the shaft a, fig. 153, is shown at c ; d the collar of the cross, t the

CMTlMiL JCl*T-»r»U IK TIO 130
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wrought-iron "cap"—separate view at o—keyed to the ends of the forks by

the key// and h h. The dotted lines around / show the position of the shaft at

an angle to a. In fig. 154, wliich is a plan of the u cross," a a are the collars em-

braced by the ends b 4, fig. 153, while b fig. 154, is one of those embraced by

the end i of the angle-shaft /, fig. 153. In fig. 155 we give another fonn of uni-

versal or coupling joint, addd being the plan, ebeb the side view. In fig. 156

FUf. 154. ITg. 145.

«•«•• m» OMtTlMii. JOIST
w flu 130

Fig. ISC

no. 130

we show a cross a ; the bolt-hole is at 6, through which a pin or bolt passes

to connect the fork of the other lever, as b 6, fig. 153. The other arm of the

cross a is hollow, through which a bolt d e/ passes connecting it with the ends

of the fork d d, fig. 155, the whole secured together by the nut/.

383. We now come to illustrate the bearings in which shafts revolve. The
simplest form of a bearing is illustrated in fig. 157, where a a is part of the

framing, curved at the part c to admit of a semicircular slot being made

rtg.ia. Fig. im.

Fig. nr.

1 ijj^b to inn roov
r; aw r-r mnivi mn

•mi t, irmn: »

—

h;ai it.

1 skcu iu rtir rr>ri

:

F*Vt HxtniSO r K lilt!.].

II IT Nut IT 1 At 1C. 1 lKt-U

Tu tiik ru-or.

in its upper side, the radius of which corresponds to the diameter of the collar

or neck of the shaft in b. The collar is embraced in its upper part by the

cap d, which is bolted to the framing a a by the bolts e/and nuts g h. In fig.

158 is a top or plan view of the same ; a a the shaft, b the cap, c c the framing,

d d the bolts.

384. In the method illustrated in fig. 157 the shaft revolves upon iron

surfaces to lessen the friction ; the method in use is to make the collar of

the shaft revolve on brass surfaces. These surfaces are constructed in vari-

ous ways, and are termed bushes or brasses. Fig. 159 illustrates brasses

adapted to the bearing in fig. 157 : a shows a side view of the lower bush
and b the upper, and d a section across the middle of both. The semicircular

part of the lower bush rests on the curved part c, fig. 157, the upper being

embraced by the cap d; the cap, being screwed down, keeps the bushes
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KIR. IfiO.

always in contact with the periphery of the neck of the shaft, while the flanges

at the end of the hushes prevent any lateral movement. The distance between
the flanges is sufficient to allow of them passing the edges of the part c and

the cap d. A sectional plan of the

lower bush is shown at/ 6g. 159,

the part in which the shaft lies.

An end view of the two brasses is

shown at e, and the flanges of the

brasses are shown at e, fig. 158.

385. The method illustrated in

fig. 157 is adapted for small shafts

or spindles. Where long shafts

are used, the bearing-surfaces are

supported in what arc termed pedestals or plummer-blocks. We illustrate in

figs. 160, 161, 162, 163, the various parts of the pedestal in which the crank-

shaft / revolvos of the steam-engine, of which we give a front and side view in the

Plate entitled Crank Steam-Engine. In fig. 160, a a is the Ixxly of the block or

fROMT il_KV»l;->N AMI 1 I»1SB-1R»« «K. I H.-M OT r»U»»I»l>—
•4 ALL 1 1M.U TO Ull n.:n.

Klg. ML

r
o §>> C-

i

I
HOKi/'-.-rAi, Ht.'Tias or ywi>j ^ ta t , t,n a-iko

KH-it.'K *•<: 11 .A* »r»l.«.

1 u : u i II K r 1

pedestal, secured to the entablature on which it

rests by bolts and nuts, as shown at a ; b 6, the cap
secured to the block by the bolts and nuts c c;

d the upj>er, t the lower brass. In the section in

same figure, g g is the shaft
;
ytho neck or journal,

corresponding to c, fig. 145 ; h the lower part of the

block, aa;i the lower, andj the upper brass ; k the

cap. In fig. 161 a section through the centre of

the block is given at 11 ; m the part with three-

sided bottom, into which the lower brass e, fig.

160, ory, fig. 162, is made to fit ; n n the bolt-

,1-^ |. J / holes, through which the bolts securing the cap

0 pass. They aro made with recesses at the lower

part, to admit of the head of the bolts being
flush with the bottom of the block, thus giving

the block a fair bearing on the entablature on which it rests ; o o the

bolt-holes for the bolts securing the block to the entablature. The section of

the cap is shown at p p, of the three-sided part fitting in to the corresponding

sides of the upper brass jc, fig. 162 ; r r the bolt-holes through which the l>olts c c,

fig. 160, pass ; a s t w the plan of the cap. A conical aperture is made in the
rig. i«4 centre of the cap, at f, and which also passes through

the upper brass at k, fig. 160 ; this allows of oil being
poured down to lubricate the shaft f, as it revolves.

In fig. 162 we give various viows of the brasses : v a
side-elevation of the upper, and w of the lower brass;

xy corresponding sections ; z a sectional plan of x or

y : both are alike in plan.

386. In fig. 163 we illustrate the method of fitting

the pedestal into its place on the upper sido of the

entablature a a. Tho bed or upper surface, as A A, is

carefully dressed with the cold chisel, and where accurate adjustment is required,

a piece of millboard bedded in whitcload may be placed, on which to rest the
block ; holes corresponding to those made in the entablature must be made in

the millboard, to allow of tho bolts passing through which secure the block to

the pedestal. On the upper fact; of the entablature a a or// two snugs or projec-

l<r:»HTi ,-a n mm i r it- r-iTAL

B< a:_I, I IS -II I' :ur I j-jI
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BEARINGS FOR VERTICAL SHAFTS. 93

tions are cast, bbor g g. The distance between these is such as to admit of the

body of the block being passed be- Fig. kb.

tween, and to leave spaces, as e e.

The block is now laid in its place,

and secured by tho bolts and nuts.

Iron or wooden keys or wedges are

then driven into tho spaces e e
;
by

these any degree of lateral adjustment

to the block is given ; vertical adjust-

ment being obtainable by the tluek-

nessof the "packing" of millboard,

&c. on which the pedestal rests. The method by which the various parte are

put together is as follows : Premising that the various surfaces are brought
to accurate bearings by means of chisel and file, the bolts are first

pasBed through the holes n n, fig. 161, and then the body of the block,

as a a, fig. 160, is carefully adjusted and bolted to the entablature a n,

fig. 163; the lower brass fig. 162, is then put into the lower part of

the block m, fig. 161 ; the shaft is then lifted into its place, resting on the

brass y, and the upper side of it is embraced by the upper brass x, fig.

162; the cap p p, fig. 161, is then put on; the bolte c c, fig. 160, are then

passed through the holes r r, fig. 161. The whole are then secured by the nute

««, fig. 160.

387. The bearings of vertical shafts are placed in what are called steps.

A simple form of this is illus-

trated in fig. 164, which is the

working drawing of various

parts of the step adapted for

the governor t of tho steam-

engine, of which we give a

front and side view in Plato

entitled Crank Steam-Engine.

The lower extremities of the

governor spindle is shown at

a b ; to the upper side of part ««r

of the bracket c c (correspond-

ing to u in the Plate) a part d is cast. Bolt-holes are l>ored in this, in the

positions shown in the plan as at i, which are tapped to receive screws. By
these the bush e ff is secured to the part d ; the extremity b of the spindle a

runs in the hollow part of e ff, and the oil is passed to lubricate it through

the hole h in the section, and g in the plan. The method of fitting the parts

together will be obvious from the drawings, the part e fitting into and secured

by the bolts to d.

388. Steps for heavy vertical shafts, as the shafts of millstones, require more
complicated adjustment than those we have now illustrated. In fig. 165 we
give viewB of a step for a millstone shaft ; aaa the curved bridge or pedestal,

supporting a box 6, contains the brass bush in which the extremities of the

shaft c revolves. This box is shown in section at /; this is capable of lateral

adjustment by the four "set screws" d d d d shown in g1
the plan of box.

Another adjustment is required in millstone shafts—that is, a vertical one, so as

to bring the millstones nearer to, or take them farther from each other. This is

effected in various ways, one of which is shown in fig. 165. The brass bush

rests on the extremity of a short lever or stud, wliich passos through the bottom

c» buhimd * Trnrir*! «fiwi I »—SCAM,
1 ixcu ro :n» rtoi
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of the box b and step a a a, and is screwed as at o in section /; the lower end
of this lever or stud moves in

a bearing the sole-plate of the

pedestal a a a. A lever-wheel
e is keyed on to the shaft A, by
which it is turned from right to

left, and the block b, or/, in sec-

tion, raised or depressed accord-
ingly, and with it the shaft c.

389. Fig. 166 shows another

method of adjusting vertically

the block b in fig. 165, of a

millstone shaft : a is the stud

which the block rests,on

«r*u, | ntru to mi ro^.-

Fie. lflfl.

32

2/

AuJLtivriir nrim on mir rr.« 4 uiu. imri—
\ IWOB IO TUB FOOT.

jointed at b to a lever c c, the

end of which is connected with

a stem <7, bolted by a nut e to

the plate//, on which the step

a a, fig. 165, rests; the screwed
lever gy

fig. 166, is jointed to

the other extremity of c c, and
is adjusted by the wheel h.

390. The upper end of ver-

tical shafts revolves in bear-

ings, of which fig. 158 is an
example ; this fig., represent-

ing the upper bearing for the
u governor spindle," of which a 6, fig. 164, is the lower extremity ; a a, fig. 158,

is part of the bracket v of the steam-engine, of which we give a front and

side view in Plate entitled Crank Steam-Engine. The reader will find in par.

383 a description of the various parts of this form of bearing, it only being

here necessary to state that it refers to a bearing for a horizontal shaft

—

tho same illustration

serving for that of

a vertical one, with

this difference, that

fig. 158 is lettered as

an elevation, while

for the vertical bear-

ing of the spindle,

a b, fig. 164, it is in

plan. Thus by hold-

ing fig. 1 58 so that the

line x x will be hori-

zontal, it will repre-

sent the elevation of

Fig. 187.

I

BCAIM, ) IVOR TO IBB FOOT.

the vertical bearing, the shaft a a being vertical; while by reading it as printed,

it represents a plan of a horizontal bearing, the same shaft a a being hori-

zontal. In fig. 165 we give at jjan illustration of another bearing for the upper
extremity of a vertical shaft /, the brass bush k being bolted to the framing j j.

391. When horizontal shafts are carried along under ceilings, or suspended
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FiK. 108.

o <i •

from part of a machine, the bearings are supported in what are termed

hangers or gallows. In fig. 167 we illustrate a form of this ; a the shaft,

revolving in a brass fitted into a correspondingly curved part 6 of the

hanger, which is secured to the ceiling, &c. by the bolts and nuts c c: d is the

"cap," which is screwed to the part b
; / is a front view, and g a section of the

cap ; h a front and i an end view of the brass or bush. The other figure to the

left represents another form of hanger or gallows ; it is also secured to the

ceiling, &c. by bolts and nuts ; the cap is secured by the key k Z, instead of

by bolts ; m is a front view of the cap with key-seat n.

392. When horizontal shafts are carried along the face of a wall or part of a

machine, the bearings are supported on brackets,

of which a form is given in fig. 168 ; a a re-

presenting the line of wall, b b the bracket,

secured to the wall by bolts and nuts. The
usual form of pluninier-block or pedestal is fitted

in the space c between the two snugs. A front

view of the bracket is shown at d e. In de-

signing brackets and other parts of machines

subjected to strains, the principles of framing,

already explained from page 34, should be care-

fully borne in mind. Thus, in a bracket, as in

fig. 168, the part b b supporting the table c should

not be composed of curved lines (see par. 15).

393. In fig. 169 we give three views of a spindle-guide: as for the rod of

a slide-valve, a is the section, b b the end view, c the aperture in which the

rod slides, d the side view, and e the plan.

394. We shall now illustrate the methods in use by which motion is com-

municated from one part of a machine to another. The first of these we shall

Fig. i»

f.
e

Ll

o « o

BRAi'»n« FOR OM"OK1
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Fig.m

artioLa-aciD 1 IKCH TO THI W>OT

notice are pulleys fixed to shafts. Tn fig. 170, a a is the shaft, b the pulley, e

the central boss. A section is given at e e,f the shaft. A key-seat is cut in

the boss, and a key g is driven in, securing the pulley on the shaft / The

periphery d d should be made convex ; if made flat, the belt or driving-strap

will be continually slipping off the pulley ; if convex, the tendency of the belt

iB always to keep to the highest part, which is consequently placed in the

centre of the breadth of the rim. A form of pulley with a hollow or cavity

rim—used for ropes or circular belts, or wire ropes— is shown at h, h h being

the cavity in which the rope runs, i the shaft, and k the key. For the forms of

the arms of the pulley, see the various machines figured in the course of this

work, as in the portable thrashing-machine of Messrs Garrett and Co.
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395. Whore driving-belts slip on the pulleys, a little powdered rosin strewed

on their peripheries will often cause them to " bite." To obviate tlus risk, and
to secure the transmission of the power from one point to another, " gearing-

chuins " are frequently employed. A notable instance of the application of these

is in the Scotch thrashing-machine. In connection with the description of this

machine, the reader will find illustrations of the mode of construction of the

chain-gearing.

396. Motion is communicated from one point to another through the inter-

vention of toothed wheels. In a system of toothed gearing, the larger wheel,

as in fig. 171, is called the "spur-wheel," the smaller the "pinion." When
the whole of the wheel or pinion is of one material, as iron or brass, the teeth

are called " teeth ;" but when the frame or body of the wheel is of iron and
the teeth of wood, the latter are termed " cogs." The teeth of pinions are some-

times termed "leaves;" usually, however, the word "teeth" is used for teeth

of wheels and pinions alike. The driving-wheel, wliich is fixed on the shaft

giving the primary motion, is termed the "driver," the other the "driven" or
" follower." When the teeth of two wheels are acting in contact, they are said

to be in " gear," or "engaged ; " when they are taken out of contact they are said

to be " out of gear," or " disengaged." The methods of tlirowing wheels out of

and into gear will be described hereafter.

won or a*TT!Ki>-ocr t«*tii o» winter*.

397. The lino a b
}
fig. 171, joining the centres of two engaged wheels, is called

the " line of centres
;

" the two dotted circles r s, t u are termed the " pitch

circles," and touch each other in the line of centres at the point z. To enable

two wheels or a wheel and pinion to work together satisfactorily, it is necessary

to proportion the diameters of these pitch circles to the number of teeth con-

tained by each wheel. We shall give hereafter the rules by wliich these pitch

circles are proportioned.

398. These pitch circles are divided into a number of equal parts, corre-
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sponding to the number of teeth in the wheel or pinion ; the distance between
two of these divisions is termed the 44 pitch " of the teeth. Each division so set

off comprises a tooth and a space. By space is meant the opening or interval

between any two contiguous teeth.

399. In order to enable the teeth of wheels to work in contact with as little

friction as possible, and in the proper ratio of velocity, it is important to decide

upon the form of the tooth. To ascertain this, mathematicians and engineers

have instituted the most elaborate investigations, the result of which lias shown
that the curve best fulfilling the conditions required in the working of teeth in

contact is what is termed the 44 epicycloid" curve. Where perfect accuracy of

working is required, it is advisable to set out the teeth with this curve ; but as

a portion of this curve resembles very closely the arc of a circle, the practice

is sufficiently accurate which describes the form of teeth by portions of circles.

In fig. 171 is one method of describing the form of teeth by this means. Let
rs be tho pitch circle of the 44 wheel," and / u that of the 44 pinion." Divide

these into equal parts corresponding to tho number of teeth in each, as d, r, n,

in the smaller figure on the right ; draw lines through these to tho centre of the

wheel and pinion, as to a and b. Let us set off the form of one tooth as of r.

Divide each of these parts d r and r n into four equal parts, d efg r and
rilmn. From tf, set off d c, equal to one of the parts, as d e, and from n,

another part n o. Then fromf as a centre, with the radius f c, describe the

semicircle c », and from I as a centre, with the same radius, describe the semi-

circle g o ; the arcs g h and i it will then form the sides of the point of the

tooth r. Having decided on the depth of the point of the tooth g k, the proportion

of which wiH be given hereafter, from a, tho centre of the wheel, describe the

arc h it, wliich gives the face of the tooth. To form the flanks of the tooth, take

d as a centre, with tho radius d g, describe

the arc g q, and from n, as a centre, with tho

same radius, describe the arc i v. Having
decided on the depth of the flanks, which we
suppose to be g qy

from a as a centre of the

wheel with the radius a q> describe the arc

pq v w: p q and v to are the spaces between
the teeth. In like manner the flank of the

tooth <f, «jp, and that of the tooth n, rn u?, are

described from the tooth r as a centre. A
Bimpler method of setting off teeth is shown
in fig. 172, where the number of the teeth,

the sides and depth of their points, and the

depth of their flanks, are set off in a similar manner to that described, but the

flanks are formed by simply drawing lines from the pitch circle at its junction

with the sides of the tooth-points to the centre ofthe wheel. Thus are the teeth

i, c,/ formed.

400. In setting out the teeth, care should be taken so to proportion the

number that they Bhall not repeatedly engage with each other. This wnll

happen if the number of teeth in the wheel is divided by the number in the

pinion without a remainder. To avoid this, let the number of the teeth of the

wheel be such that it can be divided by tho number in the pinion without

a remainder ; then add an additional tooth to the wheel. By this arrange-

ment the wear will be equalised, as no teeth will engage twice until all the

others have been in contact. The odd tooth is sometimes called tho 44hunting cog,"

or, as is more frequently stated, the number of teeth in tho wheel is
44 prime

"

a
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ttg. ITS.

roiu* ti ct^». *ho •iciiow or arm or »SHt*

to the number in the pinion. The spaces between the teeth will require to be

of such a size as not only to admit of the easy insertion of the teeth of the other

wheel, but to admit of a certain degree of 44 play." All the teeth must be of

uniform size throughout, and so arranged that, as the last teeth in action cease to

touch each other, the two succeeding shall come into action at the same instant.

401. Where the teeth of a wheel are of wood, those of the pinion being of

metal, or vice versd, the thickness of the teeth will obviously vary, in order to

gain an equal strength in the teeth composed of different materials ; but in all

such cases the 44 pitch" of the teeth must remain the Bame. The 44 cogs," of

wooden teeth, are made with tenons slightly tapered, and driven into mortises

made in the riin of the wheel, and are secured by iron pins, as a b b, fig. 173, or

by double wedges, as d e, behind the

/-^. dovetailed ends of the teeth c c. A

[
I double shoulder is given to the teeth,

I \ as at g, which admits of a stronger

tenon, and of a less weight of metal in

j
the web of the wheel.

0 J

402. The 44arms" of open wheels are

„ generally proportioned to the diameter,

from six to eight being the number
generally employed. They should be

so arranged that the feathers, as x x,

fig. 171, or n n, fig. 173, which

strengthen the arms y y, fig. 171,

should be placed, as in fig. 173, at

the back of one of the teeth in wheels altogether composed of metal, and

between two of the teeth where wooden cogs of bocch or plane-tree are used.

In fig. 173, n n, i i shows a section of the arm of a wheel. When pinions are

small, arms are dispensed with, and the central part cast solid.

403. For ample instructions as to the construction of patterns of toothed

wheels, we refer the reader to parts 5 and 6, Is. each, ot the Practical Draughts-

man's Book of Industrial Design, published by Longman and Co. of London.

We do not deem it necessary to give these drawings, as toothed wheels of all

pitches and diameters usually employed are kept in stock by many iroiifounders,

and can be bought cheaper than they can be made.

404. In fig. 174 we give a sketch of a ratchet-wheel and pawl used in various

raacliines, as windlasses, &c. The ratchet-wheel b b is

<* keyed on to the shaft a, and is supposed to be revolv-

ing in the direction of the arrow c. The pawl or click

is jointed at its upper end to a stud d fixed in part of

the framing of the macliine. As the wheel revolves,

the end of the click passes over the face of the tooth,

and drops into the space between each tooth, as in the

drawing. Should the wheel b b have a tendency to re-

volve in the wrong direction, the end of the pawl catches

against the shoulder of the teeth of the wheel, and pre-

ratcu*t wurr, vk^i. ok C r ick. vents it from turning round.
4 405. Where toothed gearing is used to communicate

motion from one shaft to another, the direction of which is not in the same plane,

but at right angles, &c. to each other, the form of wheels known as 44 bevelled"

or 44 mitre" wheels is used. Numerous illustrations of these may be found

throughout the present work. Wheels of this land are conical or frustrse of

Fig. 174.
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Fig. 173.

cones, with flutes on their surfaces, the corresponding projections and indenta-

tions of which working in contact produce motion. The form given to the teeth

of wheels, as described in par. 399, is imparted

to these flutes or projections ; and the whole

are placed on the surface of the cones so as

to meet at the apeces, touching each other

throughout their whole length. The section of

the teeth is obviously not equal throughout,

bat diminishes towards the apex of the cone.

To proportion the surfaces of the cones of two
wheels working at right angles to each other

is comparatively simplo, the bevel or slope of

each being determined thus : Suppose the

shafts, or rather the central lines of the shafts,

a 6, 6 c, fig. 175, produced, they will meet in a

point J, from which, if a line be drawn to the

point where the circumferences of the two
wheels meet, as at d, the slope or bevel b d,

hg,oxb h, will be found. But in some cases

the shafts ab, ad, fig. 176, do not lie at right

angles ; to determine the form of the outline

of the "cones" for bevel-wheels in such cir-
rf

l

OF BBTTTVO OtTT 1

enmstancea, proceed as follows : Let a b, a d,

fig. 176, be the lines ofthe two shafts, ef the

diameter of the pitch circle of wheel, g h that

of the pinion. From a point j, parallel to

a b, draw a line at a distance from a b equal

to half of e /; draw the line j m, parallel to

a d, at a distance equal to half of g h
;
join

j a, and make j i equal to e /, and j n equal

to ghj j n being at right angles to a d, and

/ i at right angles to a b
;
join i a, n a; set

off from ir, a distance k q equal to py
the breadth of the face or web of the

wheel; parallel to t j draw q a, and parallel to,; n draw s t; then j $ t n is the
form of the wheel, j * q i that of the pinion. To develop the surfaces on which
to describe the teeth, proceed as follows : At right angles to aj draw from j a
line, cutting the line a b in b ; and also from j draw a line, cutting the line a d
atr; join v n, b i. From centres b and t>, with radii bj and v j, describe the arcs

} xijy'y ft"010 * parallel to a b drop the line s u?, cutting n*. m.

the line b j in u?, and from *, a line * o, cutting the line

/ r in z. From centre b, with radius b m>, describe the

arc w and from v as a centre, with radius v z describe

the arc z u. The larger and smaller circles thus formed
are those on which the forms of the teeth are described,

these all converging to the centres v and b.

406. A form of wrought-iron crank is illustrated

at fig. 177 : a a the journals of the two shafts, b

the crank, c the connecting-rod ; this is a " double

crank." If only one-half of this was used, and the connecting-rod c gave

motion to one shaft only, the crank would bo a single one.

407. A usual form of cast-iron crank used for steam-engines is illustrated in

fig. 178, where a is the front, b the side or "edge," and /the back view : a

if /
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section is shown at g. The end a of the crank-shaft, fig. 145, passes into the
circular eyes A, c, fig. 178, and is keyed in by a key which passes into the key-
seat or slot cut in the inside of the aperture c, A, as shown in the drawing. The
eye j is that into which the " crank-pin" passes, and in which it is secured by
the key or "cottar," which passes through a slot made at d in the end of the
crank-eye, and also through a slot in the end I of the crank-pin. The part of
the crank-pin embraced by the connecting-rod is shown at ro, of which n is a
section, and r an end view ; o is the front and p the edge view of the cottar or
key which secures / in the eye j.

408. A simple form of connecting the end of a connecting-rod with the
journal m, fig. 178, of a crank-pin, is shown at fig. 179, where a a is the termi-

nation of the connecting-rod ; this being finished with a semicircle of same
radius as the journal, as m in fig. 178. The strap or part c is similarly cut in

a semicircular form, and the end of the rod a a is passed between the forked

ends A, and secured by a key or cottar. A side view of the connecting-rod

and the strap is shown at g. In fittiug the parts together, the journal of the

crank-pin is embraced by the strap A ; the end a a of rod is then passed between
the ends of A, and the key d driven up. Another simple form of connecting the

end of a connecting-rod with the crank-pin is shown at fig. 180, where a a
represent the end of the crank, b that of the rod, wliich is provided with a
circular aperture ; the pin c is passed through this, and is. secured to the crank

by the bolt and nut d.

409. In both these forms the iron journal of the crank works in contact with

the iron of the rod ; to lessen the friction, brasses or bushes are provided, in

which the journal revolves. A method of arranging the brasses is illustrated

in fig. 181. Tho method of fittiug the various parts together is as follows,

a being a front and b c an edge view of the butt of the connecting-rod, d a front

and ef an edge view of the " strap." The position of tho " key " g and " gib " A
is shown at d ; i is an edge, a side view of the key, k I corresponding

views of the gib ; m n front and o p edge views of the brasses
; q a section,

and r a sectional plan of the upper brass *n, and s t corresponding views of
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the lower brass n. In fitting together the parts, the lower brass n is put

Fig. MLin its place in the semicircular ter

mination of the strap d ; the crank-
pin journal is then embraced on
its lower side by the brass and
strap ; the upper brass o is then
made to embrace the upper side

of the crank-pin journal; the butt

a is then passed down the end
resting on the brass o ; the gib h is

then placed in the slot/, and the

cottar g driven up.

410. In fig. 182 the upper termi-

nation of a steam-engine connect-

ing-rod is shown; c c the circular

head of the rod, with the hexagonal
eye a, into which the brasses b b

are accurately fitted, and secured by
the cottar d. A section is shown
at the right hand of the cut ; a is

the part occupied by the crank-pin

journal.

411. In some machines the con-

tinuous circular motion of a shaft is

required to communicate a recipro-

cating rectilineal motion to another

part, as to the pump-rod of an en-

gine, or the shaker of a winnowing
machine. A mode of effecting this

is by employing a crank, the con-

tinuous revolution of which imparts

a reciprocating movement to the

connecting-rod. A usual method of

effecting this movement in steam-engines is illustrated in fig. 183, which repre-

sents the various parts of an eccentric, as the contrivance is called. The body
of the eccentric a a is of cast-iron, secured to the shaft which passes through
the eye b by a key, as shown. The edge of the eccentric is not flat, but a rim or

groove is turned, as shown at the edge view at c and section d d e. The ring

d d is embraced by two straps //, A, secured in two halves by bolts and nuts,

as shown. The breadth of these is such as to admit of easy play between the

projecting parts d d ; and to insure ease of working, segmental pieces of brass

are riveted by copper rivets to the inside of the straps / /, h, the brasses

working in contact with the periphery of the ecceutric ring d d ; the oil for

lubrication is passed through the oil-hole i. The connection of the rod is shown
at^. The "throw" of the eccentric, or extent of the up-and-down motion of

the rod, is just twice that of the distance of the real centre of the eccentric ring

from that on which it is fixed to the shaft. Thus in fig. 183 the extent of

movement of the rod g, or the " lift" of the pump-rod to which we may Bupposo

it is attached, is just twice the distance of the centre of the eye b from the

centre of ring a a.

412. Reciprocating movement is sometimes obtained from continuous circular

by means of " cams." A common form of caw is that known as the 11 heart-
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wheel" illustrated in fig. 184. In the eccentric in fig. 183, the reciprocating

movement of the rod g is not uniform throughout ita stroke, the velocity in-

i : m ill

\ \.v\x, v
- *

\

t

I

:
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creasing during its first half, and decreasing during its second half. Uniform

motion is obtained by the heart-shaped wheel, when its outline is produced as

follows: Let b c, fig. 184, represent the vertical distance through which the

rod, as c d, has to rise and fall, and a the centre of the cam. From a, as

centre, with a b, a c, describe the circles through b and r. Divide the circle a c

into any number of equal parts, as 16, 1,2, 3, &c, and draw as many radial lines

from a; divide the distance c b into half as many, or 8 ; and from a, as centre,

describe circles passing through these 8 points in b c. These circles will intersect

the radial lines drawn from a ; if then a curve be drawn by hand through the points

of intersection, it will form the outline of a cam, which by its revolution will

enable the point b to rise to c during a half revolution of the shaft, while it will

allow it to fall from c to b during the other half revolution—the motion being

uniform both in the rise and the fall of the rod d c. In

practice a roller is fixed at the end of the rod, the centre

of which is the point b. Let b d be the radius of the

roller or friction-wheel ; at the various points of inter-

section, describe circles corresponding to b </, and through

the points, as efg h t, draw a curve ; this will fonn the
-'jagJgju'ffi^J

' true outline of the cam, in contact with winch the roller

flT I W b d revolves.

413. The plan most usually adopted by which machin-
«"»«Sfe»J«w£»W ery is disengaged and engaged, or put "out of" or tk

in

gear," as it is technically termed, is the ufast-and-loo$e

pulleys" illustrated in fig. 18.5, where a a is the shaft, e the

journal, c c a pulley revolving loosely on the shaft, d d a similar pulley keyed
on the shaft by the key b. While the driving-belt is kept running on the

pulley c c, no motion is imparted to the shaft, as the pulley revolves loosely

r»»T-»nr. icon* ret i wt 10IT
1 DMM roiui roor
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an it ; but on being shifted from the loose pulley c c to the fast one d d, motion

is imparted to the shaft a a. As the belt is gradually passed from cctorf <7,

or the contrary, the shaft is set in motion or at rest gradually, and comparatively

little shock is experienced.

414. Another method of engaging and disengaging machinery is by the

sliding - clutch, fig. 186, where »

a a are the two shafts, b b the

journals, each provided with

"clutches" or "glands"c</, hav-

ing corresponding projections

and indentations which inter-

lock with each other; so that if c is at rest and d in motion, and d is

gradually brought in contact with c, motion is communicated to r. The
clutch d is not fixed on the shaft, but has a lateral movement along two
ribs c e, which pass into corresponding slots made in the eye of the clutch d.

These ribs or feathers serve at the same time to carry round the clutch with

the revolution of the shaft. In fig. 187 we give an elevation and sectiou

of another form of sliding -clutch. The same letters refer to both views,

Flg.187.

r «-» rv « Ft* ins.

umno ci.-non rt.tt *ni»«oino anh i !«•»«., i.uin j shafts—
b. a: ». J IMCB TO THE FOOT.

V -

CLCTCB TOR ISOiDilca ASD DIB* SOA shafts
SCAU 1 IKcM ICIUI rov;.

clcicu OR oi aki> FOR KXOAOIKO avii NnHUOlM shafts
" AIL. 2 IJWB TO IDS FOOT.

of which the upper is the elevation and the lower the section, c b the two
shafts,// the fixed clutch keyed on by the key e. g g h the sliding clutch, d d
the ribs or feathers. In fig. 188 another form of sliding-cluteh is shown, where
a is the journal of a shaft in which the wheel d d is keyed : curved projec-

tions, as /, are cast to the wheel, which take into correspondingly curved
recesses c made in the clutch c,

r| t m
"

.

which slides on the rib or feather g
on the other shaft 6.

415. The rate at which wheels

—

such as those of hoisting-cranes—
revolve, is regulated by moans of a
friction-brake. Let a a, fig. 189, be
a pulley, with the driving-belt or

chain i i passing round it ; let b b be
the friction-pulley fixed on the same
shaft as carries a. Part of the peri-

phery of the ptdley b b is embraced
by a series of wood - blocks d d,

carried by the iron strap c c, jointed at one end to the stud and at the other to

the lever /of the belt-crank hf, the centre of wluch is on the pedestal g. By

rr.ici irtt bka*?—si'ai it. J isiu to :ur
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pulling down the end of A, the blocks of wood are tightened up against the

periphery of the pulley b b, the friction created moderating its velocity. In

fig. 190 wo give a simpler form : a is the pulley, with a block of wood b in

contact with its periphery ; this is attached to a lever c d, jointed at c
;
by

pressing on the end d of the lever the block b is brought into contact with the

periphery of the pulley a.

Fig. 19a Fig. 101.

J
INCH IO IUI FOOT. t mH iiirriN-j m tri*'»-ci -:n;i

men :o rai roor.

Fig. 192.

416. In tho fast-and-loose pulley described in par. 41 3, the belt is usually shifted

from one pulley to the other by hand. In putting the sliding-clutch, as illus-

trated in figs. 186, 187, *nd 188, into and out of gear, a lever is used, as illus-

trated in fig. 191, where a represents the section of the journal of the clutch, as

h in fig. 187 : this is embraced by the forked extremity b

of tho lever d, which vibrates on the pin c fixed to part

of the machine
;
by moving the extremity of the lever d

from right to left, the sliding-clutch is moved into or out

of contact with the fixed clutch. In fig. 192 a plan of

the clutch-lever is shown ; a the journal of the clutch,

b the end of lever, c the pin on which it vibrates, e e pins

which retain the lever in any position desired, cither

keeping the clutches in contact or separate. When the

lever is between these two pins e c, the clutches are

out of gear.

417. We shall now illustrate a few of the methods

employed to fit together the essential parts of machines.

Two pieces of iron, as a a, b b, fig. 198, or of wood, are

united together by means of bolts and nuts ; c is the

bolt, d the "head" of the bolt, e the nut.

418. Nuts aro usually made square and hexagonal.

Tho hexagonal nut is illustrated in fig. 194, where a is the plan, g and d edge

viows in different positions.

o •

pi.»m or i-BV«n POM snirriNO

•L.IU1WO . i utcu—•calm.
I neon io tub roor.

Fig. 104. Fig 1»5.

J
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luilll loot pnprnnTin«s« or BO! :« »wt»

mo i»—M*tl, rw 1»

419. In fig. 195 we give an illustration showing the proportions observed be-

tween the different parts of hexagonal nuts and bolts. Where the diameter of bolt d

Digitized by Google



BOLTS AND RIVETS. 105
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is £ an inch, thickness of head b c =^ thickness of the " nut"/m = TV, breadth

of nut over the sides, as h i, 1 inch, and breadth over angles, as A it, 1£ inch.

Diameter f inch, b f,/m = j, A i= 1$, A Jfc = l£ inch.

1 „ bc= f,/m=lj, hi=llhk = 2 „

l| „ 6c = li,/m = lU, Ai = 2i,Ai= 2l „
2 „ 6c=l|,/ra = 2i, hi~Slhh = 3± „

For other and intermediate sizes, see p. 208 of Wealo's Engineer's Pocket-

Book for 1855-6.

420. Plates of wrought-iron are frequently connected together by means of

rivets. Fig. 196 illustrates the usual method
of making the joints. Where a a b b are the

two plates to be joined, holes at certain dis-

tances are bored or punched through both the
,

plates, and countersunk, as at c, by enlarging

the hole for some distance in the thickness of >*

the plate, or the ends of the holes may be left

plain. The rivets formed with a head e at one

end are inserted red hot in the holes, and the

upper end d hammered, as at/, a resistance being made at the part g while the

head/ is being hammered. The two plates are thus closely bound together.

421. Mr Fairbairn, to whom the engineering world is so much indebted for

valuable investigations, has also thoroughly examined this department of

mechanical construction. The experiments instituted had special referenco to

two forms of riveting, one in which a single row of two rivets was placed across

the plate thus ° °, this being termed the M single-riveted joint," the other form

having three rivets placed thus
o
°
c , this being termed the "double- riveted joint."

The result of the experiments proved that the loss of strength by the use of the

single-riveted joint, " including loss caused by the rivet-holes, is not less, under
ordinary circumstances, than 40 per cent. During the whole of the experiments

on single-riveted joints, it was observed that the ends of the plates under
strain curled upwards on each side, and produced a diagoual strain upon the

joint. . . . This position gave an oblique direction to the forces, and caused

the plate to break in some degree transversely through the rivet-holes. In

order to obviate this defect, and prevent as much as possible a transverse strain

npon the plates through the points in contact, the lap was increased, and a

third rivet introduced to keep down the ends of the plates." This is Bhown in

the form of double-riveted joints as al*>ve. This form of joint M gives a con-

siderable accession ofstrength, and exhibits several important facts in connection

with the construction of vessels exposed to severe pressure," and " the plates ap-

pear to retain their position under strain much better than single-riveted joints."

422. Taking the mean breaking-weights of "single" and "double" riveted

joints, and comparing them with the section of a " plate itself, the areas being

the same, we have for the tensile strength of the plates

—

Section of Iron

Solid plate, .

Double-riveted jointa,

do. do.

Ih.

.44 = 25,400

.44 = 25,707

.44 = 18,5*0

Assuming, therefore, the strength of the plates to be 1000, we have

—

For the strength of plates of equal sections,

For double-riveted joints,

For single do. da

1000
03.3

731
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We may safely assume these ratios as the comparative values of jointed plates

of equal sections, when acted upon by a force calculated to tear them asunder.

The correct value of the plates, computed from a sectional area taken through

the rivet-holes, will therefore be to their riveted joints as 100, 93, and 73, or, in

round numbers, as 10, 9, and 7. In addition to a loss of nearly one-tenth in

the double-riveted joints, and three-tenths in the single ones, it will be
observed that the strength of the plates is still further reduced by the quantity

of iron punched out for the rivets. For this loss of metal 30 per cent will

have to be deducted from the above ratios, thus giving the absolute strength of

the plates to that of the riveted joints as 100, 68, and 46. " In some cases,

where the rivets are wider apart, the loss sustained is, however, not so great

;

but in boilers and similar vessels, where the rivets require to be close to each

other, the edges of the plates are weakened to that extent. In this estimate

we must, however, take into consideration the circumstances under which the

results were obtained, as only two or three rivets come within the reach of

experiment ; and again, looking at the increase of strength which might be gained
by having a greater number of rivets in combination, and the adhesion of the

two surfaces in contact, which in the compressed rivets by machine is consider-

able, we may fairly assume the following relative strengths as the value of

plates with their riveted joints. Taking the strength of plate at 100, the

strength of the double-riveted joint would then bo 70, and the strength of the

single-riveted joint 56. These proportions may therefore in practice be safely

taken as nearly the standard value of joints such as are used in vessels where
they are required to be steam or water tight, and subjected to pressure varying
from 10 lb. to 100 lb. upon the square inch." We shall in a succeeding paragraph
give a table showing the strongest form and best proportions of rivets for

joints, deduced from Mr Fairbairn's valuable experiments.

423. Where flush joints or even surfaces are required in riveting, the holes

are "countersunk," as it is termed, the ends of the rivets being hammered into

the cavities, giving them a conical form. This will of nocessity lessen the

strength of the riveted joints. " It is, however, satisfactory to know that

countersinking the heads of the rivets does not seriously injure the joint in its

powers of resistance to a direct tensile force ; but the rivets are liable to start

when exposed to collisions or a strong impinging force, such as the sides of
ships are frequently doomed to encounter."

424. Driving-belts may be joined together by leathern thongs, as shown at <?,

Fig.iw. fig. 197. Abetter
method is to rivet

the two, a a, b b
y

together by small

I
o a

a rf

J

a
l ©

(
(°)

c
\ copper rivets, as

D ( ) b ( e e, tin washers
d / /

b
I
being used, as at

(o)
e

/ cccc.

425. Wheels,
pulleys, &c. are

keyed on to the shafts, as represented in fig. 170, in which the "key-seat" is
cut in the eye of the wheel, and the periphery of the shaft is slightly flattened
at the place where the key is driven up. To the piston-rod a a, fig. 198, the
cross-head b is secured by a key or wedge driven through the box b and piston-
rod. The brasses of the connecting-rod embrace the parts cc, dd; the piston-
rod passes through the hole e. The lower figure d d is a plan of tho upper c c.
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426. For small wheels as a, fig. 199, a pinching-screw as d may be used to

connect them to the shaft b b. The screw passes through the boss c, and
tightens on the shaft b b.

ri«. i» Fig. soot

Fig. 19SL

d

E •3

IT
riXtVO OF FniJ.*T» Jcc

1 JKCU 10 THB FOOT. U»u

—

»cau. lj menu to tu« rcot

427. This method is also illustrated in fig. 200, where part of a handle c is

fixed to the upper termination t of the shaft a, a, which it is employed to turn.
The screw d passes through the boss// The two are further secured together
by bolt and nut, as at b b.

428. When a bolt is used for a movable joint, as at c, fig. 204, it is made as
in fig. 201 ; a slot is made at b, through which the key c is driven ; d is an edge

1

1
c

c )

'

«

a

Fig. 203.

n
D

«

D

aiSH AMI) ccrHR, OR «»T
JUKCTTOM OF HOBO 0

» »i r. 1} iNcuxa 10 mi root.

view of the key ; the bolt a is previously passed through the eyes of the rods

to be jointed ; e is a side and/ an edge view of a " split key."

429. In fig. 202 we give what are termed gibs and cottars, or keys. The
parts a b are forced asunder or tightened up against Fig. sol

the parts upon which they rest or butt, by driving

up the key or cottar d between the gibs c c.

430. In fig. 203 we illustrate a method sometimes

adopted of effecting a junction between one rod a b

and another c d. The end of c d is hollow, to

admit the extremity b of b a. Slots are cut in both

sides of c d at e, exactly opposite each other ; a cor-

responding key-slot is c\it in a b at b. When the

end of a b is inserted in c rf, a key g is driven

through the three holes : / is an end view of the

key g. The end of a lever is sometimes jointed, as

in fig. 204, a being the edge view, b the front. The
bolt, as a b, fig. 201, passes through c.

431. In fig. 205 we illustrate a method of attaching the movable handle

) \

JP1K»E> IND OF tKV**—
k\.u, !l mem* :u tei foot
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Fig. 305. ri*.aoa.

1

TlXINa OT WrvoP OASlll-K TO IRON
BCAijr I inch io iui MOI

Fig. 207.

which terminates the lever c, fig. 200, for ttuniing the shaft a, a. The part e «,

fig. 205, is usually made
a of wood, in the central

^*Jl aperture of which c c, the

stud / revolves loosely,

wliich is screwed to the

end of the lever a a by
the nut ft. The illustra-

tion to the right of the

cut is in section. In
fig. 206 we give another

method of forming a
handle. Let a be the

shaft, to turn as the shaft

of a churn, &c. ; ft c the

handle secured to the end
of the shaft a by a nut d\ the end a is reduced so as to form a shoulder which
passes through the eye e of the handle, as shown at section e. The loose part

f is secured to g by the nut h, while g is secured

to the lower termination of the handle c by the
nut i.

432. A lever ft, ft, fig. 207, as the stud of a
" throttle-valve " of a steam-engine, &c., may
be worked by the handle a riveted to the

shoulder c, made in the end of the shaft ft, by a
rivet passing through a hole made in the eye of

the handle a, as shown at e e, which is a section of

the eye of /. The handle g is secured to a by
bolt and nut ; the lower part is formed as at A, which gives a shoulder and part

to form the bolt as shown. The above may be used to turn a screwed lever,

as g, fig. 166. Where the lever-wheel is used, as at e, fig.

165, the parts are connected as in fig. 208 ; c the shaft

corresponding to a, fig. 165, a a the wheel, keyed or riv-

eted on as at e; the handle ft is riveted on to an eye </,

shown in the plan of wheel.

433. Before giving the "rules" to calculate the dimen-
sions of the various parts of mechanism we have attempted

to describe, wo shall here give a few remarks on the

subject of fly-wheels— a matter of some importance in

the construction of many machines of the farm, as chaff-

cutters, pointing out where these auxiliaries to machinery

may with propriety be applied, and where they ought not.

434. In the first place, it may be asserted that in no case

can a fly-wheel act as a generator of power ; and under a
false impression of this supposed function of fly-wheels,

numerous instances occur of their misapplication, or at least

a misconception of their effects
;
and, secondly, the only

available function of fly-wheels is their capability of acting as reservoirs of that

power or force that is communicated to them while in motion. Thus a compara-

tively small force applied to a heavy fly-wheel for a few seconds, will, on the prin-

ciple of its absorbing and partially retaining that i>ower and force, accumulate a
momentum that may, through the agency of mechanical means, be discharged on

nxiKO or inov handlm on U*BM to

—IC1U, 1 INCH TO IUI

rig. a*.

ruiMo or ntkb on n»ir-
mil TO TtOtl»—«IAL«.

J inch io tub roor.
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a particular point, and produce an instantaneous effect that the first mover never

could accomplish without such means. This is finely exemplified in the machine

for punching and cutting thick iron plates and bars ; and the principle applies in

all cases where fly-wheels can be employed with advantage. The principle of

action is this : Fly-wheels may be employed with advantage in every case

where the intensity of either the power or the resistance is variable ; and where

both are variable, it becomes still more necessary. On the other hand, where

both the power and the resistance are uniform, a fly-wheel may be held as an

encumbrance, and can only act as a load upon the first mover. In the steam-

engine, for example, of any form in which a crank is UBed to communicate

motion to machinery, the fly-wheel is indispensably necessary ; and such is the

requisite governing power of a fly-wheel to keep up steady motion, that its

momentum is sufficient to compensate for considerable variation in the resistance

of the machine or machinery upon wliich it operates. With water-wheels, how-

ever, the power is perfectly uniform, and if the resistance is also uniform, as in

grist-mills and even thrashing-mills, fly-wheels will be worse than useless ; but

where the resistance is intermitting, such as rolling and tilt mills, and punching

machines, a heavy fly-wheel becomes necessary, in which the power of the first

mover can be accumulated for a short period, and wluch will be expended during

the succeeding short period that the drivon machine is in action. In every case

where manual power is applied, fly-wheels are useful if not essential. This

arises from the power itself being variable ; for the power of a man working a

winch varies according to the different positions which the winch occupies in

the course of its revolution, and has been ascertained to range in the proportion

of 30 lb. and 60 lb. The rationale of this is, that when he is in a position that

restricts his exertion to 30 lb., he might not be able to overcome the resistance

unless at a very slow rate ; but in the position where he can exert a force of

60 lb., he can do more than overcome the resistance. And here it is that the

fly-wheel comes to his aid ; for suppose the resistance requires an actual force

of 45 lb., while he is putting forth 60 lb., there is a surplus of 15 lb. The
ever-ready fly-wheel, whoso velocity, from its inertia, he is not able greatly to

increase, takes up, with a small increase of velocity, this surplus force exerted

by the hand ; and this is stored up in the mass of the wheel, to be delivered

out again at the next weak point in the revolution of the winch. Hence a

nearly equable force is produced to act upon the macliino to which the power

of the man is directed. If this power is directed upon an intermitting machine,

such as a straw-cutter, the demands upon the fly-wheel are very much in-

creased ; but as the point of the machine to which the power is applied moves

at a much slower velocity than the centre of gyration in the fly-wheel, and as the

intermissions of the resistance are not likely to coincide exactly with the incre-

ments or decrements of the power, thero will be a mutual compensation going

on amongst the forces to bring out a uniform result. There is a possibility

that a coincidence of the above circumstances may occur
;
hence, it is some-

times of consequence to observe the placing of the winch bo as to counteract

any defect of compensation.

435. The power of horses to impel machinery being of nearly uniform inten-

sity, requires no regulator in itself ; but it comes under the general law, if the

resistance is intermitting. Thus, in the thrashing-machine, which is slightly

variable in resistance, it would, if worked with horse-power, be considerably im-

proved by the addition of a well-proportioned fly-wheel. In various other

machines worked with horse-power, where the resistance is frequently inter-

mitting, such as blowing bellows, pumping, and the like, a fly-wheel is indis-
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pensable ; while in a malt or other mill, whose resistance is uniform, the fly-

wheel would be an encumbrance. Steam-power applied to a thrashmg-machine

requires, as already observed, no additional fly-wheel, but that the steam-engine

for such purpose should be above the standard allowed for ordinary purposes.

436. The general theory of the application of fly-wheels may be repeated in

a few words. They are usefully employed in all cases of intermitting resistance

and of variable force, whether in the first mover or in the resistance. Where
the motion is uniform and not intermitting, the first mover being also uniform,

the fly-wheel is in almost every case unnecessary, and frequently an obstruction.

437. The strains to which lying-shafts are subjected, are, first,
44

lateral," their

weight and that of the wheels, &c. which they support, tending to break or

to deflect them
;
second, 44 torsion," or twisting—the strain causing this arising

from the resistance of the work to be performed. A shaft is exposed to rupture

by torsion, when the force at one end is greater than at the other, or when the

forces at the end act in opposite directions.

438. The lateral strain, and tendency to rupture by torsion of all shafts,

should be estimated ; and where one exceeds the other, the greatest strain

Bhould be calculated for. The following rules are extracted from Mr Cresy's

work, Cyclopaedia of Civil Engineering, Longman and Co. :
44 For the lateral

stress in cast-iron shafts, the weight w in pounds, acting in the length I in

feet, the formula is,

500
= diameter.

For malleable iron the result must be multiplied by 0.935 ; for oak, 1.83 ; for fir,

1.72 ; and for shafts to resist torsion, we have in horse-power A, that the shafts

will drive, making turns n per minute,

^240xA ^= diameter for cast- iron.

For malleable iron the result must be multiplied by 0.963 ; for oak, by 2.238;

and for fir, 2.06 : these are for shafts of first movers ; for second movers, mul-

tiply the result by 0.8 ; and for tliird, by 0.793."

439. Hollow shafts of cast-iron are loss liable to rupture by torsion than solid;

a good proportion for the thickness of the metal is two-tenths of the entire

diameter. The following table, showing the diameter of hollow cast-iron shafts

to resist 44
lateral " strain, is compiled from one given by Mr Cresy in the work

above referred to. The letters E. D. denote exterior diameter in inches,

I. D. interior diameter; S=4 S=6, &c, denote the stress or strain to be 4 or 6

times, &c. the weight of the shaft.

Length. b. n. I. D. E. D. I. D. E. D. I. D. R. D. I. D.

4 1.5 0.9 1.9 1.1 2.2 1.3 2.4 1.4

6 2.8 1.6 3.5 2.1 4.0 2.4 4.5 2.7

8 4.3 2.5 5.3 3.1 6.1 3.6 6.9 4.1

10 6.0 3.6 7.4 4.4 8.5 5.0 9.5 6.7

12 7.9 4.7 9.8 5.8 11.2 6.7 12.6 7.5
,

S=4 S=6 S=8 S=10

44 When the diameter of a shaft is found for cast-iron, by multiplying this

diameter by .935 the product will give a diameter for a shaft of equal stiffness,

Digitized by Google



RULES FOR PROPORTIONING THE DIAMETERS OF W:OMIS. Ill

made of wrought-iron ; and a shaft of fir should be 1.716 times the diameter of

a cast-iron one, and of oak 1.83 times, in order to be of equal stiffness."

Dbmeter of
Shafts In

inches.

Revolutions of Si ATT* FKK MtXUTI.

30 Hone Power. 40 Horn Power.

2
3
4

5

6

0.33

0.13

2.66

5.2

0.0

0.66

2.25

5.33

10.4

18.00

0.99

3.37

7.99

15.6

27.0

1.38

4.5

10.36

20.8

36.0

440. The preceding table is also compiled from Mr Cresy's work ; it shows

the diameter of cast-iron shafts to resist torsion. " When the cylindrical shafts

are hollow, the diameter must be multiplied by 1.05 ; and when the shafts are

laid horizontally, something should be added to what is given in the fore-

going tables, as they are calculated for vertical shafts. When the shaft is

of wrought-iron, multiply the diameter found by 0.963 ; if of oak, by 2.238

;

when of fir, by 2.06." The reader will find complete tables of the dimensions

of cast-iron and wrought-iron shafts in Adcock's Engineer's Pocket-Bookfor 1857.

441. The journals of shafts should be at the least equal in length to the

diameter, if the load is heavy ; one and a half to two times may bo the propor-

tion used. A journal twice as long as the diameter will be easily lubricated.

442. The following rules will be useful to proportion the diameters of wheels

and pulleys, so that they will work satisfactorily. First, as to pulleys : Suppose

we have two pulleys to mn at so many revolutions eacli, let n represent

the number of revolutions of one of the pulleys ; let the diameter of one of them
be known, and let this be represented by d ; to find the diameter of the other,

the' velocity of which is given, and which will be represented by o, then

n x d
o

Example : Let a pulley 24 inches in diameter have a velocity of 80 revolutions

per minute—to find the diameter of another pulley, the velocity of which is

50—then
24x80 « - , .——— = 38.4 inches in diameter.

443. As before stated, in par. 398, in designing toothed wheels, the diameters

of the pitch-circles must be proportional to the number of teeth in the wheels.

To proportion these, the following data must be known : 1. The radii of the

pitch-circles of the two wheels, and the number of the teeth of one of them ; 2.

The number of the teeth in each of the wheels, and the radius of one of them

;

3. The distance between the centres of the two wheels, and the number of teeth

of both of them. The following formulte are given for these three cases :

—

444. Case 1 : Let I be the radius of the large wheel, * that of the small

one, and n the number of teeth of the large wheel ; then

n x a

IT - number of teeth in the small wheel.
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Case 2 : Let / represent the number of teeth in the largest wheel, * in that

of the Bmaller one, and r the radius of a larger wheel ; then

$ x r
= radius of the pitch-circle of the smaller wheel.

Case 3 : Let d be the distance between the centres of the two wheels, I the

number of teeth of the larger wheel, * the number of teeth of the smaller

one; then

This, being subtracted from the distance between the centres, will obviously

give the radius of the other or smaller wheel.

Case 4 : To these cases may be added another—namely, where the distance

between the two wheels is known, and the number of revolutions of

each. Thus : Let d represent the distance between the wheels, I the

number of revolutions of the fastest-going wheel, * that of the slowest—then

The radius of the smallest being found by subtracting the radius of the largest

from the distance between the centres of the wheels.

445. For the following table of the proportions of the parts of toothed wheels

we are indebted to Templeton'e Workshop Companion

:

—
Length of tbe teeth, . . . a {of the pitch.

Thickness b | of tbe pitch.

Breadth of face, . . » 2J times the pitch.

Edge of the ritn, )

Projecting rib inside the rim, > . = each } of the pitch.

Thickness of flat arms,
J

Breadth of arms at rim, . — 2 teeth and \ pitch,

increasing in breadth towards the centre of the wheel in tbe

proportion of 4 an inch for every foot in length.

Thickness of the ribs or feathers in the arms, «s J of the pitch.

Thickness of metal around the eye or centre, — J of the pitch.

446. For tables of the dimensions of the teeth of wheels to transmit certain

power, &c, the reader is referred to Weale's Engineer's Pocket-Bookfor 1855-

1856. The following notes on this important subject by Mr Buchanan will be

useful :
" Multiply \ of the square of the pitch in inches by the breadth of the

teeth in inches—the product is the horse-power that the teeth will transmit

when the pitch-line passes through 4 feet per second. In quick speeds or

fractional pitches it may be more convenient to take the following rule: Multiply

the square root of the pitch in inches by the breadth of the teeth in inches—the

product is the horse-power at 10 feet per second. A general rule to ascertain

the length of the teeth is, to take J of the pitch for the distance from the root

to the pitch-line, and ^ of the pitch for the distance from the pitch-line to the

top. When wheels drive pinions, let no pinion have less than 8 teeth, rather

10 or 12 if convenient : when pinions drive wheels, let no pinion have less than

6 teeth, rather 8 or 9. The numbor of teeth in a wheel should be prime to the

number of teeth in its pinion. To increase or diminish velocity in a given

proportion, and with the least quantity of wheel-work : let the number of teeth

s + l

= radius of pitch-circle of the largest wheel

dxl
= radius of large wheel.

l + s
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on each pinion be to the number of teeth on its wheel as 1 : 3.59. Even to save

space and expense, never let the ratio exceed 1 : 6." *

447. In designing and arranging mechanism, it is sometimes necessary to

know, first, the velocity of tho circumference of a wheel, pulley, or fly-wheel,

when the number of its revolutions per minute are known
;

or, second, the num-
ber of revolutions it makes per minute when the velocity of its circumference

is known. For these two cases the following rules may be useful

:

Case 1 : Let d be the diameter of the wheel, and n the number of revolu-

tions it makes per minute : then multiply the diameter by 3.1416,

which gives tho circumference c of the wheel
;
multiply the circumference

by the number of revolutions, and the product will be the space passed

through per minute by any point in the circumference, which, divided

by 60, will give the velocity of the circumference in feet per second.

Case 2 : Let v be the velocity of the wheel in feet per second, and c the

circumference of the wheel: then multiply the velocity by the circum-

ference ; the product obtained is then to be multiplied by 60, which

gives the number of revolutions per minute.

448. The circumferential velocity of the rim of a fly-wheel, or any point near

its centre, as the pitch-line of a toothed wheel, may be ascertained by mark-
ing any point on the rim of the wheel, and observing how frequently this

point passes any fixed point during any number of seconds ; then multiply the

number of revolutions recorded by the circumference of the wheel or rim, and
divide by the number of seconds of observation—the quotient will be the circum-

ferential velocity.

449. The determination of the weight of a fly-wheel for any given purpose,

is a problem not very definite in its results; but approximations to it have
been made by men of eminence. Amongst these, we find Tredgold stating a
rule for the fly-wheels of steam-engines,\ which, for practical purposes, is con-

venient, and comes near to the general practice, though this is to be taken with

considerable latitude, seeing that the practice of engineers differs considerably

on this point; and the rule, though it applies to heavy fly-wheels with tolerable

exactness, does not agree with practice in the case of fly-wheels for the hand,

and other small machines. But the following approximation will be a tolerable

guide in practice for the weight of small fly-wheels.

450. Taking the average force that a man will exert in turning a winch of 12

inches radius at 23 lb., when he turns it 45 times per minute, the rule will be

—

Rule.—Multiply 20 times the force in pounds exerted on the winch by its ra-

dius in feet, and divide this product by the cube of tho radius ofthe fly-wheel

in feet, multiplied into the number of the revolutions per minute ; the result

will be the area of a section of the rim of the fly-wheel in square inches.

Example.—The force applied to tho winch being 23 lb., its radius 1 foot, and
tho revolutions per minute 45, required the section of the rim of a fly-wheel

whose radius is 1^ foot, or 3 feet diameter.

20 x 23 x 1 460 _ . , , , . e ., .

= - = 3 inches, the area of section of the nm.
1.5»x45 151.8

451. Though this formula will serve for small fly-wheels, whose velocities

range from 40 to 80 revolutions per minute, it becomes necessary, in order to

make it agree with practice, to change the constant multiplier. Thus, for velo-

cities ranging from 80 to 150, the number 10 will be substituted for 20 ; and

• Buchanan On Milltcork and Machinery, p. 116.

t Tredgold On the Steam-Engine, p. 266.

II
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from 150 to 300, the number 5. In this last case the fly-wheel cannot exceed

2 feet diameter, and in the former it is restricted to 3 feet.

452. The following table is given by Mr Fairbairn " for proportioning the

distances and strength of rivets in joints requiring to be steam or water tight:

—

Thlckneasof
Plate, in

indie*.

Diameter of
Rivet* in

inches.

.88
)

•50 f „
.63

.75)

.81

.94 } 1.5

1.18)

Length of

Rivets from
the head in

inche*.

Dintance of
Rivet* from
centre to

centre in

inches.

Quantity of
Lap In tingle

joint* in

indie*.

1

Quantity of Lnp in

Inches.

.19-

A

:

-25 A
.31 A
.38 A
.50 A

:
-63 \'i

•75 4J

.88

1.13

1.38

l.<53 4.5

2 25,
2.75

3.25
j

1.25 ) p
1.50 f

6

1.63 ) .

1.75 \

5

2.00
)

2.50
f
4

3.00
)

. .

1.25)
1.50 V 6

1.88)
2.00 5.5

2.25)
2.75 [ 4.5

3.25)

For the double-

riveted joint

add two-thirda

of the depth of

the ningle lap.

453. 44 The figures 2, 1.5, 4.5, 6, 5, 4, 6, 5.5, 4.5, in the preceding table, are

multipliers for the diameter, length, and distance of rivets ; also for the quantity

of lap allowed for the single and double joints. These multipliers may be con-

sidered as proportionals of the thicknesses of the plates to the diameter, length,

and distance of rivets. For example, suppose we take | plates, and required

the proportionate parts of the strongest form of joints, it will be

—

.375 x 2 = .750, diameter of rivet, J of ao inch.

.375 x 4£ ^ 1.687, length of rivet, 1$ inches.

.375 x 5 = 1.875, distance between rivets,
1
J inches.

.375 x 5h ~ 2.062, quantity of lap, 2 inches.

.375 x 5£= 2.062 + $ = 3.437, quantity of lap for double joint, 3$ inches.

.75, 1.68, 1.87, 2.06, and 3.43, are, therefore, the proportionate quantities

necessary to form the strongest steam or water tight joint on plates f of an
inch thick." *

DIVISION FOURTH.—FRICTION AND FORCE.

454. Sf.ction First— Friction.— In commencing to move one body upon
another, however well polished the surfaces may appear to be, we find that a
certain amount of force is required to change the condition of the body from
a state of rest to that of motion, and that a certain further force is requisite

to continue or keep up the motions so commenced. The resistance thus ob-

served, one body moved over the surface of another under pressure, is called
44

friction
;

" that resistance which is required to overcome the state of rest,

and convert it into motion, being known as the 44 friction of quiescence ; " that
which is required to keep up the motion being termed the 44

friction of motion."
455. Tn view of the importance of a right knowledge of the laws which regulate

the effects of friction, various scientific men have from time to time instituted

elaborate experiments, from which might be deduced practical rules of value to

the mechanic. Among the authorities best known in this department of science
we may name Coulomb, Rennie, and Morin. The experiments of the latter,

which were carried out at the expense of the French Government, are the most
complete of any yet instituted; and the results, which may be received with

• 1'feful Information far Engineers, p. 281.
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great confidence, have afforded deductions winch are now accepted as correct by
nearly all practical men.
456. The experiments of M. Morin showed the friction of two surfaces, winch

have been for a considerable time in contact, to be different in amount and
nature from the friction of surfaces in continuous motion ; the friction of qui-

escence being subject to variation and uncertainty not observable in the friction

of motion. " This variation," remarks Professor Moseley (Mechanical Princi-

ples of Architecture and Engineering, p. 146), does not appear to depend upon
the extent of the surfaces of contact, in which case it might be referred to

adhesion," for with different pressures, the ratio of the friction to the pressure

—or the co-efficient of friction, as it is called—varied greatly, although the

surfaces of contact were the same. (Thus, in the case of oak upon oak, with

parallel fibres, the co-efficient of the friction of quiescence varied under
different pressures upon the same surface from .55 to .76.) " The uncertainty

which would have been introduced into every question of construction by this

consideration, is removed by a second very important fact developed in the

course of the same experiments. It is this, that by the slightest jar or

shock of two bodies in contact, their friction is made to pass from that state

which accompanies quiescence to that which accompanies motion ; and as every

machine or structure, of whatever kind, may be considered to be subject to

such shocks, or imperceptible motions of its surfaces of contact, it is evident

that the state of friction to be made the basis on which all questions of statics

are to be determined, should be that which accompanies motion." The laws of

friction, which wo shall shortly state, " have been shown by the experiments
of Morin to obtain, in respect to that friction which accompanies motion, a
precision and certainty never before assigned to them

;
they have given to all

our calculations in respect to the theory of machines (whose moving surfaces

have attained their proper bearings, and been worn to their natural polish),

a new and unlooked-for certainty, and may probably bo ranked amongst the

most accurate and valuable of the constants of practical science."

457. The following are the u laws" of friction, as stated by Professor Moseley

:

" (1.) That the friction of motion is subject to the same laws with the friction of

quiescence (about to be stated), but agrees with them more accurately ; that

under the same circumstances of pressure and contaot it is nevertheless different

in amount. (2.) That when no unguent is interposed, the friction of any two
surfaces (whether of quiescence or of motion) is directly proportional to the

force with which they are pressed perpendicularly together (up to a certain

Umjt of that pressure per square inch), so that for any two given surfaces of

contact there is a constant ratio of the friction to the perpendicular pressure of

the ono surface upon the other. Whilst this ratio is thus the same for the

same surfaces of contact, it is different for different surfaces of contact. The
particular value of it in respect to any two given surfaces of contact is called

the co-efficient of friction in respect to these surfaces. (3.) That when no un-

guent is interposed, the amount of the friction is in every case wholly inde-

pendent of the extent of the surfaces of contact, so that the force with which
two surfaces are pressed together being the same, and not exceeding a certain

limit (per square inch), their friction is the same, whatever may be the extent

of their surfaces of contact. (4.) That the friction of motion is wholly inde-

pendent of the velocity of motion. (This result, of so much importance in the

theory of machines, is fully established by the experiments of M. Morin.)

f5.) That where unguents are interposed, the co-efficient of friction depends
upon the nature of the unguent, and upon the greater or less abundance of the
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supply. In respect to the supply of the unguent, there are two extreme cases

—

that in which the surfaces of contact are but slightly rubbed with the unctuous

matter (as, for instance, with an oiled or greasy cloth), and that in which, by
reason of the abundant supply of tho unguent, its viscous consistency, and the

extent of the surfaces in contact in relation to the insistent pressure, a continu-

ous stream of unguent remains continually interposed between the moving sur-

faces, and the friction is thereby diminished, as far as it is capable of being
diminished, by the interposition of the particular unguents used. In this state

tho amount of friction is found (as might be expected) to be dependent rather

upon the nature of the unguent than upon that of the surfaces of contact.

Accordingly, M. Morin, from the comparison of a great number of results, has
arrived at the following remarkable conclusion, easily fixing itself in the memory,
and of great practical value : ' That with unguents, hog's lard and olive oil, inter-

posed in a continuous stratum between them, surfaces of wood on metal, wood on

wood, metal on wood, and metal on metal (when in motion), have all of them very

nearly the same co-efficient offriction, the value of that co-efficient being in all cases

included between .07 and .08. For Oie unguent tallow, the co-efficient is the same
for the other unguents in every case, except in that of metals upon metals. This

unguent appears, from the experiments of Morin, to be less suited to metallic sub-

stances than the others, and gives, for the mean value of its co-efficient under the

same circumstances, .10.' " *

458. The following is a table of the co-efficients of friction for various sur-

faces used in machine construction. In these experiments the surfaces, after

having been smeared with an unguent, were wiped so that no interposing layer

of the unguent prevented their intimate contact.

Friction of Friction or
Scit paces or Contact. Motion

Oak upon oak, tbe fibres being parallel

)

0.108 0.390

Do., tbe fibres perpendicular,
Oak upon elm, tbe fibres parallel,

0.143 0.814

0.1 36
Elm upon onk, do. 0.119 0.420
Beech upon oak, do. 0.330
Elm upon elm, do.

"Wrought-iron upon elm, do.

0.140

0.138
Wrought-iron upon wrought-iron, do. 0.177
Cast-iron upon wrought-iron, . 0.143
Wrought-iron upon brass, 0.160
Brass upon wrought-iron, 0.166
Cast-iron upon oak,

Cast-iron upon elm, the uugueut being \
tallow, )

0.1 07 0.100

0.125

Do. do., hog's lard and ( 0.137
black lead, . j

Elm upon cast-iron, fibres parallel, . 0.135 0.098
Cast-iron upon cast-iron, 0.144

Do. upon brass, .... 0.132
Brass upon cast-iron, 0.107
Brass upon brass, .... 0.134 0164
Copper upon oak, ....
Yellow copper upon cast-iron,

Loather (ox-hide) well tanned upon cast-
">

iron wetted, .
j"

0.100

0.115

0.220 02G7

Do. do. upon brass wetted, 0.244

• Mechanical Principles of Architecture and Engineering, p. 142.
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459. M. Morin was the first to observe the distinction between the friction of

surfaces between which no unguent was interposed, those which are merely

unctuous, and those between which a uniform stratum of the unguent is inter-

posed- The differences between liis experiments and those of M. Coulomb are

considered to have arisen from those of the latter not having been carried out

with sufficient care. Thus, the slight unctuosity arising from the greaBy hand
of a workman passed over the surface, was found to cause a considerable dif-

ference in the co-efficient of friction. Thus, in the case of surfaces of oak rubbed

with dry soap, and thoroughly wiped, showing no traces of the unguent, the

friction was reduced to the extent of two-thirds, the co-efficient being reduced

from 0.478 to 0.164. Where surfaces were rubbed or moved in contact with-

out unguents, the effect was to wear down the surfaces, black particles con-

tinually arising, which had to be removed from time to time ; whereas by the

use of an unguent this wearing away ceased, and in place of new contacts of

surfaces being produced by the wearing away, the same surface remained,

the continued motion giving a higher polish.

460. The following is a table of the co-efficients of friction of plane surfaces

with unguents interposed. In these experiments " the extent of the surfaces

bore such a relation to the pressure as to cause them to be separated from

one another throughout by an interposed stratum of the unguent."

FrMtonof Friction of
tiule.*cenoe.

U nnuent

.

|

Oak upon oak fibres parallel, 0.164 0.440 Dry soap.

Tallow.Do. do. 0.075 0.160
Do. do. 0.067 Hog's lard.

Do. do. fibres perpend. 0.083 0.254 Tallow.

Do. do. 0.072 Hog's lard.

Do. do. 0.250 Water.
Oak upon elm, fibres parallel, 0.136 Dry Boap.

Do. do. do. . 0.073 0.178 Tallow.

Do. do. do. . 0.066 Hog's lard.

Tallow.Oak upon cast-iron do. . 0080
Do. wrought-iron, do. . 0.098 •

Beech upon oak, do. . 0.055 • • •

Elm upon oak, do. .

Do. do. do. .

0.137 0.411 Dry soap.

0.070 0.142 Tallow.

Do. do. da 0.060 Hogs lard.

Kim upon elm, do. . 0.139 0.217 Dry soap.

Do. cast-iron, do. . 0.066 Tallow.

Wrought-iron upon oak, do. . 0.256 0.64.9 Greased, and saturated with water.

Do. do. do. . 0.214 Dry soap.

Da do. do. . 0.085 0.108 Tallow.

Do. upon elm, do. . 0.078 Tallow.

Do. do. do. 0.076 Hog's lard.

Do. do. do. . 0.055 Olive oil.

Wrought-iron upon cast-iron, 1.103 Tallow.

; Da do. 0.076 Hog's lard.

!
Do. do. 0.066 0.100 Olivo oil.

Wrought-iron upon wrought-

)

iron,
)

0.082 Tallow.

Do. da 0.081 Hog's lard.

Do. do. 0.070 0.115 Olive oil.

Wrought-iron upon brass, 0.103 Tallow.

Da da 0.075 Hog's lard.

0.078 Olive oil.

[Table continued.
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Si-rkacks or Com tact.

Cast-iron upon oak,

Do. do.

Do. do.

Do. do.

Do. do.

Cast-iron upon olm, do.

Do. do.

Do. do.

Do. upou wrought-irou,

Ctust-irou upon cast-iron,

Do. do.

Do. do.

Do. do. . •

Do. do.

Do. do.

Cast-iron upou brass,

Do. do.

Do. do.

Copper upon oak fibres, parallel,

Yellow copper upon oast-iron,

Do. do. . .

Do. do.

Brass upon cast-iron,

Do. do.

Brass upon wrought-irou,

Do. do.

Do. do. . .

Do. upon brass.

Steel upon cast-iron,

Do. do.

Do. do.

Do. upon wrought-iron, .

Do. do.

Do. brass, .

Do. do.

Do. do.

Tanned ox-hide upon cast-iron,

Do. do.

Do. do.

Tanned ox-hide upon brass, .

Do. do.

Do. upon oak,

Hempen fibres not twisted

moving upon oak, the fibres

of the liemp being placed in

a direction perpendicular to r

tho direction of tho motion,
[

and those of the oak paral- I

lei to it, . . . .)

Tho same as ubovo, moving
upon cast-iron, .

Do. do.

0.33:

0.194

0.153

0.646

0.100

0.100

0.100

0.100

Friction of Friction of

Motion.

0.189

0.218

0.078

0.075

0.075

0.077

0.061

0.091

0.314

0.197

0.100

0.070

0.064

0.055

0.103

0.075

0.078

0.069

0.072
0.068

0.066

0.086

0.077

0.081

0.089

0.072

0.058

0.105

0.081

0.079

0.093

0.076

0.056

0.053

0.0G7

0.365

0.159

0.133

0.241

0.191

0.29

0.100

0.103

0.106

o.i on

0.122

0.79

0.8G9

Dry soap.

Greased, and saturated with water.

Tallow.

Hog's lard.

Olive oiL

Tallow.

Olive oil.

Hog's lard and plumbago.
Tallow.

Water.
Soap.

Tallow.

Hog's lard.

Olive oil.

Lard and plumbago.
Tallow.

Hog's lard.

Olive oil.

Tallow.

Tallow.

Hog's lard.

Olivo oil.

Tallow.

Olivo oil.

Tallow.

Lard and plumbago.
Olive oil.

Tallow.

Hog's lard.

Olive oil.

Tallow.
Hog's lard.

Tallow.

Olivo oil.

Lard and plumbago.
Greased, aud saturated with water.
Tallow.

Olive oil.

Tallow.

Olive oil.

Water.

Greased, and saturated with water.

Tallow.

Olive oil.

461. For the matter of the table on the following page, of the experiments of

M. Morin on the u
friction of gudgeons or axles in motion upon their bear-

ings," we are indebted to Professor Moseley's work, referred to in par. 455, p. 158.

462. With reference to these experiments of M. Morin, Professor Moseley
draws attention to the fact that they were made under insistent pressures, small

as compared with the extent of the surface pressed, the pressures varying only

from 14 lb. to 28 lb. per square inch. This must be borne in mind, as the
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experiments of Coulomb, and particularly the excellent experiments of Mr G.
Bennie, carried far beyond those limits of insistent pressure (Mr Rennie's

•SUU oftbo Surfaci*.

Cast-iron axles in cast-

iron

1

Cast iron axles in cast-

iron bearings.

!

fj
axles in lig- I

1

vitse bearings.

Wrought-iron axles in J
cast-iron bearings.

f I

Iron axles in brass bear-

i

Iron axles in lignum
j

vitas bearings.
)

Bra*« axlofl in brass

,

bearings.

Brass axles in cast-iron
.

bearings.

Lignum vita; axles ditto,
j

]

Lignum vita? axles in
j I

lignum vituj bearings.
J

|

Coated with oil of olives,

)

with hog's lard, tallow, >

and soft goui, . .
J

With the same and water,

Coated with asphaltum,
Greasy

Greasy and wetted. .

Coated with oil of olives, )

with hog's lard, tallow, >

and soft gom, .
)

Greasy,

Greasy and damped, .

Scarcely greasy,

Without unguent,
With oil or hog's lard,

Greasy with ditto,

Greasy, with a mixture of )

hog's lard and molyb- /

dteua, . . .

)

Coated with olive oil, tal- i

low, hog's lard, or soft -

gom, . . .
J

Coated with oil of olives,

hog's lard, or tallow,

Coated with hard gom,
Greasy and wetted,

Scarcely greasy,

Coated with oil or hog's

)

lard,
j

Greasy,

Coated with oil,

hog's lard,

Coated with oU or tallow,

Coated with hog's lard,

Greasy,

Coated with hog's lard,

Co-efficient of Friction when
Krea*« U relieved.

tlie I

Id the mu*l
way.

Oontlnuonsly.

0.0/ to 0.08 0.054

0.08 0.028
o nsj II 0 1 fiV.U 1 u
U. 1 *i »>

0.14

0.0/ to 0.08 0.054

v. 1 '1

0.16

0.19

0.18

0.10

0.14

0.07 to 0.08 0.054

0.07 to 0.08 0.054

o.oy

0.19

0.25

O.U

0.19

0.10

0.09

0.045 to 0.

0.12

0.15

0.07

experiments were carried, in some cases, to from 5 cwt. to 7 cwt. per square

inch), have fully shown the co-efficient of the friction of quiescence to in-

crease rapidly from some limit attained long before the surfaces abrade. In

respect to some surfaces—as, for instance, wrought-iron upon wrought-iron

—

the co-efficient nearly tripled itself as the pressure advanced to the limits of

463. In par. 464 we give a table by Mr Rennie, showing the co-efficients

of friction under different pressures. These have reference only to the friction

of quiescence ; but Professor Moseley is of opinion that 41
it seems probable that

the co-efficient of friction of motion remains constant under a wider range of

pressure than that of quiescence. It is, moreover, certain that the limits of

pressure, beyond which the surfaces of contact begin to destroy one another or

to abrade, are sooner reached when one of them is in motion upon the other
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than when they ore at rest : it is also certain that these limits are not independent

of the velocity of the moving surface."

464. The following is the table of Mr Rennio referred to in the preceding

paragraph :

—

Co-smClKKTS 1>r Frictio*.

Pressure per Square
Inch. "\V rfjiicli t I roilW rviti !" \\ r . \ n itiV* t'J I J^ J * t * I VII

8t«cl upon Hras* upon
uiwn

Wrought-Irou. Cast-iron.
Caat-ltva.

32.5 lb. .140 .174 .166 .157

1.66 cwt. .250 .275 .800 .225

2.00 „ .271 .292 .883 .219

233 w .285 .321 .340 .214

2.66 „
3.00 „

.297 .329 .344 .211

.312 .833 .347 .215

8.33 „ .350 .351 .3.
r
)l .206

.?.()(» .376 .353 .353 .205

4.00 „ .376 .365 .354 .208

4.33 „ .395 .366 .356 .221

4.66 „ .403 .366 .357 .223

5.00 „ .409 .367 .358 .233

5.83 ,, • • • .367 .359 .234

5 66 „ mm .367 .367 .235

6.00 „ • • • .376 .403 .233

6.33 „ • • • .434 • * • .234

6.66 „ .235

7.00 „ ... .232

7.33 „ • • • • • • .273

465. With respect to the different unguents, Mr Ronnie found, from a mean
of experiments with axles in motion and under different pressures, " that. with,

the unguent tallow, under a pressure of from 1 to 5 cwt., the friction did not

exceed ^th of the whole pressure ; when soft soap was applied, it became s^tli

;

and with the softer unguents applied, such as oil, hog's lard, &c, the ratio of

the friction to the pressure increased ; but with the harder unguents, as soft

soap, tallow, and anti-attrition composition, the friction considerably diminished."

466. The practical deductions from the investigation given in paragraph 463
may here be summed up: (1.) Friction is independent of the extent of surface

—that is, it does not increaso with the increase of rubbing surfaces. Small
bearings, or journals, or surfaces in rubbing contact, wear more rapidly than
when made large

;
hence, by increasing the surfaces, we increase their dura-

bility, but do not increase the power absorbed by friction. (2.) Friction is

independent of velocity, so far at least as regards the friction on a given extent

of surface : thus the friction of a shaft, during each revolution, is the same
when revolving twenty times as when revolving five times a minute. Friction,

however, is not independent of velocity when time is considered : thus, placing

the friction of each revolution of a Bhaft which revolves twenty times a minute

as 1, by increasing the revolution to sixty per minute the friction per minute is

trebled, and represented by 3. The friction of each revolution of a revolving

shaft has therefore a constant value, while the friction of any given time, as

an hour or minute, increases with the velocity
;
hence, a machine wears out the

quicker, the greater the velocity with which it is worked, although the friction

of any one revolution is not increased by the increase of revolutions. (3.) Fric-

tion increases in proportion to the pressure : thus, with double pressure there
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is double friction, with treble pressure treble friction, and so on. (4.) When
unguents are employed, the nature of those applied must be regulated by the

pressure, or the insistent weight ; the greater the pressure, the harder should

be the unguent (see par. 465). The office which lubricating agents have to

perform is to prevent the rubbing surfaces coming into contact. Their effi-

ciency is therefore proportional to their viscidity, although care should be taken

not to choose a lubricating agent the viscidity of which is greater than that

amount necessary to keep the surfaces out of contact : when the viscidity is

too great, an additional resistance may be created.

467. The following is a recipe for making Booth's Patent Railway Axle

Grease, from Weale's Engineer's Pocket-Book : " Water 1 gal., clean tallow 3 lb.,

palni-oil 6 lb., common soda ^ lb.; or, tallow 8 lb., palm-oil 10 lb." The
mixture to be heated to about 210° Fahr., and well stirred till it cools down.

Another recipe for axle-grease we borrow from Adcock's Engineer's Pocket-Book

for 1857 :
" In a small boiler dissolve from a £ cwt. to 60 lb. of soda in about

3 gallons of water; in a 60-gallon boiler melt tallow, and to it add palm-

oil, each in quantity according to season, as hereinafter stated. As soon as

the mixture boils, put out the fire, and let the mixture cool down gradually,

frequently stirring it while cooling. When reduced to blood-heat, run it off

through a sieve into the solution of soda, stirring it well the while to insure

perfect commixture. Proportions of tallow and palm-oil : in summer weather,

tallow 1 cwt. 3 qrs., palm-oil 1 cwt. 1 qr. ; in winter, tallow 1 cwt. 1 qr., palm-

oil 1 cwt. 3 qrs. ; in spring and autumn, tallow 1 cwt. 2 qrs., palm-oil 1 cwt. 2 qrs."

468. In using oil for the lubrication of maclunery, care should be taken to

insure a good quality. In the manufacturing districts, so important a matter is

the choice of good oil that " tests" are regularly applied to ascertain its value. It

is evident that, in such large establishments as are there existing, a large expen-

diture of power will be required when the oil is of inferior quality, having a tend-

ency to " drag." Sperm is used largely in these districts; and "mineral oil,"

manufactured from a peculiar quality of bituminous coal, is also highly thought of.

469. In figs. 160, 161, and 164 we have shown a usual method of applying oil

to movable joints—a tapered hole being generally bored through the cap of the

pedestal, as at k, fig. 160, and at /, fig. 161, or to the end of a vertical spindle, as

at A, fig. 164 ; into this tlie oil is poured from an oil-can as desired. As the

supply of oil to the bearings is thus dependent upon the care of the attendant, and
is consequently liable to frequent fluctuations, if not in many cases to total stop-

page, a lubricator, winch will act at all times, has been a desideratum among
engineers, to meet which numerous contrivances have been Fitr.m

introduced from timo to time. A simple contrivance is to

attach an oil-cup or small vase a a, fig. 209, to the bearing, a
pipe c leads from the interior of this to the journal. Down
this a skein of cotton or wool is placed, one end of which
rests in the oil in the vase ; the oil is thus supplied to the «

V

journal by capillary attraction. The supply to the journal is

constant so long as the vase is supplied with the oil ; but no

regulation can be attempted by this in proportion to the re- L

quiremente of the machine—the supply being constant, whether

the engine is standing or working, or going fast or slow. The —

i

top of the vase is at b. A method of overcoming this objection was introduced

by Mr Barton, which consisted in the employment of a conical plug-tap like

that of our ordinary stopcock, on ono side of which ho placed a small spherical

aperture calculated to contain a drop of oil. So long as the supply of oil was

iubricator rc>H miris
HM.
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Hg. 210.

it pt i r a>

maintained to the vase, and this cup remained uppermost in the tube connect-

ing the vase to the bearing, no oil was supplied to the bearing ; but on turning

the tap half a revolution, the spherical cup was reversed, and the oil contained

in it was discharged on the journal. To render it self-acting, and to stop its

supply when the motion of the engine or maclune ceased, all that was necessary

to be done was to connect a ratchet-wheel to the continuation of the plug-tap,

and work this ratchet from the shaft which required lubrication.

470. In fig. 210 we give a section of Tidmarsh's (23 Foxley Road, Ken-
nington, Surrey, London) self-acting

lubricator or oil-cup, which enjoys a
high reputation for efficiency and cheap-

ness.

471. Fig. 210 represents a vertical sec-

tion of one form of lubricator : a a is the

box cylinder, or vase of metal or glass

containing the oil, b b the oil or lubricat-

ing material, which is raised or elevated

by four tubular arms or spoons r r, and
conveyed into the cylindrical end of
driving - spindle c d, and then passes

through the perforation k and the tube

h to the bearings or other surface to

be lubricated. The whole four arms
can be used, or one only, according to

the space to be lubricated
;
being screwed in, they can easily be turned round

so as to come up backwards, they then take up no oil
;
they are screwed into the

hollow driving-spindle c which works through the cylinder vase or oil-cup,

having a button or washer to keep it in its proper position within the cup ; the

driving end of this spindle outside the cup has a flat side, to allow the pulley or

rigger e to be moved along and set at any required distance by the pinching-

screw f—the pulley is driven by a band from the nearest source of motion :

k is the perforation which allows the oil to be conveyed from the hollow arms
or spoons r r, through the vertical stem A, to the point where it is required

;

the hollow spindle is provided with a stop or washer, fixed between the

hollow arms, to prevent the oil raised by the forward-motion spoon passing

down the back-motion spoon : t is the top of the cylinder

or vase. To be set in working order, this lubricator

only wants the tube g at the bottom fixed in the oil-hole

of the bearing, and a small band of catgut or string

placed round the pulley e and attached to the nearest

Bhaft to give motion. The price of this form is 10s.

472. In fig. 211 we illustrate a form of lubricator by
the same inventor, by which the oil is regulated by hand
from 1 drop to 100 drops per minute : a b the vase or cup
containing the oil k k ; d the button, through which the

screw i works in order to raise the valve,;' to allow the

oil to pass down the t\il>o/ to the moving surfaces requir-

ing lubrication ; t the index or thumb-screw, by which
the supply of oil is regulated ; c a guide-plate attached

to the valve and spindle j; h h pillars or standards on
which the guide-plate works. To set this lubricator at work, the tobe /is fitted

into the oil-hole, and the cup filled with oil ; the index-plate is then set at the

Fig. su.

Tt! »l»Tl«ll « UAMP I.CBRKltOR
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quantity required according to the figures thereon. The price, in glass or bronzed

tin cups of this form, is 4s. 6d ; in brass cups, 6s. ; and without boxes, 3s. each.

473. Section Second—Force.—Mechanical work or effect is to overcome,

during a definite period, a certain resistance or series of resistances, in esti-

mating which the "pressure" exerted, the "distance" or the space passed

through, and the " time " in wliich the distance is passed over, are all required

to be taken into account. It is easy to enumerate various kinds of mechanical

labour ; the simplest, however, is to raise a perpendicular weight where inertia

is not regarded. What is called the "unit" of mechanical effect is the power
required to lift one pound "weight" through the " space " of one foot in a minute

of time. This is called the English unit, the French being a kilogramme

raised one metre high in a second. The unit of power adopted generally in

England is what is called a "horse power," this having been assumed by
Watt to be equal to 33,000 lb. raised 1 foot high per minute.

474. The principal sources of labouring force are the lower animals, man,
wind, water, and steam. The three last, subject to mechanical laws, can be

kept in action as long as required ; the force of the lower animals and man
depends upon a variety of circumstances, and can only be carried out at inter-

vals. " What may be termed the amount of a day's work, producible by men
and animals, is the product of the force exerted multiplied into the distance or

space passed over, and the time during which the action is sustained. There
will, however, in all cases be a certain proportion of effort, in relation to the

velocity and duration, which will yield the largest possible product, or day's

work, for any one individual, and this product may be termed the maximum
effect. In other words, a man will produce a greater mechanical effect by ex-

erting a certain effort at a certain velocity, than he will by exerting a greater

effort at a less velocity, or a less effort at a greater velocity ; and the propor-

tion of effort and velocity winch will yield the maximum effect is different in

different individuals."

475. For the following table of the averago amount of mechanical effect pro-

ducible by men and animals, we are indebted to Johnson's Book of Industrial

Dwgm, &c.

MeanWeiglit Velocity or Mechanical Dura- Mechanical

Nature or the Work. DUtBiu-^iwr Kffect |«r tion

per day.
Effect par
diem.

lb. feet.
lb. mUrd

1 foot high.

lb. raited

1 foot bi«h.

A man amending a slight incline, \

or a stair, without a burden, his f

work consisting 6imply in the (
143 .50 71.5 8 2,059.200

elevation of hits own weight, )

A labourer elevating a weight by )

means of a cord and pulley, the > 40 .65 20.0 6 561.600
cord bdlng pulled downwards, )

A labourer elevating a weight di-
j

rectly with a cord or by the
[

44 .56 24.6 6 531.360
hand, . . 1

A labourer lifting or carrying a
J

weight on his back, up a slight

f

iodine or stair, and returning!
143 .13 18.6 6 401.760

unladen, )

[Table continued.
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Mean Weight

,

elevated, or
Velocity or
Distance per

Mechanical
Effect per

Dura-
tion,

pard-y.

Mechanical
Effect per

lb.
lb. re t-o<l lb. raiaed

132 .06 8.5 10 306.000

60 .13 7.8 10 280.000

132 .50 66.0 8 1,906.800

tin2o O QA 69,0 It 1,4 22.240

2G 1.67 51.2 8 1,474.560

)7( 2.46 43.0 S 1,238.400

11 3.61 39.7 8 1,143.360

154 2.95 45.43 10 16,354.800

oovv not o ft ma can

66 6.56 433.0 H 7,014.600

143 1.97 281.7 8
j

8,112.960

66 2.95 194.7 8 5,607.360
31 2.62 U1.2 8

|

2,338.560

Natvbk o» tub Work.

A labourer carrying materials in 1

a wheelbarrow, up an incline of >

1 iu 12, and returning unladen, J

A labourer raising earth with a l

spade to a mean height of 5 feet, j

ACTION ON MACHINES.

A labourer acting on a spoke-

wheel, or inside a large drum, at

the level of the axis.

Near the bottom of the wheel,

A labourer pushing or pulling

horizontally,

A labourer working at a winch
bundle, ....
A labourer pushing and pulling

alternately in a vertical direc-

tion, ....
A horse drawing a carriage at an
ordinary pace,

A horse turning a mill at an ordi-

nary pace,

A horse turning a mill at a trot,

An ox doing the same at an ordi-

nary pace,

A mule do. do.

An asa do. do.

476. If we find that a machine only does a certain fraction of the work which

it is required to perform, this fraction is called the "modulus" of the useful

effect, the remainder being the amount lost by friction. Thus, if the work done

is only two-thirds of that required, one-third is lost by friction, two-thirds being

the modulus of the useful etTect of the machine. Thus in working the screw-

press two-thirds are lost by friction, so that one-tlurd is the modulus of the

screw-press. The endless screw loses in working one-half of its power by fric-

tion ; its modulus is therefore only one-half.

477. To ascertain the " modulus" of any machine, or, what is the same thing,

the amount of working effect lost by friction, we use the dynamometer and the

friction-brake. The dynamometer is employed in cases of draught, as plough-

ing, reaping, dragging of carts, &o. ; tho friction-brake where rotatory motion

is employed. We shall describe these contrivances at the proper places,

hereaftor proceeding, for the present, to notice the mechanics of " carriage-

wheels," and the principles of " draught."

478. Tho roller is the simplest and most accessible auxiliary in the hands

of the common labourer or workman, to aid his energies when he has occasion

to move heavy masses, as beams of wood or iron, or blocks of stone, over short

distances ; and how few of those, who are every day employing tins mechanical

agent, are likely to consider that, by means of it, they are moving the substance

under transportation over twice the space that tho roller itself has passed through.

Whon the substance moved is borne upon rollers having an axle passing

through them, as in tho case of a wheel-carriage, the transported body either
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Teste upon the axle, or on a carriage attached to it ; hence the velocity of its

rectilineal motion must be the same as that of the axis of the roller, which, as

is well known, passes over a space equal to the circumference of the roller or

wheel in every revolution of the same. When the substance simply rests on the

periphery of the roller or wheel, it will be easily seen, that for every revolution

that the roller makes it will move over a space on the surface of the ground

equal to its own circumference, and that while doing so, the substance which it

bears along, will, in the same time, have applied to the roller a portion of its

length equal to that circumference, and which will have passed over the roller

;

but the Bubstance being entirely borne by the roller, must also partake of its

progressive motion through space, and that at the same rate as the roller itself

;

hence the substance must have passed over double the space that the roller has

done in a given time. This result will perhaps be more clearly understood by
considering increments of tho motions.

479. Let a 6, fig. 212, be the surface of the ground on which a roller, repre-

sented bv the circle c d _. ,„.,"
. i

tig. SIX

ey is to roll, beanng the

beamfg. If the beam
be pushed in the direc-

tion of g f, every point

in the arc c d of the

roller will successively

come in contact with

corresponding points in

the surface of the beam
lying between c and d

;

during this process the

circle will have moved
in the direction b a, over

a space e A, on the

ground equal in length to the arc i k or c d, and the centre o of the circle will

have moved over a like space o I, but the diameter e c will now have assumed
the position' it to, and id the perpendicular position h n, the point p having
moved to n, or through twice the space o I, or twice the arc c d ; and the beam

gf has in like manner moved through twice the length of the arc c rf, equal

to tho space pen, which is double of o I or e h. It results from this con-

clusion that the body must very soon pass beyond the roller ; hence a constant

succession of rollers must be applied in front of the moving body, and hence,

also, the application of this species of carriage must in general be limited to

short distances. But from the extreme simplicity of the apparatus, and if the

bed on which the rollers move is of a uniform texture, an almost entire

absence of friction is obtained, whereby very heavy masses may be moved with

a comparatively small force, and wo accordingly see this simplest form of carriage

in almost daily application. It is further well known that this principle has been
applied in modern times to the transport of immense masses, larger, perhaps,

than ever were moved by the engineers of antiquity, however colossal their

works may have been. Tho mass of rock that forms the pedestal to the statue of

Peter the Great at St Petersburg, stands a noble monument of modern engineer-

ing, especially as regards its transport over a distance of four miles, achieved

by the application of this principle : the rollers, however, in tins case, were
spheres of metal about C inches in diameter, and not cylinders, but this does

mi KmcT« oh MoriOM o* mik »mi<u hovi kvl.
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not alter the principle of the motion. The subject is one of much interest, but
it would be out of place to follow it up here, our object being more of an agri-

cultural than an engineering character.

480. Though it is probable that the simple roller had succeeded the sledge,

as a medium of transport for heavy bodies, in the early stages of society, it

appears evident, from historical records, that the wheel and axle had been
resorted to at a very remote period ; for both in sacred and profane history

we can trace their use through a period of not less than 3000 years. It appears

very probable, also, that in the early application of the axle, it was adopted at

first to combine two short rollers, which would have an advantage over the long

roller, by avoiding, in their progress, much of the obstruction that the con-

tinuous roller must have met with. The transported body would then lie upon
the axle, and to prevent its travelling over it, which it would do, though at a
much slower rate, than under the arrangement shown by fig. 212, the transition

is easy to round the axle, and confine it to turn in a box or bush attached to

the body under transportation, which now, in fact, becomes the carriage.

There is every reason to believe that this has been the original form of wheel-

carriages ; that is to say, the axle and the wheels moving together, the former

being confined to turn within bearings attached to the body of the carriage,

and the wheels short but solid cylinders of wood. This form of wheel and axle

is not confined to antiquity ; it has existed in Europe, in Britain, within the last

century, and is yet to be met with in some remote regions. It 'is worthy of

remark, that the wheel and axle of almost all railway carriages, whether of

early or late construction, are upon this plan; and the most perfect of all

wheel-carriages—the railway locomotive— is the same.

481. It might be urged from this last circumstance, that this being held

as the best form of wheel and axlo for railways, and especially the locomotive,

that it ought also to be the best for all other wheel-carriages ; but there are

circumstances which render it applicable in the one case, and inadmissible in

the other. In the railway carriage, it has been found by experience that the

wheels and axles are less liable to derangement when turning together within a

box or bush, than with the wheel turning upon the axle, though a carriage

mounted in that way is not so well adapted to turn in a curve of short radius
;

but to obviate this, railways are now laid out with curves of very long radius.

On the other hand, wheel-carriages for common roads and all domestic pur-

poses would be extremely inconvenient if their wheels moved together, as they
have very frequent occasion to turn in very narrow limits, which could only be
done under great disadvantages were the axle and wheel to move together

;

but with wheels turning upon the axle, the greatest possible freedom of motion
is afforded for turning in a small space

;
and, but for this difficulty, it appears

yet undetermined whether or not the ordinary cart would be better adapted for

its work, and the wheels more durable, were they fixed upon the axle. Be this

as it may, the step from the fixed wheel and axle to the fixed axle and revolv-

ing wheel has been easy and obvious.

482. Though, in some barbarous cases, the rude form of wheel and axle is to

be found in later times, there can be no doubt that in those countries where the

arts flourished at an early period, the wheel and axle were employed under the

same principle as we now see them in the present day ; and this is another

instance of the really small progress of human invention during a period of from

two to three thousand years ; but it must be admitted, that though we have not

brought any new principle into operation, we have greatly improved in the

details of the construction of wheel-carriages.
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CURVES GENERATED BY REVOLUTION OF WHEELS. 127urnmm
483. In considering the action of carriage-wheels in general, we have seen

that, when applied as simple rollers, if the surfaces on which they roll were

level, perfectly smooth and hard, and the roller also possessing the two latter

qualities, there would be little or no resistance from friction, and the carriage or

body woidd move with the least possible force. These circumstances not being

attainable, and, from considerations of convenience, the wheels being placed

upon an axle, it comes to be viewed under a change of circumstances : thus,

though we may still conceive the wheels to move upon a surface that might

present no obstruction to its forward motion, we have an element of resistance

now introduced,—the friction caused by the wheel turning upon its axle

;

which, along with certain peculiarities connected with the subject, is first to be

considered.

484. If we take the wheel as rolling upon a level plain, and its circum-

ference being supposed a perfect circle, it presents several peculiarities. Let

the circle a, fig. 213, represent a wheel rolling from b towards c on the level

Fig. 21X

TIVII-T I* TH
C'V« HlvoLiiIlflM Of TUI

i or * whiil *m> ir»

line b e ; when it has made one revolution, its centre a will have moved through

a space, and will have described a straight line i k in that space, in a vertical

plane, equal to the circumference of the wheel ; that point of the circumference,

also, from which it started on the level plane, will have described the beautiful

and highly important curve the cycloid b d c, having its base b c equal to the

circumference of the wheel, and its height d «, or axis of the cycloid, equal to

the diameter, while the length of the curve b d c has been found to be equal to

four times the diameter of the wheel. When the describing point is taken any-

where within the circumference of the circle or wheel, the curve described,

though a modification of the cycloid, assumes a somewhat different character.

Suppose a point in the circumference of the nave of the wheel, as at/, the curve

generated by tins point will be inflected, as gf A, crossing the straight line

described by the central point of the circle twice in the course of one revolution

of the wheel ; but the base of any curve that can be so generated, will be
always equal to the circumference of the primary circle. It is foreign to the

objects of this work to trace the remarkable properties of the cycloid ; suffice

it to say, that they are higlily important in the theoretical consideration of

dynamics, and have been investigated and determined by the most eminent
geometers ; and we can thus see that even the mean and homely object—

a

cart-wheel—may have afforded data upon which some of the finest intellectual

discoveries of the human mind have been based ; for the investigation of

this curve has occupied the attention of such men as Des Cartes, Pascal, and
Huygens, to the latter of whom we owe the discovery of the remarkable property,

that in a cycloid (in a position inverted to that of our fig. 213), bodies let
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rig. 214.

fall from any point of the curve will reach the lowest point of it at the same
time.

485. As regards the theory of the wheel, applied practically in agricultural

carriages, we have, first, to notice the manner in which it is affected by the

draught, the resistance of the road, and the friction at the axle. We have
seen that wheels in moving along a level road have their centres always pre-

served at the same height ; and from the manner in which the carriage is

attachod to the axle, and the draught to the carriage, we know that the ultimate
effect of the latter results in its direction being nearly in a straight line drawn
from that point of the shafts where they are suspended from the back of the
horse on to the centre of the axle. This lino may in some cases be horizon-

tal, as in the case of a horse of low stature ; but in most cases it forms an
angle with the horizon of from 5° to 12°, and its true position is such as to

bring that point of the shafts to which the draught-chains are attached into a
straight line between the centre of the axle and the hook of the horse's collar,

and in the present consideration, it will be sufficient to assume that the line is

horizontal. If we now suppose a carriage loaded to the ordinary extent, and
bearing upon the axle, which again rests upon the lower side of the box or
bush of the wheel, we have the following results.

486. Let fig. 214 exhibit the above arrangement; ah c is the wheel, d the

axle, a e the horizontal plane, on
which the wheel move*fe in the direc-

tion of the line of traction d/. If

the plane a e is truly level and
smooth, the wheel will be put in

motion with a very small force
;

and if we suppose all friction at

the axle destroyed, it goes on
without stopping, as there would
be no resistance ; but such a state

is not attainable in practice, and
that from external causes,—the re-

sistance of the air, the impossibility of procuring a surface devoid of in-

equalities, and, consequently, any attainable surface will be productive of
friction or resistance. A wheel, with a cylindrical edge, rolling on a plane,

whether horizontal or inclined, as it does not slide upon that plane, but makes
simply a succession of contacts, cannot bo said to meet any resistance from
friction : the chief resistance it encounters, then, is from inequalities of surface,

winch may induce a constant succession of ascents of the wheel and its load

over these inequalities, with intermitting descents of the same
;
or, as in the

case of a soft and yielding surface, it will amount to a constant ascent, but still

without friction, a term which can only be applied to that species of resistance

arising from the motion of one body sliding upon, or through another. The
chief source of friction, then, in tho wheel, is that which is generated between
tho axle and its bush ; the amount of this friction will depend upon the relative

diameter of the wheel and its axle, and upon the nature of the materials of the

axle and the bush, and also the state of their surfaces. As regards the first, if

the radius of tho wheel d a, fig. 214, is taken at 28 inches, and that of the axle

d i at l£ inches ; and a force applied to the axle in the direction d/, while the

whole pressure of the load rests on the point i, where the friction is produced

:

if the axle is thus drawn forward by the force db, the wheel is resisted by itH

contact with the ground compelling it to roll along, and thus there is produced

rater I';* or u»KKi*n> wu*«(«.
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the sliding motion at t upon the axle ; but the radius d a acts in this case as a
lever of advantage, in favour of the force d b

f
in the proportion of da to d t* or

the circumference of the wheel to the circumference of the axle. For when the

entire circumference of the wheel has been applied to the surface of the ground,

that of the axle only has been applied to the surface of the bush ; and as the

diameter of the axle may be taken at ^ °f *ne wheel, the amount of friction

acting in resistance to d b the draught, will be only^ of the entire resistance,

whatever that may be.

487. Much uncertainty prevails as to the value or amount of friction in rela-

tion to the load: while some experimenters have found it not to exceed
with a surface of iron running upon brass, and well oiled, others have made it

as
J.
or -fa of the load ;

and as cart-grease is not usually the most unctuous
of substances, we with safety take it at for cart-axles. Let the load, then,

including the cart, be 25 cwt.; -jV of this is 175 lb. for the absolute resistance

from friction at the axle ; but we have just shown above that the leverage of the

wheel and axle reduced it to ^ or y^=8 lb. nearly, as the actual value of the

friction at the axle, resisting the force in the direction d 6, fig. 214, or, in other

words, the draught ; but here it must be understood that the axle and bushes
must be in the best condition, the former steeled on the lower side and turned,

or turned and case-hardened, and the bush smooth and hard. We see from this

reasoning, that the friction of the axle produces but a small portion of the

resistance ; for taking the draught at an average of 160 lb., which is known,
both from theory and experiment, to be about the amount of a horse power,

moving at 2^ miles per hour, the resistance of the axle forms only ^ of this

draught.

488. It is from the surface of the road, then, that we are to find the remain-
ing B of ^ resistance

; Flff. 2li d

and this will appear suf-

ficiently obvious from a
consideration of fig. 215.

The resistance to the mo-
tion of the wheel, it has

been stated, arises from
inequality of the sur-

face over which it rolls,

and this may be shown
,

by taking the point b as

an obstacle coming un- n

der the wheel, and over which the wheel and load must be raised. Most of those

who have treated this part of the subject, have usually demonstrated only the

relation of one wheel to another, in terms of their diameter or their radius, and the

resistance respectively encountered in passing over any obstacle, viewing the

wheel simply as a roller, within which the whole load is'concentrated. Thus, if the

circle cad represents a wheel rolling on the horizontal line c h, and opposed by an
obstacle at i, while it is drawn forward in the direction o a by a certain force, this

force will act with a leverage equal to o e in overcoming this obstacle, while the

weight of the load on the wheel opposes it with a leverage that is represented

by the line e g. By construction, b is equal to y/ d c x */ e c;* and suppos-

ing the obstacle to be the same for all heights of wheel, bf— e c will bo constant,

while d e varies as the diameter, but b e will increase only as the square root of

d «, which, in all ordinary cases, may be held as equal to the diameter, and

* Budid, Hi. 36.

i

iuci ou»j*ci.«« os «t;«r*ii£ or mm hOiD
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therefore the force required to move the wheel over the obstacle b will be

inversely as the square root of the diameter of the wheel, nearly : for example,

taking the common cart-wheel of 56 inches diameter, its square root is 7.5

nearly, which may be called unity ; and take another wheel of 68 inches, or 1

foot higher, the square root of this is 8.2, and, compared with the first, is 1.09

to 1. If a force of traction, therefore, of 3001b. were required to overcome this

obstacle with wheels of 56 inches, a force of 275 lb. would overcome it with

wheels 1 foot more in diameter, for as 1.09 : 1 : : 300 : 275 ; this is supposing

that in both cases the force is supplied horizontally from the centre of the

axle.

489. The foregoing example is still only applicable to the case of a roller

or wheel having the load concentrated within it, or otherwise placed right over

its axle ; but as this does not apply with exactness to a two-wheeled cart having
the load disposed in such a manner as to throw its centre of gravity about 5

inches before the axle, we shall now take a more practical case, and consider it

under this last circumstance.

490. Referring still to tig. 215, suppose that the wheels are moving over

a surface that yields to the pressure so as to sink £ inch into the road, which
may heuce be considered as presenting a constant obstacle of one-half inch in

height. This will give us d e equal to 55^ inches, and e c one-half inch, the

y/55.5 x sf.b = 5.2 inches = b e, and if the force of traction is applied at o in a

horizontal direction, it gives the lever o« = - ce-— .5 = 27.5 inches,

while the resisting arm is 5.2 inches, making the power to the resistance as 27.5 to

5.2. The entire load being supposed 25 cwt., of which, from its disposition on the

length of the lever formed by the body and shafts of the cart, from ^ to ^ is

bome by the horse, the remainder by the axle : the load on the horse may there-

fore be taken at f$ = 1.3 cwt. nearly, leaving on the axle 23.7 cwt. ; and this, in-

creased by the weight of the wheels and axle, will make the amount of resist-

ance about 28 cwt. But as the power of the lever o e is to that of e b as 27.5

to 5.2, or 5.3 to 1 nearly, then f § = 5.283 cwt., or rather above 5£ cwt. for the

force of traction during the first instant of raising the wheels with this load

over an obstacle £ an inch high. This is supposing that both wheels meet the

obstacle, and that it is perfectly incapable of being depressed. If only one

wheel meet it, then the resistance is reduced one-half, and the traction one-half

;

and if the obstacle arises from a uniform sinking of the surface by the pressure

of the wheels, then both meet the obstacle ; but as it suffers depression while

the load is in the act of being raised, the maximum of resistance will again not

exceed one-half of the result quoted above, or 2.625, and will vary downward
according to the state of the road, till it reach the minimum force of traction,

which cannot be estimated at less than 120 lb.

491. From the foregoing remarks we have seen that the friction at the axle

is inversely as the diameters of the wheel and the axle, but, at the same time,

that friction iB so small in amount, that any practicable addition to the dia-

meter would produce such a mere fraction of reduction upon the total resist-

ance as to be of no importance in practice. On the other hand, though the

resistance arising from impediments on the surface of the road affects wheels to

an amount greatly beyond the friction at the axle, to not less than 20 times

the amount of the other, and though the reduction of resistance increases in

a much lower ratio with the diameter, being inversely as the square roots

nearly, yet even tliis, as we have seen, would only increase the advantage by
of the wholo resistance, or as 1 : 1.09 as above, with wheels of 1 foot greater
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diameter,—an advantage not to be compared with the many inconveniences that

would attend such an increase of height in the wheels.

492. The present seems an appropriate place to introduce a few remarks on
what may be called the "pliilosophy of loading of wheel-carts," or the disposi-

tion of the load.

493. The Disposition of the Load.— It is alwayB of importance to husband
well the energies of the horse ; and in no case is it more necessary than in the

cart-horse. The disposal and management of the loaded cart has frequently

occupied attention : by some it has been treated in a becoming manner, though
frequently too abstruse for the agricultural mechanic, or general agricultural

reader. In others, the lucubrations are neither rational nor mathematical,

though professing to be the latter, but exhibit an attempt to set at nought the

received statical laws, and partially to annihilate matter, or at least its effects,

as evinced in the principle of gravitation, a curious example of which is to be
found in a modern periodical. We do not stop to point out the errors here alluded

to, but proceed to a simple consideration of the subject.

494. To facilitate the arrangement of the load in the two-wheeled cart

—

described hereafter in the section Construction of Carts, Book Second— the

practice has been to place the cart upon the axle, in a position that places ^ of

the body before the axle, and $ of it behind. Whether this has been deduced
from calculation or experiment, cannot now be determined ; but one thing is

certain, that the above proportion seems to suit all purposes, and what is more,
it yields, by calculation and experiment, a result which loads the horse in the

shafts with a fair degree of pressure, and such as he is quite capable of support-

ing through a moderate journey. The amount of this load on the back of the

horse has frequently been very much overrated ; and few practical people having
a clear conception of its amount, it may be satisfactory to many that the true

state of the matter be made to appear.

495. The position of the caddy-bolts is usually detennined in accordance
with the above practice, or the following division affords the same result : To
the length of the body-frame add half the slope of the front, or 2 inches ; divide

this whole length into two equal parts, and subdividing the back half into seven

equal parte, the caddy-bolt holes will be in the first of these subdivisions, or at

iV part of the whole length behind the central division. Thus, in the cart

whose body-frame is 5 feet 4 inches, add 2 inches for the half slope of the front,

making 5 feet 6 inches, or 66 inches in all. Half this is 33 inches, \ of which
= 4.71 inches, and 33+4.71 = 37.71 inches, the length of that portion of the

body that lies before the caddy-bolt, while the remaining 28.29 inches lies

behind, being f and $ as before. When the cart is loaded, therefore, there will be
a preponderance of \ of the load before the axle on which the cart-body rests.

496. Taking the whole load at 21 cwt., j of this is 3 cwt., or 336 lb., the

preponderance of the load forward, on the supposition that it is uniformly dis-

tributed over the cart-body ; but as the common practice places it more towards

the front, the preponderance may, with more accuracy, be taken at 400 lb.

Taking the weight of the cart-lx>dy, exclusive of the wheels and axle, at 5 cwt.,

and taking \ of this also, or 80 lb., and adding to this the effect of the shafts, with

the iron mounting, which may amount to about 60 lb., and is to be considered as

acting at the centre of gravity of the preponderating part of the load, we have
an aggregate preponderance of 400 + 80 + 60 = 540 lb. This quantity is to be

supposed as distributed over that part of the body lying before the axle, and from

the disposal of this part of the load, its centre of gravity will be at the distance

of about 20 inches before the axle. Again, the shafts in this arrangement form
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a lever of the second order, whose fulcrum is the axle, and the load is applied

at the distance of the centre of gravity, 20 inches from the fulcrum, while the

power (the horse's back) is applied at 4^ + 3 feet, or thereby ^90 inches from

the fulcrum, giving the power a mechanical advantage of 90 to 20, or 4.5 to 1

:

the horse therefore bears -fa part of the preponderating load, which, as we have

seen, is 540 lb., ^ r part of which is 120 lb. for the pressure on the back of the

horse. This calculation agrees perfectly with experience, for, by experiments on
loaded carts with a dynamometer, the strain on the back-chain of the horse has

been found to range froni 100 to 140 lb., when the shafts were in the due work-

ing position.

497. From the want of a due consideration of the effect of the load as it

presses on the horse's back, the results aro frequently much exaggerated, and
much uncalled-for pity and commiseration excited in behalf of the horse, by
those who, not taking time to investigate, are led by their feelings into erro-

neous conclusions as to the amount of suffering which, in too many cases, is

inflicted most unnecessarily upon that valuable animal by his careless and
unthinking driver. But the direct load on the horse's back here established, is

that due to travelling on a level road, and it is liable to variation when travel-

ling on inclined roads, always to the inconvenience and suffering of the horse.

In such cases the variation depends much on the nature of the substance com-

posing the load. If it is of a nature to load high, the variation becomes the

greater, in consequence of the centre of gravity being proportionally high ; and
the inclination of the cart-body and shafts following the rise or fall of the road,

the position of the centre of gravity is thrown backward or. forward : backward
in ascending, thereby lessening the pressure on the horse's back ; and forward

in descending, increasing the pressure. These variations, though no doubt a

source of inconvenience, have also been exaggerated ; for we have found, from

actual experiments, as well as from calculation of the effects, that in descending

an inclination of road so great as 1 in 8, that the increase of pressure on the

back of the horse is not more than J of the pressure on a level road, the ulti-

mate strain on the back-chain arising from such inclination being about 160 lb.

This is, besides, a very extreme case, for few roads are now to be found with

such a high gradient. There is good reason, therefore, to conclude that the addi-

tional strain on the back will seldom amount to 30 lb., except with loads of corn

and hay, in which the centro of gravity is necessarily high. In ascending accli-

vities, the pressure on the back is reduced in nearly the same proportion as the

increase upon declivities.

498. The inconveniences thus attending the variation of load in ascending

and descending inclined roads, has given rise to numerous proposals for methods

to equalise the pressure on the back. Hitherto, however, nothing of value has

been discovered, in which the trouble and inconvenience attending the adjust-

ment of the apparatus proposed, does not more than counterbalance any advan-

tage that could be obtained from it. One of the most feasible plans proposed

to achiove this, is to have the cart so placed on the axle that the whole cart-

body, with its load, shall be made to slide a few inches backward or forward

upon the axle, by means of a screw placed at the back of the cart, and may be

turned by the hand. Such an apparatus may no doubt be rendered capable

of effecting the intended purpose ; but it would so encumber and break in upon

the simplicity of the machine, besides requiring considerable attention, and all

these to an extent that, it is to be feared, would not be compensated by advan-

tages of equal value.

499. It will always be on descending inclinations of road that the horse will

Digitized by Google



LINE OF DRAUGHT OF CARRIAGE -WHEELS. 133

be most distressed
;
and, from the comparatively small increase of load that

is brought upon him in the descent, as has been already shown, it seems pro-

bable that what he suffers arises more from the cart with its load pressing him
forward, than from the direct effect of gravity upon his back. If this view is

correct, and there appears much reason to believe it, it would then be of greater

moment to obtain a ready and efficient means of retarding the forward tendency
arising from gravity, by the application of a drag, than by any attempt at shift-

ing the load. This has been attempted by the action of the horse in holding

back through the medium of the brecching-harness acting upon friction-blocks

pressing against the edge of the wheel ; but it seems very questionable if the

method can be rendered sufficiently effective with safety to the horse. As a con-

venient means of (bragging, there appears no method more simple and efficient

than that which we have copied from our French neighbours, and is now applied

with such success to omnibuses and gentlemen's carriages, namely, the lever,

or the lever-and-screw drag, applied to the periphery of the wheels. This mode
possesses most of the advantages required in an efficient and convenient drag,

is easily managed, and not very expensive ; neither would it incommode the

ordinary working of the cart ; and as it can only be required in hilly districts,

or where roads are not well levelled, it could be laid aside or applied, according

to the nature of the journey that might be in contemplation. Attempts have
also been made to apply a drag on this principle to the nave of the wheel ; but
this has been, and always will be, a failure, owing to the comparative small-

ness of diameter, and consequent low velocity of the revolving surface against

which the friction-blocks are pressed, affording but a small degree of friction,

unless the levers are made very strong, and to act with great mechanical advan-

tage. But these conditions involve two other disadvantages—the additional

weight of a stronger apparatus, and the risk of fracture, arising from greater

pressure being requisite to give it effect.

500. These considerations naturally lead us to consider the question of the

direction of the line-draught of wheel-carriages. This is a point which is also

deserving of consideration in its application to wheel-carriages ; and in this

view the structure of the horse, as an animal of draught, should be kept in

mind. From the configuration of the skeleton in the horse, and his muscular
system, we perceive at a glance that his form is adapted to produce a much
greater effect in dragging a load than in carrying upon his body. In man the

case is different. From the circumstance of his skeleton, in the lower extre-

mities and trunk, being composed of parts superimposed, and forming a column,

which, though furcated below, is only thereby rendered the more stable, he is

capable, though greatly inferior in weight and mass, to bear a vertical load even
surpassing that of a horse, while in dragging he is greatly inferior ; and it is

only by inclining his body from its upright natural position, that he is ablo to

exert beyond a very moderate force in a horizontal or slightly-inclined direction.

It is true that, if his body is once so far inclined as to admit of his gravity to

bear with its maximum effect, while his limbs and vertebral column are brought
to act in concert with his weight to resist a force of traction applied to his

shoulders, he will, in such a position, produce a much greater effect, taking

weight for weight, than a horse ; and while a man will travel with a load on
his shoulders equal to § of his own weight, a horse will not do the same with
more than But a horse will perform a journey with equal ease, and drag a

load of twice his own weight, if placed in a two-wheeled cart. And hence we
see the vast importance of the modern system of good roads and wheel-car-

riages, as compared with the state of things only a century ago, when roads, if
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existing at all, were in a wretched state, and, consequently, much of the con-

veyance of goods and produce was performed by pack-horses—the load laid on

the back of the horse. Now the useful effect of a horse may be estimated at

six time8 that of the back-load practice.

501, In achieving these great improvements, advantage has been taken of

the physical properties and conformation of the horse, especially that of his

being more adapted for drawing than for carrying. But it has also resulted that,

from his powers of draught depending in some degree upon his weight as well

as upon his muscular energy, it is found advantageous to give to his weight an

increased effect, either by direct application of a limited load upon his back, as

in the case of the two-wheeled cart, or artificially, by causing the direction of

the line of draught—as in the plough—produce indirectly a force in the direc-

tion of gravity, by the oblique direction of the draught. Thus we see, that in

drawing the plough, while the horse is exerting a force of draught of 160 lb. to

draw forward the plough, he is bearing, as a part of this result, a vertical pres-

sure at or near his shoulders, arising from the direction of the trace-chains,

which here lie at an angle of about 18°. Though this angle, in working the

plough with horses of ordinary stature, is found convenient and effective, it does

not follow that the same is requisite in all cases of draught
;

for, with due con-

sideration to the comfort of the horse, it should vary with the weight and the

supposed muscular powers of the different horses that may bo employed
;

though, from the practical difficulties attending any attempt at such adjustment,

it becomes necessary to adopt general principles, and to be satisfied with

approximation. In no case, however, can it be otherwise than disadvantageous

to the horse to make him draw horizontally ; and much worse were the line of

draught to incline upwards from his shoulders, as either of these would tend to

deprive him of part of his natural weight.

502. It appears evident that, in order to give the horse full advantage of

his own weight in pulling, the line of direction in which his force is applied

should lie in a plane that would pass through the centre of gravity of his entire

mass. This will bo more clearly evident from fig. 216, representing a horse,

tu* nusom t» that :,»trr.wi«i Tim x. or PKit.our,

with lines of draught extending from the hook of his collar, and which will

servo to elucidate our position. The centre of gravity of the horse will lie about
the position $r, coinciding nearly with the line a rf, forming an angle of 18° with
the horizon, which is nearly the angle of draught in the plough. Hence, in the
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ploagh-yoke, the traces being at 18°, the principal condition will be very nearly

fulfilled, and there will be no nndue tendency either to take from or add to the

effect of his natural weight. If he is made to draw at a higher angle, such

as would cause the line of draught to fall still beyond the position of his hind-

feet, he will feel an unnatural pressure towards the earth on his fore-quarters
;

and if the angle is still increased till the line fall within the position of his hind-

feet, the unnatural pressure would extend to both fore and hind quarters ; if the

contrary, at a lower angle, as at a 6, the line of draught lying thuB above the

centre of gravity, the effect will tend to lift the fore-quarters from the earth.

Any tendency towards lifting his fore-quarters takes directly from the power of

the horse ; and any tendency towards pressing upon his fore-quarters, though it

will not reduce his power directly, will produce a necessity for greater exertion

in his muscular system throughout, by having to move with what is equivalent

to an increase of his weight.

503. In the two-wheded cart we can observe a very neat adaptation of the

principle here brought forward ; and though it appears justly adapted to suit

the case, it has probably beon realised more from chance than from reasoning,

but most probably from a long course of observation, without reference to causes

and their effects. In the cart with wheels of the height commonly employed,
we have the line of draught determined by the radius of the wheel, the height

of the hook in the horse-collar from the ground, and the distance from that hook
to the centre of the axle. The height of the hook may bo taken at 4 feet 6 inches,

the radius of the wheel at 2 feet 3 inches, difference 27 inches, and the horizontal

distance 7 feet 6 inches, giving an inclination to the line of draught of about
12°, corresponding to the line ac

y
fig. 216. The plane of this lino lies higher

than the centre of gravity of the horse, and for that reason would have the ten-

dency of taking from his weight ; but to obviate this, the necessity arising from

the nature of the vehicle, that a small portion of its weight be thrown upon
the horse's back, comes aptly in to restore the equilibrium. By throwing a por-

tion of the pressure of the load upon the back of the horse, we do in effect

lay an extraneous body upon that part of the animal, which, for the time, lie-

coming in effect a part of his entire mass, raises his centre of gravity, and, if

all is properly adjusted, it will be again in the plane of the line of draught, and
the fore-quarters of the horse will be nearly as free to move as before. There
will, however, be an additional pressure thrown upon his hind-quarters by this

extraneous weight ; but this is again compensated by the average force of trac-

tion in the cart being less than that of the plough, in the proportion of 120 to

160. Although, from the nature of the subject, wo cannot reduco these data to

any minute calculation, there appears to be sufficient grounds to establish the

foregoing remarks, as being based upon the legitimate principles that govern the

determination of the angle of draught. It is certainly evident that the nearer

we can approach to the principle of coincidence of the centre of gravity of the

horse and his load with the plane of the line of draught, so much tho nearer

are we to removing all unnecessary exertion of the animal.

504. From these considerations, it follows that the angle of draught, so

far as regards the horse, should not exceed 18°, but that it may range from

that to the horizontal line, or even to ascend above it, provided that duly pro-

portioned extraneous loads be placed upon liim. We see here also a corrobora-

tion of the advantages of two-wheeled carts over four-wheeled waggons ; for if

the foregoing views are correct, waggons having four wheels of the same height

as common cart-wheels, tho shaft-horses in such waggons never can give out

their full effect, or an effect equal to what they would do in carts ; and it is

curious to remark, that giving to waggons high front-wheels, which is now
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becoming prevalent, is rendering them less effective than under the old system of
low front-wheels, so long retained for the convenience of turning. Waggons
with low fore-wheels brought the line of draught to nearly the same angle as

in the plough ; hence the shaft-horseB would give out their maximum effect, and
what is more, the higher angle of draught must have served to counteract the

disadvantage under which low wheels must always lie in passing over obstacles,

or in soft roads producing a continuous obstacle.

505. We see here also the disadvantage of employing two, three, or more horses

in line, whether in the plough, the cart, or the waggon, for in all such cases

every horse before the one in the shafts must of necessity draw upon a line nearly

horizontal; and it is not too much to say, that, so yoked, a horse will not give out

more than f to £ of his full working effect. This conclusion agrees with well-

established practice under the Scotch system of managing horse-labour; and it

is, moreover, seen to be gaining favour over the still older practice of the four-

wheeled waggon ; for in a report of experiments, on the large scale, of the reduc-

tion of horse-labour by the use of single carts, by Mr Hannam of Burcott, Oxford-

shire, a saving of expense, on the carting alone, of a farm, amounts to 19 per

cent, as compared with team-labour in waggons, and no less than 47 per cent

when the pair-horse system is extended to all the operations of the farm.

506. We have thus endeavoured to establish some data for the angle of the

line of draught, showing that it is not necessary to be alike in every case, and
that beyond a certain limit either way it is disadvantageous to the horse. In the

cart, as well as in the plough, it is confined practically within a small range of

angle ; thus the height from the ground to the centre of the axle gives nearly an
invariable point. The hook of the collar is subject to small variation, arising

from the height of the horse and the distance botween the hook and the axle
;

and, in some descriptions of carts, is liable to more considerable variation
;
but,

on the whole, the range will be between 8° and 13° ; and it is to be kept in

view, that tho straight line lying between the hook of the collar and the centre

of the axle is invariably the true line of draught. It is not affected by any
bolstering up of the cart upon the axle, nor by lowering it, though these two
conditions havo an influence on the load, as they tend to raise or lower its

centre of gravity ; and to keep that low should be an invariable rule. In yoking
the horse in the cart, the back-chain should be so adjusted to length as to place

the shoulder-slings or draught-chains in the straight line towards the axle

;

every deviation from this places the horse at a disadvantage. If the back-chain

is too long, so as to mako the draught-chains range towards a point below the

axle, the horse will be unnecessarily loaded on the back, causing undue exer-

tion both before and behind ; if the contrary, he will bo deprived of part of the

benefit of his weight, and his fore-quarters will not have their due share of

effect on the draught.

507. For horses employed in light carriages going at a high speed, the

draught-chains or traces are not required to be at such a high angle as for

heavy loads at a low speed, the amount of draught in cases of high speed
becoming very small as tho speed increases, and the effect of the angle of

draught has little influence on the amount of exertion, and in all such cases

it is better to approach as much as possible towards the horizontal line.

508. This leads us to consider the effect of springs on loaded carriages. Ot
the efficacy of springs in fast carriages there can be but one opinion, whether
we regard safety, comfort to man and beast, and ease of draught. For all

vehicles also employed for carrying the lighter description of loads, tho advan-

tages of springs seem equally well established ; but for all such purposes they
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should possess the property of admitting undulation in the vertical direction

only, with as little horizontal motion as possible. The latter, especially in the

direction of the draught, produces constant inequalities in the resistance to the

draught, from the swinging motion of the vehiclo, whereby the momentum
which at any one instant may have been acquired by the carriage, may be

destroyed by a swing of the suspended body in an opposite direction. The grass-

hopper-spring, in somo of its modifications, is the one to be adopted in all such

cases. The effect of the grasshopper-spring beiug to produce vertical motion

almost solely, has the beneficial effect of greatly lessening the jolts and shocks

that vehicles are subject to on the very best of roads, and in the case of small

obstacles being presented to the wheels these springs perform a very important

part. Instead of the whole mass of the carriage being instantaneously elevated

upon the obstacle, the wheel and the axle, or, it may be, the bed-frame of the

carriage, are in the first instant raised, and are allowed to do so by the yielding

of the springs before this upward motion is communicated to the suspended part

of the vehicle, thus dividing the upward impetus between the two. In descend-

ing from any such obstacle, the reverse of this process occurs, the fall being in

like manner broken by the elasticity of the springs ; but this is not all the

advantage, for in thus passing over a stone, or any obstruction that occupies but
an instant of time, the yielding of the spring before elevating the load, will, in

effect, reduce the height of the obstacle to an extent proportioned to the elasti-

city of the spring, thereby requiring less exertion of the power to take the car-

riage over it.

509. The useful application of springs to heavy-loaded carriages has also been
frequently recommended by those who may be competent judges ; and it must
be admitted that they might be applied with beneficial effect, in so far as regards

the draught and ease to the animals of draught ; but a serious obstacle inter-

venes, the expense—and especially if the expense incurred would balance any
advantage that might accrue from their adoption. The cost of a set of springs

for a single-horse cart, supposed to bear a load of 1^ tons, cannot be less at the

present time than £3, which adds more than 25 per cent to the price of the cart

complete without springs ; and we are yet without any certain data by which
we can calculate that a horse would take a greater load upon a cart so con-

structed. There can be no doubt that roads and horses would be benefited by
the introduction of springs to all carriages ; but it is yet an unsolved problem,

whether, on the whole, it presents that amount of economy to make its adoption

an object to the farmer.

510. There is one other point yet in connection with the draught which is

deserving of notice, and it bears also some relation to springs. We have said that

if springs are applied to carriages, they should be so constructed as to afford no
elasticity in the longitudinal direction. Such elasticity destroys the impetus
that may have been generated in the carriage, in the case of the wheels being

checked by any obstacle; and instead of that impetus being directed to the

carrying of the vehicle over the obstacle, the sudden shock allows the whole of

the momentum to expend itself in causing the suspended body of the carriage

to be swung forward, while the whole mass is nearly or altogether brought to

rest. This is, without doubt, true, both in theory and practice ; but the

theoretical part of it has been carried further than this, for we find a
clever writer asserting that not only should there be no elasticity longitu-

dinally between the wheels and the carriage, but it should also bo entirely

banished from between the wheels and the horse.* This is certainly not agree-

• Library of Uteful Knowledge—" The Horse," p. 445.
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able to practice
;
and, what is more, it is contrary to a well-known principle,

that impetus or momentum will enable a body to overcome obstacles, which it

could with difficulty accomplish if starting from a state of rest. A horse, there-

fore, at the first instant of his motion, having not yet acquired any momentum,
but moves simply with his initial force, will not have an effect upon the load on
a carriage equal to what he would acquire in the succeeding instant, when his

initial force has been multiplied by his velocity. We apprehend, therefore, that

there ought to be a distinction between that longitudinal elasticity that may
exist in a carriage betwixt the wheels and its body if suspended on springs,

and that betwixt the wheels and the animal of draught, or the power, whatever it

may be. Everyday experience teaches us this fact ; for who has not observed

that the draught-chains of a horse that have stood all the ordinary strains of

dragging the same loaded cart, plough, or machino, for days or weeks, when the

horse is allowed to take a step in advance before they have been brought to their

bearing, Bnap asunder; and what can have produced this fracture but some
power more intense than the chains have hitherto undergone—the increased

momentum of the horse ? Such being the case, there must bo some advantage

in having a degree of elasticity interposed between the shoulders of the horse

and the ultimate resistance—the wheels of the carriage. Independent of the

occasional advantages afforded to the horse for overcoming obstacles, such an
arrangement will yield much ease and comfort to the animal ; and fortunately,

too, nature has provided the means for this compensation, both in the animal

structure and in the physical condition attendant upon inert matter. Thus, in

the animal frame, those parts upon which the actions under consideration depend,

are more or less yielding and elastic ; and again, the substances that form the

media through which the force of the animal is applied, both from their inherent

nature and the external laws under which they act, necessarily partake of the

principle of elasticity. For example, if a chain is employed as a medium, its

gravity has a perpetual tendency to make it assume the catenarian curve, and the

change of form, from the curve towards the straight line, produces a beautifully

clastic spring. In the plough this is particularly the case, and it exists more
or less in even' arrangement of strain or draught, from the chain-cable of our

floating bulwarks, through the tow-line on the canal, the buffers, connecting-

links, and springs of the locomotive, down to the meanest office in which either

inert matter or animals of draught are employed as a medium of traction.

Where a less rigid material than iron is employed, such as hide, leather, hemp,
and other substances, though they partake less of the catenarian elasticity, from
their lower specific gravity, a compensation is afforded by their inherent elas-

ticity. We may here infer, that where nature has so largely provided a

principle which appears to be on all occasions advantageous, and conservative

of both living and inert matter, it were folly in us to attempt counteracting it,

and much more so when from i,ts abstraction we should earn nothing but dis-

advantages.

511. The inference to be drawn from the above remarks is, that instead of

endeavouring to render the yoke of a horse, or all that intervenes between his

shoulders and the cart-axle, as rigid as possible, we should, on the contrary, give

it elasticity, and by so doing we shall not only render the labour of the horse

more endurable, but we prevent innumerable accidents, by breakage, to the sub-

stances that are employed as the medium of draught—chains, traces, swing-trees,

and the like. The draught of ploughs will be treated of in the section on
Plough, Book Second.

512. In paragraph 477 we alluded to the dynamometer and the friction-brake :
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the dynamometer, useful to ascertain the relative strength of animals in dragging
instruments, as ploughs, carts ; and the friction-brake, to estimate the amount of

useful effect lost by friction in machines of revolution, as steam-engines, &c.

These apparatus we shall now describe.

513. The simplest form of dynamometer for ascertaining the draught of ploughs
is the ordinary spring-balance placed within a cylindrical case. The hook which
terminates the spring is attached to the Whipple or swing-tree, the other hook
at the end of the case being attached to the plough-bridle. The movement of a
pointer, or the extent to which the spring-lever is pulled out, shows the amount
of draught.

514. Another and usual form of spring dynamometer consists of an elliptical

spring, to the ends of which hooks can be attached to connect the spring to

the plough on the one hand and the whipple-trees on the other, thus making
it to form a link in the line of draught of the implement to be tested ; the

whole of the draught is thus transmitted to the spring, the force exerted upon
it altering its form, increasing its length, and causing the sides to collapse in

proportion to the strain.

515. In fig. 217 we illustrate a form of dynamometer on this principle, manu-

l-f-i 1 1
i 1 1 .W«a

factored by Messrs Slight, agricultural engineers, Leith Walk, Edinburgh.

Within the spring a a a circular brass box b b is placed, and attached to one side

of it by a single screw c. The opposite side of tho spring carries a stud d. To
this a light bar or connecting-rod e is jointed. This bar is connected with a

segmental rack /, the teeth of which take into those of a small pinion. This

pinion is fixed on a small axle, which carries the pointerg mounted in front of

the circular dial. This dial indicates a number of cwts. from 0 to 10. The

position of the pointer indicates the amount of compression which the spring has

sustained by the draught of the acting force and the resistance which it has to

overcome, and the force in cwts. which is applied to tho draught.

516. Fig. 217 contains first a front elevation of the instrument with its

pointer-index
;

secondly, a back view, with the cover removed, to show the

internal arrangement, and the connection c d between the sides of the spring
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Fls. 218.

and the segmental rack and pinion / ;
thirdly, a section tlirough the box and

spring
;
and, fourthly, one of the draught-hooks by wliich the spring is connected

with the plough and the moving force. The dial-plate is protected from injury

by a glass plate in front. For convenience, the instrument, with the necessary

pair of hooks to form the connection between the plough and the horse, are

packed in a small box. The price of the whole complete is £3, 15s.

517. In the form of dynamometer now described, the indications of the pointer

are read off by the eye, while the implement to which it is attached is at work.

This simple form of apparatus, we are inclined to think, indicates results in a
sufficiently precise and available way for the majority of practical purposes ; but
from the inequalities of land through which the plough has to pass during its

operation, and from the irregularities in the draught of the horses which work
it, considerable variation in the rapidity of motion of the pointer arises : this

changing irregularity from slow to quick, and vice versa, renders it a diffi-

cult matter in some cases to ascertain the points which it indicates. A
machine has therefore been desiderated by some authorities which would
accurately register the movements of its pointer ; these being marked off on
paper, which, after the trial, would afford data to strike an average of the indi-

cations. The most notable of dynamometers of this kind are those of Mr Bentall

of Heybridge, Essex, and of M. Morin of France.

518. In fig. 218 wo give a perspective sketch of a Danish dynamometer of
MM. Gamst and Lund, exhi-

bited at the Paris Exhibition

of 1855, and reported on very
favourably by the jury. In its

compactness and simplicity of
construction it contrasts favour-

ably with other self-recording

dynamometers which have been
introduced from time to time.

We are indebted for our illus-

tration and description to the

Journal d"Agriculture Pratique

of February the 20th, 1857. It

is constructed on the same
principle as Mr Bentall's—

a

coiled or helical spring being
employed, as the drawing, fig.

thrall a tt.r.H*uMi«HiN» m^hobhik. 218, indicates. This spring is

enclosed in a box or case a a; to this are attached the vertical standards b b,

carrying the wheels c c on which the apparatus runs. In the drawing, part of
the case is broken off, in order to show the disposition of the coiled spring d.

The hook e forms the extremity of the central bar, round which is coiled

the spring, and to the opposite end of this central bar tho extremity of the
last spiral of the spring is fixed, and the horses yoked by means of their swing-
trees. The hook c, riveted to the end of the box a a, serv es to connect the
bridle /of the plough—the draught of which has to be tested—to the dyna-
mometer. To the extremity of the axle of the right-hand wheel a small pulley
is keyed on, this carrying in its grooved periphery an endless bandy, which
passes over the upper pulley f, the periphery of which is similarly grooved.

This upper pulley t moves, through the medium of a pair of mitre or bevel
wheels, a sheet of white paper h, which is stretched between, and rolls upon,
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Kl*. "iff.

two cylinders placed parallel to each other. The right-hand wheel, in turning

as the macliine is dragged over the ground, turns the pulleys, and causes the

paper, through the medium of the bevel-wheels and cylinders, to move in a line

at right angles to tho length of the machine. A pencil g, fixed on a bar which
is attached to the last spiral of tho spring d, is placed in contact with the

paper ; and as it is caused to move to and fro by tho irregular action of the

draught in a line at right angles to the direction of motion of the sheet of paper,

the result of the two motions is a curved or irregular line drawn upon the paper,

the undulations of which are proportioned to the tractional efforts of the horse.

519. The dynamometers above described are applicable only to cases where
tho draught is applied in a direct line. To ascertain

the power in prime movers, as steam - engines, or

maclunes of revolution, the friction-brake is used

;

the object of which is to convert all tho work per-

formed by the machine into friction, and then to

measure that friction. A very simple form of friction-

brake is illustrated in fig. 219, where a a is a pulley

keyed on the main shaft of tho engine or machine.

The periphery of this must be turned perfectly smooth
and true. An iron hoop b b is placed over the pulley,

one end of which is fastened to the bar c, passing

through the block d ; this bar can be lowered by the

nut/acting on its screwed extremity. The other end
of the hoop is fastened by its hook to tho ring of the

spring-balance e, firmly connected to the block d. Tho
hoop b is brought in close contact with the pulley by
tightening the nut /, and the macliine is made to

work at its usual speed. By this arrangement the

power is absorbed by the friction between the pulley I

and hoop, which in time checks the machine. The
hoop acts on the spring, pulling out the bar and in-

dicating a certain weight, which represents the resistance to the working of the

machine. If we multiply the weight in pounds thus indicated, by tho circum-

ferential velocity of the pulley b 6, dividing the quotient by 33,000, the amount
of labour in horso power performed by the machine at the time of registration is

obtained. This brake gives only approximative results, but is sufficiently

useful for ordinary purposes. Weights may be placed in a dish—as shown
by the dotted lines—as a substitute for the spring-balance.

520. A more perfect kind of friction-brake is that known as Prony's, which acts

on the principle of tho lever. A pulley is provided, cast in two halves ; these

are made to embrace the shaft of tho engine or macliine to be tested, and are

united by bolts and nuts. Two iron jaws embrace the periphery of the pulley,

and are tightened down by screws. The lower jaw is lengthened to form a
lever; at the extremity of this lever a dish containing weights is suspended.
In using this apparatus to test the power of a machine, weights corresponding
to this power are put into the scale ; theso weights, acting tlirough the medium
of the lever, producing a pressure equal to the power. The weight of the lever,

from its extremity to the centre of the pulley on the shaft, including the weight
of the dish in which the weights are to bo suspended, must be ascertained.

Having fixed the apparatus, and put weights into the dish so as to bring down
the lever to some distance below the horizontal line, the machine is started

with a gradually increasing velocity. When the machine is going at its proper
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rate, and the lever raised a little above the horizontal line, or rather balanced

properly, the weight represents the amount of its power. Should the lever bo
raised too much above the balance-level, more weight should be added to the

dish: should, on the contrary, the lever fall below the balance-level, the

machine is short of the power required to raise it, and some of the weight must
be taken out of the dish. The weight which is thus found to balance the

ordinary working power of the machine enters into the calculation for ascer-

taining its power of working effect. The following is the rule, premising that,

before using the brake, the apparatus is arranged so as to balance when sus-

pended on its centre of gravity ; this balancing will obviate the necessity of

making the weight of the lever and its accompanying dish enter into the calcu-

lation of the circle :
" Multiply the circumference described by the end of the

lever by the number of revolutions of the shaft per minute, and by the weight
in the scale, and divide the product by 33,000, and the quotient will be the

actual force of the machine in horse-power."

521. In fig. 220 we illustrate the form ofdynamometer used at the trial of the

steam-engines at the Royal Agricultural Society of
England's meetings : a a the base, b the upright or

pedestal which supports the shaft of the pulley c c, with
which the driving-belt of the engine to be tested is placed.

On the same shaft a large friction-wheel d d is keyed,

rf provided with a strap and friction-blocks tt\ the rod/
carries a dish g, in which the weights are placed to test

the power ; the strap and blocks are tightened up by the

screw h. For the mode of ascertaining the results, and

k of using the data thus obtained, see the section on Steam-
Engines, Book Second. We are indebted for this illustra-

tion to Mr Waller's paper, there alluded to.

522. The dynamometer invented by Mr Amos, Consulting Engineer to the

Royal Agricultural Society of England, possesses many ingenious arrangements.

It has been instrumental in detecting many defects in the working of our farm

machines. It indicates with remarkable precision the force exerted by a
machine in the performance of a given

amount of work, and also registers the

number of revolutions it makes dur-

ing the timo it is at work. Fig.

221 will illustrate the principle on
which this dynamometer operates.

Lot a represent the shaft of the ma-
chine— as a chaff-cutter— the force

required to work which, it is desirous

to estimate. To the extremity of this

shaft a pulley or arm b is keyed ; the

band or belt c of this is made to pass

over the pulley d of the dynamo-
meter, which is brought close up to

the machine to be tested. The end

/ of the shaft e on which the pulley d is keyed is passed into an oblong
slot or mortise, forming part of a lever /. This slot is of such dimen-
sions as to allow the end / of the shaft e to have a certain amount of tra-

verse or play in a vertical direction. The lever / has its centre of vibration

in the shaft m, and is continued backward, and terminated by a weight k. The

ornuMMBM

Fig.

- f 1

«

0

Digitized by Google



AMOS'S DYNAMOMETER 143

weight it is go adjusted tlmt when the machine is at rest the lever / and the

wheel g arc balanced so that the end of the shaft e rests unsupported in, or is

balanced in, the slot in the lever /. Near the end of tho shaft m a spur-wheel h

is keyed, the teeth of which take into those of the spur-wheel g of the same size

and pitch, keyed on to the shaft e. To the extremity of the shaft m a fly-wheel

I is fixed, provided with a handle o, by which it is turned, the radius of the lever-

age i o being equal to tho radius of the pulley rf, or of b. By this arrangement the

force required to turn the pulley b of tho machine under trial is transferred to or

must be overcome by a force applied to the lever o of the wheel i o, this force

being measured as follows : After the connection is made between the machine to

be tested and the dynamometer by the band c, the power is applied to the handle o :

the tendency of the resistance of tho machine under trial is to prevent tho

wheel g from revolving, and to cause the power of the wheel i, acting through

the wheel A, to lift g up, raising its shaft in the slot of the lever; and lifting the

extremity n of the lever /. As the power is continued to be applied to the handle

o, weights are suspended at n until the two wheels h and g begin to revolve, the

weights at the same time pressing the end/ of the shaft e down in the mortise or

slot of tho lever /. The weights thus obtained, therefore, at the extremity of the

lever /, multiplied by the power they exert on tho lever, is the measure of the

force required to overcome the resistance of the machine under trial. The num-
ber of revolutions which the machine makes during a given time is registered

by a pendulum acting on a counter attached to the framing of the dynamometer.
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BOOK SECOND.-PRACTICE.

ON THE PRACTICAL CONSTRUCTION, PROPERTIES, AND USES OP FARM
IMPLEMENTS AND MACHINES.

523. Before engaging in the practical department of our work, it is proper to

make the reader acquainted with the general arrangement of the subjects which

we have adopted, and which arrangement must partake in a great measure of

an arbitrary character, as also with the various subjects to each of which we
shall have to direct his special attention.

524. On taking an extended survey of all the implements and machines of

the farm that have ever existed, they may be viewed under these three

aspects : first. Those which have been used, and have become obsolete

;

secondly, Those which exist, but are not used
;
and, thirdly. Those which exist,

and are used.

525. It were obviously a self-imposition of a useless task to trouble ourselves

with a description of implements and machines which for a time had been

used, but had been abandoned, on account of their own unworthiness, as soon

as better had appeared. It would be equally futile to notice those which may
once have attracted considerable attention by the novelty of their construction

or great pretensions, but are now seldom used or even heard of, although they

may still be found in the implemental store of some farmsteads. During the

last fifteen or twenty years both these descriptions of implements and machines

iiave been presented to the notice of the farmer in great profusion, and

have induced him to expend large sums on their purchase. There remain

only those implements and machines in actual use to demand our attention,

and upon which we shall now bestow our regards in the second department of

our work.

526. While thus our review of the implements and machines of the farm must

be restricted to those aotually in use, the best mode of treating each of them

demands our most serious consideration. Must every one in use be figured and

described ? If that were so, their description would occupy so bulky a volume

as to become repulsive to every one who desired to purchase it. But a volumin-

ous description is not necessary. Some classes of machines—as the turnip-

sowing machines, for example—are so multifarious in construction, and unne-

cessarily so, that the repetition of their description would become inevitably

tiresome. Nor is it to be proposed that every implement and machine in use is

to pass in review before the reader, as if under a critical examination of its

construction ; for beside the arrogance of such a proceeding, it would be very

unfair to implement-makers to institute what could not but be deemed an

invidious comparison betwixt their respective manufactures. Enough for us
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to accomplish, if we accomplish it well, is the indication of those machines of

each class which combine in their construction the principles which have been
enunciated in the former part of this work, with that mechanical skill which
evinces an intimate knowledge of the strength and properties of the materials

employed, so that the use of such machines may produce the largest amount of

good work with the least expenditure of power.

527. To accomplish even this restricted task with the degree of explicit-

ness required, will necessarily occupy a considerable space ; and we believe,

moreover, that such a task should only be undertaken by a combination of mind,

and not by any single individual ; for a knowledge of general mechanical prin-

ciples, a facility of mechanical representation, an aptitude of mechanical descrip-

tion, and a practical experience of the use of implements and machines at work,

are all requisite in order to place even the. simplest of them in a vivid picture

before the reader.

528. Numerous as are the implements and machines brought into operation

by the requirements of modern husbandry, and varying greatly as they do in

their characteristics of arrangement and construction, they may nevertheless be
classed under two great divisions—1. Implements and machines connected with
the cultivation of the soil

;
and, 2. Implements and machines connected with the

products of the soil; and these divisions may be subdivided into as many
sections as there are various classes of implements and machines suited to the
different operations of the farm, conducted in each of the seasons of the year.

To those two great divisions others may be added, so as to comprise all the

mechanism which aids the farmer in carrying out his important avocations,

and which are the moving powers of the farm, and the convenient arrangement
of the machines in the steading.

529. The arrangement of the subject* will therefore be as follows :

—

530. Division First.—Implements and Machines connected with the Cul-
tivation op the Soil.

531. Section First.—Ploughs, including steam-ploughs, trench and subsoil

ploughs.

532. Section Second.—Grubbers, scarifiers, cultivators.

533. Section Third.—Harrows, clod-crushers, weed-extirpators, rollers.

534. Sectum Fourth.—Horse-hoes, scufflers.

535. Section Fifth.—Sowing-drills, manure-distributors.

536. Section Sixth.—Manual implements connected -with the above sections,

as draining tools, &c.

537. Division Second.—Implements and Machines connected with the
Products of the Soil.

538. Section First.—Haymaking machines.

539. Section Second.'—'Corn-reaping machines.

540. Section Third.—Barn machines, including thrashing-machines, fixed and
portable; winnowing-machines, hummellere, corn-cleaning machines,

corn-weighing machines.

541. Section Fourth.—Carts, waggons.
542. Section Fifth.—Chaff-cutters, hay-knives.

543. Section Sixth.—Tuniip-slicers, root-pulpera.

544. Section Seventh.—Corn-bruisers, corn-mill, linseed-mill, oilcake-breaker.

545. Section Eighth.—Boiling and steaming apparatus.

546. Section Ninth.—Dairy machines, cheese-presses.

547. Section Tenth.—Manual implements connected with the above sections,

as forks, graips, shovels, barn implements, dairy utensils.
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548. Section Eleventh.—Machines not directly connected with any of the

above sections, but useful on the farm.

549. Division Thibd.—Moving Powers of the Farm.
550. Section First.—Horse-power, horse-wheel.

551. Section Second.—Water-power, water-wheels, turbines.

552. Section Third.—Steam-power
;
steam-engines, fixed and locomotive.

553. Section Fourth.—Wind-power.

554. Division Fourth.—Arrangement of Machines in the Steading.

555. Section First.—Arrangement of machines in the ground-floor.

556. Section Second.—Arrangement of machines in the upper floor.

557. Section Third.—Arrangement of small machines with the moving power.

DIVISION FIRST.—DMPLEMENTS AND MACHINES CONNECTED WITH
THE CULTIVATION OF THE SODL.

558. 8ection First—The Plough.—The present age is perhaps the most
remarkable that time has produced, for the perfection of almost every kind of

machine or tool required in the various departments of art and of manu-
factures. In that most important of all arts— the production of the raw
material of human food—something like a corresponding progress has been
effected in its machinery and tools, though certainly not to the same degree

of perfection as those employed in most of our manufactures, whether they
be from the animal, vegetable, metallic, or mineral productions. Various

causes exist to prevent, or at least retard, an equal degree of perfection being
arrived at in agricultural machinery, amongst which may be noticed one
pervading circumstance, that affects more or less almost every machine or

implement employed. This circumstance is, that all the important operations

of the farm are performed in seasons occupying comparatively short periods of

time ; and should the artisan be endeavouring to produce any new or important

machine, he can only make trial of it in the proper season. The imperfection

of human perception is too well known to leave us in surprise at the first attempt
of any improvement turning out more or less a failure. The artisan, therefore,

will in all probability find that his project requires amendment ; and before that

can be effected, the season is past in which a second trial could be made
;
and,

consequently, it must be postponed for a year, in the course of which many
circumstances may occur to cause its being forgotten or abandoned. Impedi-

ments of this kind do not occur to the inventor or improver of manufacturing

machinery, where constant daily opportunities occur to test the successive steps

of his invention.

559. One other general cause, and of another kind, exists, to supersede

the necessity, or even the propriety, of employing machinery of such high

and delicate finish as we see in the machines of all in-door manufactures

:

this is, the irregularity of the media on which agricultural machinery is em-
ployed, and the numerous changes produced on these media—the soils and pro-

duce—by vicissitudes of weather and other causes, which not only affect the

operation, but also the existence of many of these machines. From this cause,

with its train of incidents, it may be inferred that agricultural machinery and
tools must of necessity be of simple construction, which shall embrace nothing

but the essentials of usefulness ; that they have sufficient strength for their

intended purpose, and free of any undue weight ; that there should be no redun-
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dancy nor misapplication of materials ; that all materials employed should be

of the best quality, and the workmanship plain and sound—which properties,

it must be admitted, are of greater importance to agricultural machinery in

general, than the minute delicacy of construction and finish observable in

many of those almost intellectual tools employed in some of the other arts and
manufactures.

560. Although, therefore, agricultural machines in general do not require a
high mechanical finish, yet there are amongst them those which are based on
principles implying a knowledge and application of science, as well as mechan-
ical skill in their construction ; and in tins class is to be ranked the Plough,

which, in one word, is as yet the most important of all agricultural machines.

561. To the plough, then, our attention is first to be directed, not only as

standing at the head of all its fellows in the ranks of the machinery of the farm,

but as being the first implement to which the attention of the farmer is called,

in the commencement of his agricultural year—the Winter season.

562. Before entering upon the details of the implement as it now appears, it

may be interesting to take a short retrospective view of its history. With the

earliest stages of human industry, the tillage of the ground in some shape must
be considered as coeval ; and in those early attempts, some implement analogous

to a plough must have been resorted to. In all ancient figures and descriptions

of that implement, its extreme simplicity is to be remarked ; and this is but a
natural result ; but with the progress of human intellect is to be also observed

deviations from the original simplicity, and an increase in the number of its

parts, with a corresponding complexity in its structure. The Roman ploughs,

imperfectly as they are described by different Roman authors, are an example of

this. And as an example of apparently very remote origin, the caschrom, or

plough, used even at this day in some parts of the Outer Hebrides and Isle of

of Skye, in Scotland,

forms a very curious

and interesting anti-

quarian relic of the

ancient Celtic habits.

It is formed, as in fig.

222, of one piece of

wood, selected from its

possessing the natural

bend at a, that admits

of the head a b as-

suming a nearly hori-
ts.ca.chkc* zontal position, when

the handle c is laid upon the shoulder of the person who wields the implement.

A simple wedge-shaped share b d is fitted to the fore part of the sole. A wooden
peg e is inserted in the side of the heel, which completes the implement. On
this last member the foot of the operator is applied, to push the instrument into

the ground. It is of course worked by the hand alone, and makes simply a rut

in the ground. Yet even in this rude implement are to be traced the rudiments

of the plough.

563. As the cultivation of the soil became more and more an object of

industry, corresponding improvements naturally followed in the implements by
which such operations were performed. But in Britain, previous to the beginning

of the last century, the plough appears to have continued in a very uncouth

state. About that period, agriculture seems to have become more an object of
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improvement. Draining began to bo studied, and its effects appreciated. The
amelioration of the soil produced by draining would soon call for better modes
of dressing such improved soils ; hence still further improvements in the plough

would come into request. In accordance with this, we find the introduction of

an improved plough into the northern counties of England under the name of

the Dutch, or Rotherham plough. This appears to be the foundation of all the

modem improvements, and from the circumstance of engineers and mechanics
having been brought from Holland to conduct the draining of the English fens,

there is good reason to conclude that the Rotherham plough was originally an
importation from Holland, in a similar manner as the barley-mill was, at a
later period, borrowed from that country. About the middle of the past century,

the Rotherham plough appears to have been partially introduced into Scotland
;

batuntilJame8 Small took up the subject, and, by his judicious improvements,

gave a decided character to the plough, little or no progress had been made
with it

564. Small appears to have been the first who gave to the mould-board and
the share a form that could be partially imitated by others, whereby, following

his instructions, mould-boards might be multiplied, each possessing the particu-

lar form which ho had directed to be given to them. It is to be observed, that

when Small first taught the method of construction, mould-boards were really

boards of wood, and, for their defence, were covered with plates of iron. The
method of construction being not very clearly defined, and mould-boards being
necessarily constructed by many different hands, the improved plan, it may be
easily conceived, must have been liable to failure in practice. It was there-

fore one of those happy coincidences which now and then occur for the benefit

of mankind, that the founding of cast-iron was then beginning to become general.

The fortunate circumstance was seized. Mould-boards, together with the head
or sheath, and the sole and land-side plates, were made of cast-iron ; and a
model or pattern of these parts having been once formed, any number of dupli-

cates could be obtained, each possessing every quality, in point of form, as per-

fectly as the original model. The plough, thus in a great measure placed

beyond the power of uninformed mechanics to maltreat, came rapidly and
deservedly into public esteem, under the name of Small's plough. Though
originally produced in Berwickshire, the plough that seems to retain the prin-

cipal feature of Small's improvements—the mould-board—is now found chiefly

in East-Lothian, and differs very sensibly from that now generally used in

Berwickshire.

565. Other writers, about the same period, published methods for constructing

a mould-board on just principles. Amongst these, the method proposed by
Bailey of Chillingham may be mentioned as approaching very near to the tme
theoretical form. Others less perfect have been proposed, which it is not neces-

sary to notice ; while several have published general descriptions of their con-

struction of the plough, but have withheld the principles upon which their

mould-boards are formed.

566. While these improvements of the past century were going on, the plough
was universally constructed with wooden framing ; but about the beginning of

the present century (the precise year cannot now bo well defined), malleable

iron began to be employed in their fabrication. The application of this material

in the construction of ploughs camo with so much propriety, that it is now, in

Scotland, almost universal. It has many advantages ; but the most prominent
are its great durability under any exposure, and its better adaptation to with-

stand the shocks to whioh the implement is frequently liable in tho course of
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working. In a national point of view, it is also deserving of the most extended

application, being from a produce—iron—for which Britain stands unrivalled.

567. This period also was productive of an innovation on the form of mould-

board and share which had been established by Small. The mould-boards hitherto

referred to came under the denomination of concave, or, more properly, straight-

lined ; when Wilkie, of Uddingstone, near Glasgow, introduced his new form with

convex lines, and which has been adopted in various distriots in Scotland, to the

exclusion of the concave form.

568. These two forms—the concave and convex—have undergone numerous
slight changes, forming sub-varieties, but retaining the respective leading

features of the concave and convex mould-boards ; and as they have each

spread (especially the first) over a wide extent of oountry, they may be distin-

guished by the county in which they are chiefly employed. Thus, the Small's

plough is used in East-Lothian, and Wilkie's in Lanarkshire.

569. Before entering upon the detailed description, it will be useful to the

reader to give the nomenclature employed in this work of the various parts of the

plough, that there may be no misunderstanding of the descriptions which are

to follow. Thus, fig. 223, which is a view of a plough in perspective, presents

& vnw or tub laxc -nit)* or * noi oil.

that which ploughmen and agricultural mechanics denominate the land-side—so

called, because when in work it is always (except in the case of turn-wrest or

right-and-left ploughs) in contact with the firm or unploughed land. The
opposite, or right side of the plough, being that which turns over the furrow-

slice cut from the firm land, is called the furrow-side. That member of the

plough to which the animals of draught are yoked, marked a in the figure, is the

beam. Those parts by which the ploughman holds and guides the implement
are called the stilts or handles, b being the great stilt or left handle, and c the

little stilt or right handle; d is the muzzle or bridle by which the horses are

attached to the beam
;

e, the coulter, is a cutting instrument that severs the
slice from the firm land, and / the sock or share which cuts the slice below
from the subsoil

; g is called the wrest or mould-board. It is probable that the
term wrest applied formerly to only a particular portion of the mould-board

—

the lower portion in the more ancient plough—which was supposed to wrest or
turn aside the slice after being cut by the share ; thus we find in the Kent turn-

wrest plough that the wrest is a simple straight bar of wood. The mould-board,

in the improved implement, receives the slice from the share, turns it gradually

over, and deposits it continuously at the proper angle : h is the sole-shoe on
which the plough has its principal support, and on which it moves, and
* is the land - side plate, only serving to complete the sheathing of the
land-side, presenting a uniform smooth surface to the firm land, and pre-

venting the crumbled earth from falling within the body of the plough.
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These last parte cover the body-frame from view, which will be exhibited

amongst the details.

570. The East-Lothian Plough, figs. 1 and 2, Plate I.—In this plough the

proper lines of the body on the land-side lie all in one plane, which, in working,

should be held in the vertical position, or very slightly inclining to the left.

The coulter slightly oblique to the land-aide plane, the point standing towards

the left, the rake of the coulter varies from 55° to 65°. In the mould-board the

vertical sectional lines approximate to straight lines, giving the character of

apparent concavity, and it is truncated forward. Share pointed, with a feather

or cutter standing to the right, having a breadth of at least § the breadth of the

furrow, the cutting edge of the feather lying nearly as low as the plane of the

sole. The neck of the share is prolonged backward, joining and coinciding

with the curve of the mould-board, which curvature is also carried forward on

the back of the feather. The oharaoter of this plough is to take a furrow of

10 inches in breadth by 7 inches in depth, cut rectangular, leaving the sole

of the open furrow level and clean. The resistance to the draught is generally

below the average of ploughs, and this plough is employed for every kind

of soil.

571. Lanarkshire Plough.—The character of this plough is to take a furrow

whose section is a trapezoid, its breadth from 7^ to 9 inches, and greatest

depth 6^ inches, the sole of the furrow being not level, and deepest at the

land-side. In the finished ploughing, the laid-up furrow-slices have the acute

angle upward, giving the character which may be called high-crested to the

furrow-slice, especially observable in ploughing lea. Resistance to the draught

about the average, and it is considered to be well adapted to stiff clay, and
to lea-land.

572. Before entering upon the specific details of the two varieties into which
the modern Scotch ploughs are here divided, it will be necessary to lag down
certain data, on which the details of each varietg will he hosed. For this purpose
the figure in elevation, fig. 1, Plate I., is supposed to stand upon a level plane,

the heel and point of the share touching that plane, they being actually the

points on which the plough is supported when in motion, and which plane is

called the base line. The fore-part of the land-side of the plough's body—
standing in the vertical position, as seen in plan in fig 2, Plato I.—is supposed
to be placed upon a similar line, touching the land-side of the sole-shoe and the

point of the share. The base-line is divided into a scale of feet for the con-

venience of comparison. The zero of the scale is taken at that part of the

plough's body, where a vertical transverse section, at right angles to the plane

of the land-side, will fall upon a point on the surface of the mould-board, which
shall be distant from the land-side plane by a space equal to the greatest

breadth of the furrow taken by the respective ploughs ; the height of this point

above the base line being also equal to the breadth of the slice. Or, the zero

is that vertical section of the mould-board, which, in its progress under the

shoe, will just place the latter in the vertical position. The scale, by tins

arrangement, counts right and left of the zero. The dotted line marked surface-

line in fig. 1, Plate I., represents the depth of the furrow taken by the respec-

tive ploughs.

573. This zero point has not been fixed on without much consideration
;

for,

having experienced the inconvenience of vague generalities in stating the

dimensions of the plough, as given in works on the subject, it has appeared to

to desirable that some fixed point should be adopted, and this has been chosen
*a less liable to change than any other point in the longitude of the plough ; all
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other points of this implement being liable to and may be changed at pleasure,

without change of effect. Thus the beam or the handles may be lengthened or

shortened, the position of the coulter and the length of the sole may be varied,

the mould-board itself may be lengthened or shortened forward without pro-

ducing any decided change in the working character of the plough, the apparent

changes being easily counteracted by a corresponding change in a different

direction. The lengthening of the beam, for example, would only require a
corresponding change in the height of its extremity above the base line ; an
alteration in the length of the share, or in the position of the coulter-box, induces

only a corresponding change in the angle which the coulter forms with the base

line, which angle, in any case, is liable to change from the wearing of the irons

themselves, but wliich can be rectified aa required by shifting the draught-bolt

in the bridle. The zero point here proposed can, with tolerable exactness, be
determined in any plough with the instruments that every mechanic has in his

hands, squares and a foot-rule.

574. It may be well, also, to premise further, in regard to the contour in

elevation of the different ploughs, that although the heights at the different

points throughout the beam and handles are given in detail, as adopted by the

best makers, which those unacquainted with the implements may follow with

confidence, in the construction of implements of the same character, yet we
cannot pass over the circumstance without noticing, that, with the exception of

one point—the height of the beam at the draught-bolt—any part of the contour

may be altered to the taste of the maker, and even the point of the beam, aa

already noticed, may be altered, provided the alteration is continued backward
or forward in a certain angle. The change in position in the vertical direction

of three other points is limited within a certain range, not from principle, how-
ever, but for convenience. These point* are the height of the beam at the coulter-

box and at the breast-line of the mould-board ; these cannot be brought lower

than the given dimensions without subjecting the plough to an unnecessary

tendency, to choke in foul ground, though they may be raised higher without

injury, provided the corresponding parts—the mould-board and body-frame

—

are altered in proportion. The third point hero alluded to is the height of the

handles, which is altogether a point of convenience ; but it may be affirmed of

this, that it is better to be low than high, since being low places the plough more
under the command ofthe ploughman. The different points, as given in the plan,

being more matters of principle, with the exception of the position of the handles,

cannot be deviated from without compromising the character of the plough.

575. Details ofthe East-Lothian Plough.—Fig. 1, Plate I., represents an elevation

of this plough, on the furrow side, drawn to a scale of 1 inch to 1 foot, and fig. 2
a horizontal plan of the same. The letters of reference apply alike to both eleva-

tion and plan. The plough is found with various shades of difference, but not
to the extent or of such a marked character as to require separate description

from wliat follows. The beam and handles or stilts are almost invariablv made of

malleable iron, the body-frame being of cast-iron, the latter varying slightly with
different makers. In its construction the beam and left handle are usually

finished in one continued bar ABC, possessing the varied curvature exhibited

in fig. 1, as viewed in elevation. When viewed in plan, as in fig. 2, the axis or

central line of the beam and left handle are in a straight line—though in this

arrangement there are some slight deviations among the different makers—the

point of the beam being in some cases turned more or less to the right or furrow

side, and this is found to vary from £ inch to 2 inches from the plane of the

land-side.
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576. The right handle, DE, is formed in a separate bar, and is attached to

the body-frame at its fore end by a bolt, as will be shown in detail, and further

connected to the left handle by the bolts FFF, and the stays GG.
577. The coulter I is fixed in its box K by means of iron wedges, holding

it in the proper position. Its office l)eing that of a cutting instrument, it is

constructed with a sharp edge, and is set at an angle of from 55° to 65° with

the base-line.

578. The mould-board L, which is fixed upon the body-frame, and to the

right handle, is a curved plate of cast-iron, adapted for turning over the furrow-

slice. Its fore-edge or breast MN coincides with the land-side of the plough's

body; its lower edge T behind stands from 9£ inches to 10 inches distant from

the plane of the land-side, while its upper edge P spreads out to a distance of 19

inches from B, the land-side piano. In this plough the mould-board is trun-

cated in the fore part, and is mot by the gorge or neck of the share, the junc-

tion being at the line N.

579. The share or sock NR is fitted upon a prolongation of the sole-bar of

the body-frame, termed the head, and falls into the curves of the mould-board,

of which its surface forms a continuation.

580. The bridle C, or muzzle, as sometimes named, is that part to which the

draught is applied, and is attached to the point of the beam by two bolts, the

one S being permanent, upon which the bridle turns vertically. The other bolt

U is movable, for the purpose of varying the earthing of the plough ; the landing

being varied by shifting the draught-bolt and shackle V to right or left. The
right and left handles are furnished at A and D with wooden helves fitted into

the sockets of the handles.

581. The general dimensions of the plough may be stated thus, as measured

on the base-lino. From the zero-point 0, fig. 1, to the extremity of the heel T,

the distance is 4 inches, and from 0 forward to the point of the share R the dis-

tance is 32 inches, giving as the entire length of the sole 3 feet. Again, from O
backward to the extremity of the handles A is 6 feet 2 inches, and forward to

the draught-bolt V 4 feet 7 inches, making the entire length of the plough on

the base-line 10 feet 9 inches
;
but, following the sinuosities of the beam and

handle, the entire length from A to C is about 1 1 feet 3 inches.

582. In reference to the body of the plough, the centre of the coulter-box K
is 14£ inches, and the top of the breast-curve M 9 inches before the zero-point,

both as measured on the base-line ; but following the rise of the beam, the dis-

tance from M to the middle of the coulter-box will be 7 inches.

583. The heights at the different points above the base-line are marked on

the figure in elevation, along the upper edge of the beam and handle ; but the

chief points in height are repeated here, the whole of them being measured

from the base-line to the upper edge of the beam and handles at the respective

points. At the left handle A the height is 3 feet, at the right handle D 2 feet

9 inches ; and a like difference in height of the two is prenervod till the right

handle approaches the body at the middle stretcher F ; from thence the differ-

ence increases till it reaches the body. The height at the point of the beam is 1

8

inches, and the centre of the draught-bolt V, at a medium, 17 inches. The lower

edge of the mould-board behind, of this plough, at T is usually set about £ inch

above the base-line, and at the junction with the share about the same height.

584. The dimensions in breadth, from the land-side line, embrace the obli-

quity that is given to the direction of the beam and handles, compared with the

land-side plane of the body taken at the sole. The amount of obliquity, as

exhibited by the dotted line AC, fig. 2, which coincides with the land-side plane
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of the body, is, that the axis of the beam at the extremity C stands 1\ inches to

the right, and at the opposite end the left handle A stands about 2 inches to the
left of the line. These points may, however, be varied slightly from the dimen-
sions here given. In the point of the beam, the variation is found, in the prac-

tice of different makers, to range from 1 to 2 inches. In the opinion of some
writers and practical men, it is held that the beam should be parallel with the
land-side plane of the body. With all deference to such opinions, we apprehend
that the direction of the line of draught, in a vertical plane, cannot coincide with
the plane of the land-side ; for the point of resistance in the plough's body can-
not fall in that plane, but will pass through some point to the right of it, and
which, from the nature of the subject, cannot be very precisely defined. Both
reason and experience, however, point this out to the plough-maker, and espe-

cially to the observant ploughman. Hence, also, may be remarked, from the
instructions laid down by Small* for the formation of the beam, which, in his

time, was made of wood, that the land-side of the beam should lie in the plane

of the land-side of the body, and as he directed the beam to be 2^ inches in

breadth at that point, its axis must have been \\ inches to the right of the land-

side plane ; and in all cases, it must be admitted that the resultant of the effect

will lie in the axis of the point, provided the draught-bolt is placed in that line.

But, for very sufficient practical reasons, the draught-bolt has a range from right

to left, by winch the effects of variation of soil and other causes can be rectified

at pleasure.

585. A similar difference of opinion has prevailed in regard to the position

of the handles, in referenoe to the land-side plane. In the plough now under
review, the left handle deviates only 2 inches from the line, whereas another

variety has the handle 7 inches to the left of the line ; and this deviation has
been advocated on the principle of allowing the ploughman to walk right in the

middle between the handles, his right and left arms being equally extended/f*

Now we would again submit, whether the man who walks with his arms equally

extended, and his body equally distant from either handle, or he who is com-
pelled to have one handle always near liis body, whereby he can, on any emer-

gency, bring his body instantaneously in contact with the hand, or that which
it grasps,—which of these men will have the greatest command over the instru-

ment he guides ? Little consideration, we imagine, will be necessary to satisfy

the inquirer that the latter will have the advantage.

586. The dimensions of the parts of the framework of the plough are : The
beam, at its junction with the mould-board at M, is from 2£ to 2j inches in

depth, by 1 inch in breadth, the same strength being preserved onward to the

coulter-box K. From the last point a diminution in breadth and depth begins,

which is carried on to the extremity C, where the beam has a depth of 1| inch,

and a breadth of ^ to $ inch.

587. The coidter-box is formed by piercing an oblong mortise through the bar,

which has been previously forged with a protuberance at this place, on each side

and on the upper edge ; the mortise is 2£ by f inches, and the depth H inches.

588. From the junction with the mould-board at M backward, the beam
decreases gradually till, at the hind palm of the body at B, it is 2 inches in

depth and £ inch in breadtlu, where it merges in the left handle A. This last

member retains a nearly uniform size throughout of 2 inches by f inch. The
right handle D is somewhat lighter, being usually l£ inches by § inch, and both

terminate in welded sockets, winch receive wooden helves, of 6 or 8 inches in

* Small's Treatite on Plovyl*. t Wilicib iu Farmer 4 Magazine, vol. xii. p. 342.
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length. The stretchers FFF, which support and retain the handles at their

due distance apart, are in length suited to their positions in the handles, and

their thickness is about J inch diameter, tapering towards the ends, where they

terminate in a collar and tail-bolt, with screwed nut. The upper stretcher has

also a semicircular stay riveted to its middle, the tails of the stays GG termi-

nating like the stretcher with screwed tails and nuts.

589. Having given the general dimensions and outline description of this

plough, there remains to be described the details of the body-frame and it*

sheathing, ail thefigures of which are on a scale of 1^ inches to 1 foot.

590. The Body-frame.—The different views of the body-frame are exhibited

in the annexed cuts, figs. 224 and 225, wherein the same letters refer to the

Kit; 223.

Kip. 2s«.

iei i ktails or TBf bout-frame or th» »a<i:io:iiii* rscrna

corresponding parts in the different figures. Fig. 224 is an elevation of the

furrow side
;

fig. 225, a plan of the sole-bar of the frame inverted

;

and a vertical section, on the hue x x, is given in fig. 226. In all

the figures, then, a a is the sole-bar, with two arms b c extending

upward, and having at the lower edge a flange d running along

the right-hand side. Each of the arms b c terminates in a palm <?,f
by which it is bolted to the beam. The arm c is furnished, besides,

with an oblique palm or ear g, upon which the fore edge of the

mould-board rests, and to which it is bolted. The sole-bar a, with

its flange, terminates forward in the head A, which is here made to

form the commencement of the twist of the mould-board, and upon
which the share is fitted, reaching to the dotted line i t, fig. 224.

The fore edge k i I of the frame is worked into the curve

answering to the oblique section of the fore edge or breast of the

mould-board, and serves as a support to the latter throughout their

junction. The curvature given to the arm b is unimportant to

the action of the plough, but the general oblique direction here

given to it is well adapted to withstand the thrust constantly

exerted in that direction when the plough is at work. In fig 225, the

a WRT1CAI Jic-

TICK or 1 MB
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sloping edge d m represents the enlargement of the sole-bar, on which the share

is fitted, and where the lower part of the fore edge of the mould-board rests.

The depressed portion m n is that which is embraced by the flange of the share.

In the frame, fig. 224, o is the lower extremity of the right handle, broken off at

o, to show the manner in which it is joined to the sole-flange of the frame by the

bolt/?. The bolt-holes q, q are those by which the beam is secured to the palms
of the frame

;
r, r are those by which the land-side plate is attached ; and *, s

those of the sole-shoe, / being that which secures the mould-board to the ear,

and u that which receives the lower stretcher of the handles. (See fig. 2, Plate

I., at F and 0.) The letter v marks the second bolt-hole of the mould-board,

while its third fixture is effected upon the right handle by the intervention of a
bracket, or of a bolt and socket, as seen at 0, fig. 2, Plate I. The dotted lines

u>, w mark the position of the beam when attached to the body, the beam being
received into the seats formed on the land-side of the palms e, f, as seen more
distinctly at «?, in fig. 226.

591. The body-frame being an important member of the implement, regard
is paid to having it as light as may be consistent with a due degree of strength

;

hence, in the different parts, breadth has been given them in the direction of the
strain, while the thickness is studiously attenuated in such places as can be
reduced with safety. The least breadth of the sole-bar a is 3f inches ; of the
arm c, 4£ inches ; and of b, 2J inches. The breadth of the solo-flange is 2 inches,

the greatest thickness in any of the parts is J inch, and the total weight of the
frame is 30 lb.

592. The Share.—FigB. 227-231 inclusive are illustrations of the share and its

configuration; fig. 231 is a plan, 230 a geometrical elevation of the furrow-side;

and 227 a direct end view, looking forward, of which a is the boss adapted to the

curvature of the mould-board, b the land-side flange which embraces the head on

the land-side, c the solo-flange, embracing, in like manner, the head below, and

these three parts form the neck or socket of the share, fitting closely upon the

head, and being, in effect, part of the mould-board. The part d e /, fig. 231,

forms the share proper, consisting of d c e the shield, terminating in the point

e, and of the part c g e the feather or cutter running off at the point e. The
extreme breadth of the share in this plough, measuring from the land-side to

the point g of the feather, varies from 6 to 6£ inches, and its length in the sole,

including the neck, is about 16 inches, the feather l>eing 11 inches. The other

figures, 228 and 229, are transverse sections of the share on the linesgg and h h
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in the respective figures, exhibiting the structure and relation of the shield and

the feather, as well as the position of the cutting edge of the feather in relation

to the base line of the plough represented by the line A'V, fig. 1, Plate I.,

where, as will be observed, the cutting edge, through its entire length, lies

within less than ^ of an inch of the base line.

593. The share is always formed from a plate forged for the express purpose

at the iron-mills, and known in tlie F'g-*1-

trade by the term sock-plate. Fig. A.

*

232 represents tlie form in which a^^^^ \ \«:

these plates are manufactured, the l V*
thickness being from \ to J inch

;

,">v^ ,V

they are afterwards cut in two . ^*^s^***-.. »Y
through the line a 6, each half ^^--Jl *\ b

^

being capable of forming a share. * •oc« pl»t«

To do this, an incision c d is made on the short side to a depth of 2 inches, the

part a c d e is afterwards folded down to form the sole-flange, and the part

b f g is, in like manner, folded down to form the land-side flange. The point

h is strengthened, when requisite, to receive tlie proper form of the shield and

point, the latter being tipt with steel. The edge h c is extended to the requisite

breadth to form the feather. In order to cut a sock-plate at the proper angle,

so ss to secure a minimum expenditure of labour and material, let a central line

A A be drawn upon the plate, and bisect this line in tlie point k, the line upon

which the plate should be cut will form angles of 70° and 110° nearly, with

the line h h
;

or, mechanically, draw /•
/, equal to 5^ inches, at right angles to

h h, and I a parallel to h h ; mark off 2 inches from J to a, and through the

points a, k draw the line a 6, which is the proper direction in which the plate

should be cut.

594. The Sole-shoe.—The figures 233-235 inclusive are illustrative of the sole-

ra 233. Fie. KM.

tor aoLB - alios.

thoe. Fig. 235 is a plan of the shoe, a a being the sole flange, and b b the land-

side flange. Fig. 234 is an elevation of the same, and fig. 233 a cross section,

showing the filling up of tlie internal angle opposed to where the greatest wear

takes place. The thickness of the sole-flange at the heel a is $ inch, dimin-

ishing forward to f inch at 3 inches from the point, and from thence it is

thinned off to prevent obstruction in its progress through the soil. The breadth

of the sole is 2^ inches, and its extreme length 20£ inches. The side-flange

is \ inch thick along the edge by which it is attached to the sole, diminishing

upwards to \ inch at the top edge, the height being 4j inches at the heel and
6 inches at the fore-end

;
weight about 14 lb. The upper land-side plate is

18 inches in length on the lower edge, being l£ inches longer than the corre-

sponding edge of tlie sole-plate, the purpose of which will be seen in the figure
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of the land-Bide at e, fig. 240 ; the length on the upper edge is 2l£ inches. The
breadth and the contour of the upper edge must be adapted to the form that

may have been given to the bcamfg. The thickness at the lower edge must
agree with that of the sole-plate at c, and be diminished to £ inch at the upper
edge

;
weight 9 lb.

595. The Coulter.—Fig. 236 is an edge and 237 a side view of the coulter of
this plough, in which the same letters of reference are ap-

plied. The neck a b, by which it is affixed in the coulter-box,

is about 10 inches long, though it may with all propriety be
extended to c ; the neck is usually about 2 inches in breadth

and J inch in thickness. The blade bed varies in length

according to the variety of the plough to which it belongs,

from 18 to 22 inches. The breadth of the blade is usually

about 3 inches in the upper part, but is ourved off behind,

and terminating in a point at d. The thickness of the back
at the shoulder b is J inch, and tapers gently downward to

where the curvature of the back begins ; from thence it

diminishes towards the point to £ inch or less. It is formed
quite flat on the land-side, and on the furrow-side is bevelled

off towards the cutting edge, where it is about £ inch in thick-

ness throughout the length of the edge.
e 596. The Bridle.—Fig. 239 is a plan, and fig. 238 a corre-

sponding elevation of the bridle, and the manner of its attach-

ment to the beam, where a is a part of the beam, b the cross-

head, and c c the tails of the bridle, with their arc-heads d
embracing the beam on the two sides ; e is the joint-bolt on
which the bridle -turns for adjustment to earthing ; f is the

temper-pin or bolt, and by insertion of it into any one of the

holes in the arc-heads rf, and passing through the beam, which
is here perforated for the purpose, the bridle is held in any
required position. The draught-shackle g is held in its place

A upon the cross-head b by the draught-bolt h passing through

both parts, and the cross-head being perforated with five or

more holes, the bolt and shackle can be shifted from right to left, or from left

to right, for the proper

adjustment of the landing

of the plough. To the

shackle is appended the

swivel-hook ^ to which
is attached the main
draught-bar, or swingle-

tree of the yoke.

597. The Land-side.—

Figs. 240 and 241 are

illustrations of the land-

side, fig. 240 being an
elevation of the body of

this plough, represented

in the working position,

but with the extremities

cut off. The point of the

Bhare and the heel rest upon the base line at a and b, and the lines of the sole

ti:« ootrtTiit

TflF BUll/I.r.

Digitized by Go<



LAND -SIDE OF THE EAST - LOTHIAN PLOUGH.

lying between these points form the very obtuse angle which obtains in the sole

of this plough ; a c is the share, and d b the sole-shoe; e is the land-side plate,

Fl(C. 2<0.

I 1 I I I
'
/oat uaU.

andfg a part of the beam. The lines a d and d 6, together with the base-line,

form the very low triangle a d b, whose altitude at d does not exceed § inch, or

by extending the sole-line b d to A, the depression h a of the point of the share

below this extended line will be £ inch nearly. Fig. 241 represents a horizontal

section of the body, as if cut off at the level of the upper edge of the sole-shoe.

Here a c is the share, b d the sole-flange of the body-frame, the bolt-hole at b

being that by which the palm of the right handle is fixed to the flange ; e and

/ the two arms of the frame, as cut across in the section g *, the land-side of

the sole-shoe coinciding with the land-side plane ; the continuation of this

line, g i to A, exhibits the inclination of the share to the land-side, which in

this plough may be taken at £ inch.

598. The inclination downward given to the share is intended, and expe-

rience confirms the intention, to give steadiness of motion to the implement, by
giving it a lengthened base on which to stand. It is evident that if a base the

converse of this were given to it—convex instead of concave—so that it should

rest on the point d; when in motion, the smallest obstruction occurring at the

point of the share would give it a tendency to swerve from the horizontal line

of progression, and to lose either depth of furrow or be thrown out, thus ren-

dering the management of the plough very difficult and uncertain. Even a per-

fectly straight base is found not to give the requisite certainty of action, without

a greater amount of exertion, as well as closer attention on the part of the plough-

man. A like reason prevails for tins inclination of the share landward as does
for its earthward inclination, and for the steady motion of the plough the earth-

ward is even more necessary than the landward ; but there is another reason for

this landward inclination, which is, that as the plough is seldom held with its

land-side truly vertical, but inclining a little landward, and it being desirable to

cut the farrow-slice as near as possible rectangular, the coulter has always a slight

tendency landward at the point; hence it becomes necessary to give the share a
like bias. By this arrangement of the parts, the incision made by the coulter

will be nearly vertical. While it is admitted that these inclinations of the Bhare
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afford certain advantages in the action of the plough, it must not be concealed

that the practice is liable to abuse. It has been stated, that if a different

arrangement were followed, a greater degree of exertion and of attention on the

part of the plouglunan would be called forth : thus, if the sole and land side of

the body were perfectly straight, the plough would present the least possible

resistance ; but as it would thus be so delicately adjusted, the smallest extrane-

ous obstacle would tend to throw it out, unless a constant unceasing watch is

kept on its movements by the ploughman. To obviate this, he gets the share

sot with a strong tendency to earth, for it is this tendency that has most effect,

and greater than is requisite ; and to prevent the plough taking a too deep furrow,

he counteracts this by adjusting the draught-bolt to an opposite tendency ; the

implement will thus be kept in equilibrium, but it is obtained at an additional

expenditure of horse-power. Under any such circumstances the plough is drawn
at a disadvantage to the horses, by reason of an obliquity of the line of draught

to the direction of motion ; and this disadvantage is augmented by every undue
tendency giveu to the parte by which the obliquity of their action is increased

;

or, if not so increased, the prevention of the increase will induce a deterioration

in the work performed. All undue inclination given to the share, but espe-

cially in its earthing, will either produce an unnecessary resistance to the

draught, or it will deteriorate the quality of the ploughing. It is therefore the

interest of the farmer to guard against, and to prevent as much as possible, every

attempt at giving any undue bias to this important member of the plough.

599. Dimensions of the Lanarkshire Plough.—For the purpose of comparison

betwixt the action of the two forms of mould-boards we have alluded to, the

concave and the convex, the general dimensions of the Lanarkshire plough are

as follows : From the zero-point to the extremity of the heel is 4 inches, and
from the zero-point forward to the point of the share is 29 inches, giving as

the entire length of sole 2 feet 9 inches. Again, from the zero-point backward
to the extremities of the handles, the distance is 5 feet 6 inches, and forward

to the draught-bolt 4 feet 4 inches, making the extreme length of the base-

line 9 feet 10 inches
;
but, following the sinuosities of the beam and handles,

the entire length is 10 feet 6 inches. In refereuce to the body of the plough,

the centre of the coulter-box is 15 inches, and the point of the breast-curve 6^
inches from the zero-point, both as measured on the base-line

;
but, following

the rise of the beam, the distance from the junction of the mould-board with

the beam to the middle of the coulter-box is 10^ inches.

600. The heights of the different points, as measured from the base-line to the

upper line of the beam and handle, are—at the helve of the left handle the

height is 3 feet 2 inches ; at the same point in the right it is 3 feet ; at the

middle stretchor the difference in height is only 1^ inches, but it again increases

downward, till the right handle meets the sole-bar, to which it is bolted. The
height of the point of the beam is 18 inches, and at the centre of the draught-

bolt, at a medium of 17 inches. The lower edge of the mould-board behind is

usually set at £ inch above the plane of the base-line, and at its junction with

the share, is from 1^ to If inches.

601. Of the Action of the Plough.—The coulter, the share, and the mould-

board, being the principal active parts of the plough, and those which supply

the chief characteristics to the implement, it may be useful to the agricultural

mechanic to enter into a more minute descriptive detail of the nature and
properties of these members, before entering upon the duties which each in

its turn has to perform in the action of cutting and turning over the nirrow-

slice.
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602. The Coulter.—The coulter, in its construction, as well as in tho duties it

has to perform, is tho simplest inemlwr of the plough. It is a simple bar, in

form as represented by figs. 236-237
;
varying in length, according to tho variety

of the plough to which it belongs, from 18 to 22 inches. Simple though the form

and duties of the coulter may be, there is no member of the plough whereof such

a variety of opinions exist as to its position. We have shown that in practice

the rake or angle which its cutting edge makes with the base-line ranges from
45° to 80°, that of its land-side face from 4° to 8° with the vertical, and that the

same face, in the horizontal direction, varies from 0° to 4° with the land-side.

The objects of these variations are pointed out as mere matters of taste and con-

vention amongst ploughmen. Two jxunts alone, in regard to position, should

be considered as standard and invariable. These are, 1st, that/7^ land-sideface

of Hit coulter shall be always parallel, in the horizontal direction, to the plane of the

land-side of the plough's body ; and, 2d, that at the height of 7 inches, or of 6 inches,

according to the depth offurrow to which the plough is adapted, the land-side face of
the coulter shall be \ inch to landward, or to the left, of the plane of the land-side of
the body.

603. One other point in position is subject to a great diversity of opinion ; that

is, the position in which the extreme point of the coulter should stand in

relation to the point of the share. In respect to landing, or that cause which

requires the point of the coulter to be placed to landward of the share, the range

of opinion is within moderate bounds, being from 0 to £ inch ; but in the vertical

direction, the range varies from ^ inch to 2 inches ; and in the longitudinal

direction a like difference of opinion exists. Thus Small recommends that the

point of the coulter should be 2 or 3 inches in advance of the point of the share,

and \ or 1 inch above the plane of the sole (base-line), while it should l>e ^ inch

or 1 inch to landward of the land-side plane.* Tin; position in advance is

very much at fault ; and the almost universal practice, also, of keeping tho two

points nearly equal in advance, condemns the practice, and points out equality

as the rule. In regard to the position of the point landward, it is liable to con-

siderable variation, partly from the inclination that may l>e given to the share,

and likewise from the degree of obliquity between the coulter and the land-side.

This obliquity, indeed, combined with the ride laid down, from the position of

the coulter in relation to the land-side, at the height of 6 or 7 inches, is the true

source from which the landward relation of the points of the coulter and share

can be ascertained
;
hence, therefore, in whatever variety of the plough, the

coulter should have its pfisition in regard to land determined first ; and the point of

the share should take its positionfrom the coulter. The distance to which the point

of the share stands to the right of the coulter should in no case exceed £ inch,

but it were better to confine it to \ inch. In the vertical position, the advancing

of the point of the coulter to, or retiring from, the share, violates no principle in

the relation of the parts ; but to place the coulter at an undue distance above

the share, leaves that portion of tin; slice uncut which extends between the two

points, and which must produce an undue resistance, from the part laeing

forcibly pressed asunder, by a process like clipping, through the inclined action

of the share upward. Tho nature of the soil, whether stony, or gravelly, or a

loam, will, however, always have an effect on this point of the trimming of the

plough ; and as no principle is affected, there is no impropriety in giving a lati-

tude in this direction, though we conceive that a distance of 1 inch, between the

points of the share and coulter, ought to be the maximum, except in cases where

the nature of the soil may demand a deviation from that distance.

Small's Treatise on Ploughs, pp. 18 and 40.

L
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604. The office which the coulter lias to perform in the action of the plough
is simple ami uniform, being merely to make an incision through the soil in tho

direction of tho furrow-slice that is to ho raised. It is a remarkable fact, that in

doing this it neither increases nor decreases the resistance of the plough in

any appreciable degree. Its sole use, therefore, is to cut a smooth edge in the

slice which is to be raised, and an unbroken face for the land-side of the plough
to move against in its continued progress.

605. In the early works on tho principles of the plough, some misconceptions

appear to havo been formed of tho influence of the coulter, under tho supposi-

tion that tho coulter extending 3 inches in front of the share acted beneficially

;

and that giving the coulter a great rake, or a low angle with the base, made it

cut the soil advantageously, and with less resistance. From a series of experi-

ments, we have satisfied ourselves that the far advanced position is erroneous,

and that the projection of the coulter l>efore the share increases the resistance

in a very sensible degree. With regard to the angle, the resistance seems not

to be affected by the angle at which the edge of tho coulter stands ; and tho

analogy of a common cutting instrument* does not hold in the case of the coulter

of the plough. With a razor or a knife in the hand, we make them pass through
any object by drawing their cutting edge over the surface to be cut, in the man-
ner as with a saw, which greatly increases the effect without any increase of

force ; and this holds, in all proper cutting instruments : but lot the edge of tho
instrument be placed simply at an angle with the direction in which the stroke

or cut is to be made, ami in making the cut let this oblique position be retained,

so that the cutting edge shall proceed paralled to its original j)osition, without any
tendency to drawing the edge across the direction of tho cut, no saving of force

is obtained. Tliis process must be familiar to every one who uses a knife for

any purpose whatever. In slicing a loaf, the operator is at once sensible that,

by moving the knife gently backward or forward, he is required to exert less

force, while he at the same time makes a smoother cut, than he would do by
forcing the knife through tho loaf, with its edge either at right angles or obliquely

to tho direction in which the knife proceeds. The coulter of the plough acts in

the oblique direction, its cutting edge stands obliquely to the direction of motion,

but has no means of drawing or sliding, to cross theforward motion ; it therefore

cuts by sheer force of pressure. Where ehvstic substances occur, an instrument

cutting in this manner has some advantages. In the case of fibrous roots, for

example, crossing the path of the coulter ; the coulter, by passing under them,
sets their elasticity in action, by which they allow the edge to slide under them
to a small oxtent, and thus produces the wiving effect. In the non-elastic earths,

of which soils arc chiefly composed, nothing of this kind, it is apprehended, can
occur ; hence the angle of the coulter, as it affects the force requisite to move
the plough, is of little importance.

606. We have said that the projection of the coulter in front of the share

increases the resistance, and are borne out in this assertion from the result of

experiments not a little inexplicable. On a subject which has of late attracted

considerable attention, we were desirous of obtaining information, from experi-

ments alone, on the actual implement ; and to attain this the more fully, wo
determined on analysing the resistance as far as possible. With this view, a
plough was prepared whose coulter descended 7 inches below the line of tho
sole, and fitted to stand at any required angle. This plough, with its sole upo?i

the surface of two - year • old lea, and the coulter alone in the soil, the bridle

having been adjusted to make it swim without any undue tendency, the force

* Smau.'s Treatise on Plough*, p. 18.
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required to draw this experimental instrument^ as indicated by the dynamo-
meter, was 26 imporial stones, or cwt., and no sensible difference was observed

in a range of angles varying from 45° to 70°. This coulter having been removed,

the plough was drawn along the surface of the field, when the dynamometer in-

dicated 8 stones, or 1 cwt., the usual draught of a plough on the surface. Another
well-trimmed plough was at work in the same ridge, taking a furrow 10 by 7

inches, and its draught was also 26 stones. On removing the coulter from this

plough, and making it take a furrow of the same dimensions, the draught was
still the same, namely 26 stones. The furrow thus taken produced, of course, a
slice of very rough plonghmanship ; and though it exhibited by a negative the

essential use of the coulter—the clean cutting of the slice from the solid ground

—

the whole question of the operation and working effects of the coulter is thus

placet! in a very anomalous position. The question naturally arises, What
becomes of tho force required to draw the coulter alone through the ground,

when, as it appears, the same amount of force is capable of drawing the entire

plough with or without a coulter? A definite and satisfactory answer, it is

feared, cannot at present be given to the question, and until experiments have

been repeated and varied in their mode of application, any explanation that can

be given is mere conjecture.

607. Since we have seen that the same force is required to draw the plough

without a coulter as with it, and as it has been observed that the work performed

without tho coulter is very rough, by reason of the slice being in a great

measure torn from the solid ground, the breast of tho plough being but indiffer-

ently adapted for cutting off the slice, it is more than probable that the tearing

asunder of the slice from the solid ground requires a certain amount of force

above what would be required were the slice previously severed by the vertical

incision of the coulter : and though we find that the force requisite to mako
this incision, when taken alone, is equal to the whole draught, yet there appears

no improbability in the supposition that the minus quantity in the one may just

equal the plus in the other. Bo this as it may, the discovery of the anomaly
presents at least a curious point for investigation, and one that may very pro-

bably, through a train of careful experiments, point out tho medium through

which a minimum of draught is to bo obtained.

608. Regarding the effect of change on the angle of the edge of the coulter,

though it does not directly affect the draught of the plough, it is capable of pro-

ducing practical effects that are of importance. In ploughing stubble-land, or

land that is very foul with weeds, the coulter should be trimmed to a long rake

—

that is, set at a low angle, say from 4t5° to 55° ; this will give it a tendency to

free itself of the roots and weeds that will collect upon it by their sliding

upward on the edge of the coulter, and, in general, will be ultimately thrown
off without exertion on the part of the ploughman. The accumulation of masses
of such refuse on the coulter, greatly increases the labour of the horses. Tho
amount of this increased labour we have frequently ascertained by the dyna-

mometer, and have found it to increase the draught of the ploughs from 26
stones, their ordinary draught when cloar, up to 30 stones, and immediately on

the removal of the obstruction the draught has fallen to an average force of 26
stones. It is unnecessary to add, that the prevention of such wasto of muscular
exertion ought to bo the care of tho farmer, as far as the construction of his

machines will admit of.

609. To apply a plough, with its coulter set in the position above described,

to lea-land with a rough surface, would produce a kind of ploughmanship not

approved of; ever}' furrow would be bristling with the withered stems of the
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nnconsumed grasses ; for to plough such land with a coulter set in this way,

would cause its partially matted surface to present a ragged edge, from the

coulter, acting upon the elastic fibres and roots of the grasses, pressing them

upwards before they could be cut through. The ragged edge of the slice thus

produced gives, when turned over, that untidy appearance which is often

observable in lea-ploughing. To obviate this, the coulter should be set at a

higher angle, by which it will cut the mat without tearing it tip with a bearded

edge. Crack ploughmen, when they are about to exhibit a specimen of fine

ploughing, are so guarded against this defect that they sometimes get their

coulter kneed forward under the beam so far as to bring the edge nearly per-

pendicular. The same cause induces the makers of the Lanarkshire plough to

set the coulter with its land-side face, not coincident with the land-side plane

horizontally, but at an angle with it of 4°, thus placing the n^AZ-hand face of

the coulter nearly parallel to the land-side plane, and thereby removing the

tendency, of the ordinary oblique position of the right-hand face, to produce a

rough-bearded edge on the rising slice.

610. The Share.—We have seen that the coidter performs but a comparatively

small portion of the operation required in the turning a furrow-slice. The

share, however, takes a more important and much more extensive part in the

process : on the functions of the share, in short, depends much of the character

of the plough. Its duty is very much akin to that of a spade, if pushed hori-

zontally into the soil with a view to lift a sod of earth ; but as its action is con-

tinuous, its form must be modified to suit a continuous action ; hence, instead

of the broad-cutting edge of the spade, which in the generality of soils would

be liable to be thrown out of its course by obstacles such as stones, the share

may be conceived as a spade wherein one of its angles has been cut off

obliquely, leaving only a narrow point remaining, adapted to make the first

impression on the slice. A narrow point l>eing liable to meet obstruction only

in the ratio of its breadth to the breadth of the entire share, the chances of its

encountering stones are extremely few ; and though the oblique edge, now

called the feather, has a like number of chances to come in contact with stones,

yet, from its form taking them always obliquely, and the direct resistance

which the body of the plough meets with on the land-side preventing any

swerving to the left, such stones as come in contact with the sloping edge of

the feather are easily pushed aside towards the open furrow on the right. The

share thus acts by the insertion of its point under the slice intended to be

raised, and this is followed up by the feather, which continues the operation

begun by the point, by separating the slice horizontally from the subsoil or the

sole of the furrow ; and simultaneous with this, the coulter separates the slice

vertically from the still solid ground. Probably the most natural impression

that would occur, at the first thought of this operation, will be, that the feather

of the share should be of a breadth capable of producing the immediate and

entire separation of the slice from the sole ; but experience teaches us that

such would not fulfil all the requisite conditions of good ploughing. The Blice

must not only be separated, it must be gradually turned upon its edge, and

ultimately still farther turned over, until that which was the upper surface

becomes the lower, lying at an angle of about 45°. It is found that if the slice

were cut entirely off from the sole, tho plough would frequently fail in turning it

over to the position just referred to ; it might, in place of this, be only moved

a space to the right, and fall back, or, at most, it would be liable to remain

standing upon its edge ; in either case the work would be very imperfect, and

it has therefore been found necessary to leave a portion, usually from £ to { of
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the slice, uncut by the feather of the share. This portion of tho slice is left to

bo torn asunder from the sole as it rises upon the mould-board, by which means
the slice retains longer its hold of the subsoil, and turning by that hold, as upon
a hinge, till brought to the vertical position, after which it is easily brought into

its ultimate place. The breadth of the sharo is thus of necessity limited to f
the breadth of tho slice at a maximum, though its minimum, as will appear,

may not exceed

611. The disposition of the feather comes next under notice. Tho feather

having to perform the operation of cutting that part of the slice, below, that

lies between the point of the share and the extremity of tho feather, it is formed
with a thin edge suited to cutting the soil ; but tho position of that cutting edge

forms a principal feature in distinguishing the varieties of the plough, as before

described. This distinguishing character is of two kinds
;

first, that which has

the cutting edge lying parallel or nearly so to the plane of the sole, as in the

East-Lothian plough
;
and, second, that which has this cutting edge elevated as it

retires from the point of the share, rising at an angle with tho base-line, which
is found to vary from 4° to 8°, as in the Lanarkshire plough ; and all the sub-

varieties of these ploughs have their shares coming under one or other of these

two divisions.

612. The share, in either of the forms above described, passes under the

furrow-slice, making a partial separation of it from the sole of the furrow, rising

as the sharo progresses—tho rise, however, being confined entirely to the land-

side edge of the slice, the furrow edge remaining still in connection with the

solid ground ; and* the shield and back of the share being a continuation of tho

mould-board, the latter, in its progress forward, receives the slice from the

share and passes it onward
;

or, more properly speaking, the plough passes

under it.

613. One important consideration remains to be noticed regarding the prac-

tical effects of the two forms of feather. In the first, which has the cutting

edge nearly parallel with the plane of the sole, the furrow-slice being cut

below at one level over tho r\g.m.

whole breadth of the share and
feather, the slice, when ex-

posed in section, will be per-

fectly rectangular, as a a a,

fig. 242, or very slightly

rhomboidal, and the sole of

the furrow b c will be perfectly

level across. Such a sharo,

then, will lift a slice of any given breadth and depth, which shall contain a

maximum quantity of soil, and this result can only be attained by a share

so constructed.

614. In the Becond case, where the feather rises above the plane of the solo

at angles from 4° to 8°, tho feather is found sometimes to attain a height

of 1 inch and l£ inches above that plane. In all such cases the feather is also

narrow, and, supposing that the part of the slice left uncut by it may be torn

asunder, in a continuation of the cut so made, the slice will have a depth at its

furrow edge less by about 1^ inches or more than at its land-side edge, as cut by
the point of tho share. A transverse section of this slice, therefore, fig. 243,

would exhibit not a rectangular parallelogram as before, but a trapezoid, whose

sides a b and c d might be each 9 inches, and its side b d 6 inches, and

its other side a c 4£ inches. A slice of this form would therefore be deficient in
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the quantity of soil lifted, by a quantity contained in the triangle dee, or

ng.343. about | part of the entire slice,

a ,i and this deficiency is left by the

share in the l>ottom of the furrow

as part of the solid subsoil. The
\*»/ \ absolute quantity of soil tlius left

unlifted bv shares of tliis con-

struction, will be found to vary
with the elevation tliat is {riven

to the feather ; but wherever this

form of share is adopted, results

similar to that here described will invariably follow, though th6y may differ in

degree ; but the quantity left in the bottom of the furrow will seldom fall

short of 10 per cent of the whole slice. An indirect mode of removing this

defect is resorted to in practice, which will be noticed under the next head of

Mould-board.

615. Tho rule which we would recommend to be followed in order to secure

the maximum of useful effect in the share, as founded on practice and observa-

tion, as well as combining the theory of the share and mould-board, is, that the

length from the tail of the feather to the point of the share should be from 10

to 1 1 inches ; that the height of the shield—the surface of the share—on the

land-side, opj>o8ite to the tail of the feather, be 2^ inches above the line of the

sole-shoe ; that the point of the share be ^ inch below the line of the sole-shoe,

and not exceeding ^ inch to landward of the land-side plane, this last point

being more properly determinable from the coulter ; and lastly, that no part of

the edge of the feather should be more than $ inch above the plane of the sole-

shoe, that plane being always understood to be at right angles to the land-side

plane.

616. TJie Mould-board.—Since the time that Small achieved his great improve-

ment in the formation of the mould-board, that member has been generally held

as the leading point in the plough. This, in one sense, is no doubt true ; for if

there is a spark of science required in the construction of tho plough, it is cer-

tainly tho mould-board that most requires it. Yet, for all this, we have seen a
plough making work apparently little inferior to the first-rate mould-board
ploughs, that had nothing to enable it to turn over the slice but a straight l>ar

of wood. In this case, however, the work was but apparently well done, there

being nothing to consolidate the slices upon each other as they fell over by their

own weight. The real state of the case seems to be this, that the share im-
presses the furrow- slice with its form and character, and the duty of tho mould-
board is to transmit and deposit that slice in the best possible maimer, and with

tho least possible injury to the character previously stamped upon it by tho

share. If this view is correct—and there appears no reason why it should be

questioned—the mould-hoard is only a medium, through which tho slice is con-

veyed from the share to its destined position. To do this, however, in the most
perfect manner, the mould-board has to perform several highly important func-

tions : 1st, The transmission of tho slice
;

2d, Depositing it in the proper
position; and, 3d, Performing both these operations with tho least possible

resistance.

617. Tho raising and transmitting the slice have frequently been described as

if consisting of three or more distinct movements. With all deference to former

writers, we conceive it may be viewed as having only two movements, namely,

cutting the slice by the sharo and coulter, and transmitting it to its appointed
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position through the medium of the mould-board. The cutting of the slice by

the 8hare and coulter has beon already discussed ; we now proceed to the trans-

mission of the slico by the mould-board.

618. The object of every mould-board is to transmit the slice in the best

manner, and with the least possible expenditure of force
;
but, as might have

been expected, we find considerable difference of opinion on lx>th these points,

arising from the variations in the form of the mould-board. In a general way,

the transmission of the slice may bo explained in the following manner.

619. In fig. 244, a a represents a vertical section of part of an unbroken ridge

of land, and the parallelogram abed
also a transverse section of an in-

definitely short portion of a slice

which is proposed to be raised, the

breadth a b being 10 inches, and

depth a d 7 inches \ the hue d c ''^A'/v',

will bo the bottom of the slice, or

tbe line on wliich it is separated

from the solo by the action of the

sbare. The points of the sharo and

coulter enter at d ; and in progress-

ing forward, the slice will be gradually raised at d, the point e remaining at

rest while the parallelogram revolves upon c as a centre. When the share has

penetrated to the extent of the feather, the point d of the slice will have been
raised 2^ to 3 inches. By the continued progress of the plough, the parallelo-

gram representing the slice will bo found in the ]»osition e e sf and again at

eg hi. At the fourth stage, when tho zero-point of the mould-board has readied

the supposed line of section, tho slice will have attained the vertical position

ck Ini. During these stages of this uniform process, the slice has been turning

on the point c as on a pivot, wliich has retained its original position, while

the point a% in its successive transitions, has described the quadrant d e g k.

By the continued progress of the plough, the revolution of the slice will be con-

tinued, but it will be observed that at this stage it changes the centre of

revolution from c to m ; when the point it will have described the arc k o, tho

slice has then reached the position m n o p; and ultimately, when the posterior

extremity of the mould-board has reached the line of section, the slice will havo
attained its final position mf q r, lying at an angle of 45°, and resting on tho

previously-turnod-up slice.

620. Tho process of turning over the slice, therefore, approximates to a uniform

motion, provided the parts of the plough destined to perform tho oj>eratioii are

properly constructed. The uniformity, however, is not directly as the recti-

lineal progress of the plough, but must be deduced from a different function.

And though the process hero described refers only to an indefinitely short slice,

it is only necessary to conceive a continuity of such short slices, going to form

an entire furrow-slice, extending to the whole length of the field ; and the

lengthened furrow-slice, being jwssesRed of sufficient tenacity to admit of the

requisite and temporary extension which it undergoes whilo the plough is

passing under and turning it over, is again compressed into its original length

when laid in its ultimate position. Tim furrow-slice, therefore, under this pro-

cess, may not inaptly be compared to tho motion of a wave in the ocean, keeping
in mind that the wave of the slice is carried forward in a horizontal direction,

whereas the ocean-wave is vertical. But in both cases, though the wavo travels

onward, there is no translation of parts in the direction in which it seems to
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rig. mil

travel. In the case of the furrow-slice movement, it appears as in the annexed
perspective view, fig.

245, where a b is the

edge of the land as cut

by the preceding furrow ;

c d the slice in the act

of turning over, but from

which the plough has

been removed ; e f the

edge of the land from

which the slice c d is

being cut
; g h the sole of

the furrow, and i fc, / m
slices previously laid up.

A consideration of this

figure will also show that

the extension of the slicetk vi«w or nivimsi or inc runRow.iii.icE.

takes place along the land-side edge e rfonly, from e to where the backward flexure

is given to it when rising on the mould-board ; and where it is again compressed

into its original length by the back parts of the mould-board in being laid down.

621. The Furrow-slice.—To accomplish efficient ploughing, the furrow-slice

should always be of such dimensions, and laid in such position, that the two

exposed faces in a series of slices shall be of equal breadth, whether the object

bo a seed-furrow or intended for amelioration by exposure to the atmosphere.

Furrow-slices laid up agreeably to this rule will not only present the maximum
of surface to the atmosphere, but they will also contain the maximum of cubical

contents, both of which propositions may be illus-

trated thus by fig. 24(5: Let a b represent the

breadth of a 10-inch furrow-slice, and describe the

semicircle a c b upon it as a diameter. From
the well-known property of the circle, that the

anglo in a semicircle is a right angle,* every

angle formed upon the diameter, as a base, will be

right-angled, and the only isosceles triangle that

can be formed within it will be that which lias

^ the greatest altitude. The triangle a c b pos-

sesses these properties, for produce c i to rf,

making e d equal to a b—the breadth of the slice,

which must always be equal to the distance be-

tween the apices of two contiguous furrows.

Complete tho parallelogram a c d e, which
will represent the transverse section of a rectan-

gular slice whoso breadth is 10 inches, and whose two exposed faces a r and

c b lie at angles of 45°, fiXiH their breadth, as well as the area of the triangle

a b e, will lie a maximum. In order to prove this, let a section of another slice be

formed, whose exposed side af shall be greater than the corresponding side a c of

the first slice, and Let this be taken at 8 inches. From/, through the point b, draw

f g, then will af b be a right angle as before
; fg being also made equal to 10

inches, complete the parallelogram afg h, which will represent the transverse

section of a rectangular slice 10 inches by 8 inches, occupying the same horizontal

breadth as before, and whose exposed faces will be a / and fb. Draw the line

i c k parallel to a b, and passing through the apex c of the triangle a c b; and

• Euclid, 31, iii.

rooFGRttorii. *r.*»n cr mi* r'-n»ow<i.ic«

n virnKtst po»jiiusf».
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the line op also parallel to a b, passing through the apex/ of the triangle afb.
Here the triangles a cb and afb stand on an equal basis a b ; but a c b lies

between the parallels a b and i c k, and afb between those of a b and o p,

the altitude/ r, therefore, of the triangle af b, is less than the altitude p s of the

triangle a c b. And triangles on equal bases being proportional to their altitudes,

it follows that the triangle afb is less than the triangle a c b, both in area and

periphery. Suppose, again, a slice whose side a I is less than the corresponding

side a c, and let it be 6 inches ; from I, through the |K>int b, as before, draw / m,

and construct the parallelogram a I m n, we shall havo a transverse section of a

third slice of 10 inches by 6 inches, whose exposed faces a I, I b occupy the

same horizontal breadth as before. Here the triangle alb lies between the

parallels a b and o p, consequently equal to afb and less than a c b.

622. This simple geometrical demonstration, as applicable to the slice, may
be corroborated by the usual formula of the triangle. Thus the altitude of the

triangle a cb is =~-5 inches = s c, and the side a c or e b is - s/a j' + ci";

or a 5 and c s being each equal to 5 inches, a c or c b will ~ + 5" = 7.071

inches, which is the depth due to a slice of 10 inches in breadth, and the sum
of the two exposed faces will be 7.071 x 2 = 14.142 inches.

623. In the triangle afb, ab-U) inches and af~ 8 inches, then a b
1 - af*

=/ 6* and the sjf b* = 6 inches. The three sides, therefore, of this triangle

are 10, 8, and 6 inches, and the altitude rf is easily found by the principles of

similar triangles. Thus, in the similar triangles afr,fbr, a b : af: :f b :f r-

The perpendicularf r is therefore = 4.8 inches ; hence the exposed surfaces are

as 14.142 : 14, and the altitudes as 5 : 4.8. Since it turns out that a I is equal

to/6, and a b common to both, it follows that / b is equal to af and the peri-

phery and altitude also equal, and less, in all respects, than the triangle a c b.

And so of any other position or dimensions.

624. The slice which presents a rectangular section is not the only form which
is practised in modern ploughing. Of late years, and since the introduction

of the changes by Wilkie on the plough, a system of ploughing has been

revived* in which the great object seems to be that of raising a slice that shall

present a high shoulder, as it has been called, or which we have ventured to

denominate the crestedfurrow, fig. 243. The general impressions that prevail

as to the advantages of this mode of ploughing, are, that the crested furrow

affords a greater surface to the action of tho
rig M7

atmosphere, and a greater quantity of cover to 6

the seed in the case of a seed-furrow in lea.

As there appears to be some degree of fallacy /' • \, \
in the reasonings on this point amongst prac- / \ \ /
tical men, and as it does not appear to have ^J//g \

e

been hitherto sufficiently investigated, we shall ~~
/ \^ "

venture a few remarks, in the hope of leading \\ 'V\
others to a more full consideration of the points \\ , / c

involved in the subject. \\ / /
625. The crested slice, instead of the rectan- \\ k /

gular section of the one already described in \. ^ /
fig. 242, presents a rhomlxridal, but much more d
frequently a trapezoidal section

;
indeed, the lat-

ter may be held as inseparable from the practice

;

but, in comparing them, we shall first take the exposed surface. In fig. 247,

then, let a b c d represent a transverse section of a rectangular slice of 10 by

Blith's English Improver Improved, p. 266, edit. 1652.
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7 inches, a e tho base of the triangle, whose sides a b, b e represent the two
oxposed surfaces of the slice when set up with the sides at angles of 45° to the

horizon, its angle at b being 90°,—its altitude bf will be as before,— = 5 inchen.

Again, let g h be tho base of the triangle whose sides g b, b h represent the
exposed surfaces of a crested slice—whose base g h, equal to g k, niay be taken

at 9 inches, that being the breadth at which such ploughs take their furrow-

Supposing also that the cresting is such as to give an altitude, / b
y
of 5 inches,

as in that of the rectangular slice, we shall have the sides g b, b A, from the
usual formula, g J* +f

b

2 = g &*, and gf being 4^ inches,fb-h inches ; then the

v/4.5* + 5
s = 6.72 inches -g b or b A, being rather more than the best practical

authorities for cresting ploughs give to the depth of a slice ; the dimensions

recommended being from 8^ to 9 inches broad, and from 6 to 6£ inches in depth.

It will therefore always fall short in perpendicular height of the rectangular

slice of 10 by 7 inches. But, allowing the height to be the same, we have two
triangles a b e and g b h of equal height, but of unequal bases ; their areas will

therefore bo unequal, and proportional to their bases.

626. In bringing these two systems, however, into practice over any extent

of surface, suppose a ridgo of a field, the number of furrows of each required to

turn over such ridgo will bo exactly in proportion to tho length of tho base of

the triangle, or as 9 to 10. Hence, though the individual crested slices or

triangles have an area less than that of the rectangular slice in tho proportion

of 9 to 10, yet the aggregate area of all tho triangles, over any given breadth

of surface, wherever the number of slices of tho one exceeds that of the other

in the proportion of 10 to 9, will be the same, but no more. The imaginary

advantage, therefore, of a greater cover to the seed with a crested furrow, fails,

provided the comparison is made with a plough that takes a furrow of 10 inches

wide by 7 inches deep, such as tho East-Lothian plough.

627. It is to be admitted, that were cresting ploughs, that cut their slices

9 inches wide, to take them 7 inches deep, and still preserve the rhom-
boidal or trapezoidal section, they might in that case produce an increase of

cover to the seed, as compared with a rectangular slice of 9 by 7 inches. Let
us refer again to fig. 247, and suppose g 7 inches, g f Innng, as before,

4^ inches, then g b 2—gf2—fb*, or bf will be equal to 5.36 inches, while, by
the same method, the rectangular slice of 9 by 7 inches would give bf equal to

only 4.39 inches, tho crested slico in tins case giving a difference of height of

.97 inch, and £ of this, or .48 inch, of greater cover of seed. But this is not a
practicable case, inasmuch as the cresting plough cannot be worked in a furrow

of 9 by 7 inches, and lay the furrow-slice at an angle that would give equal

exposure to both sides of the slice, whether it possess a rectangular or rhom-
boidal section, the true depth being 6.36 inches nearly, for a slice whose breadth

is 9 inches; and the height bf of its triangle would be, if rectangular, only

4.5 inches. Compared with itself, therefore, the plough that takes a 9-inch

furrow rectangular yields ^ inch less cover to the seed than when it raises the

crested slice
;

but, even with the advantage of the crest, it is not better than
tho plough that takes a 10-inch furrow; while the former labours under other

disadvantages arising from that peculiarity of structure for which it is valued.

628. In order to exhibit the difference of effect of the rectangular and the

crested slices, as lifted and laid on each other by the plough, and as they

affect tho real intentions of tillage*, we shall consider them in separate detail.

Fig. 248 is an example of the rectangular slice of 10 by 7 inches : a b d c may
be taken as a transverse section of tho body of the plough, the line a c being
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the terminal outline of the mould-board, af a section of the furrow-slice which
is just being laid up, and g h a slice previously deposited. In the triangle i g k

m« MIMtl or a nsor«KO'jLA>i rMWI4UW tu» xrrzrra o» a crttsnu ruM^vk- iLict

the base i k is 10 inches, being always equal to the breadth of the slice, the

angle at g a right angle, and the sides ig, g k each equal to 7.071 indies, the per-

pendicular height g I being 5 inches, as demonstrated in par. 621. Fig. 249 is a
similar representation of a cresting plough, with its effects on the slice and the

subsoil ; k n po is a section of the plough, k in a section of a slice in the act of

being deposited on the preceding slico c I. Hero the slices are trapezoidal, as

they are always cut by tliis Rpecies of plough ; and from this configuration of the

slice, the broader sides are not parallel, nor do the conterminous sides of the

adjacent slices lie parallel to each other in the transverse direction. The side

b c lying at an angle of 48° with the base a b, while the side b m makes the

opposite angle at b only 41°, the angle at c being 84°, and the triangle ab c

isosceles. The base a b of the triangle a be is now supposed to be 8 J inches

—

the breadth recommended for a seed-furrow, and the side ac 6| inches, the

opposite side Ih being 4^ or 5 inches. The base a b, when bisected in d, gives

<i d=AJ2b inches, and since a c-—a d 2=c d 2
, c d will be 4.918 inches, which

is less than given by the former demonstration of the crested slice ; but we
have observed cases still more extreme, where, still referring to fig. 249,

a b was only 7£ inches, but the angle at c became so acute as 75°; yet with

these dimensions c d is still under b inches ; hence in all practical cases, with

a furrow less than 9 inches in breadth, the result will l>e a reduction in the

quantity of cover for seed.

629. One other point remains to be noticed in reference to the two forms of

furrow-slice. We have seen that the rectangular slice necessarily implies that

the bottom of the furrow shall be cut upon a level in its transverse section,

lig. 242; while the slice that is cut by the cresting plough leaves the bottom of

the furrow with a sloping rise from the land-side towards the furrow-Bide at

every slice, and this rise may range from 1 to 1^ inches or more. Returning to

fig. 248, the serrated line /ho exhibits a transverse section of the surface of

the subsoil from which the soil has been turned up by the cresting plough. The
triangular spaces efg,ghi represent the quantity of soil left by such ploughs at

the lifting of each slice. These quantities may amount to } of what the slico

ought to be, and are thus robbed from it, and left adhering to the subsoil,

except in so far as they may be nibbed down by the abrading action of the

lower edge of the mould-board, as at / and /i, and the portions of soil so rubbed

off are thrust into the spaces under the edge of the slices as they are suc-

cessively laid up. This last process may be readily observed at any time when
the plough is working in tough land or in lea. With a cresting plough the

spaces /, A, o will be seen more or less filled up with crumbling soil
;
while, with
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tho rectangular plough, the corresponding spaces will be left nearly void. We
should decidedly say that tho filling-in of these voids cannot bo as beneficial

to the land as if the |th here left below had been turned up with the slice ; and
what is thus left is more frequently left adhering to the subsoil than it is to be
found stuffed under the edge of the slice. Under any view, the system of the

crested furrow-plouglring is not unworthy the serious consideration of the fanner.

630. In considering this question, there are two points deserving attention.

1st, The immediate effects upon the labour of men and horses. It may be
asserted generally, that all ploughs adapted to fonn a crested furrow are heavier

in draught than thoso which produce the rectangular furrow. This seems a
natural inference from the manner in which they work—the tendency that they

all have to under-cut by tho coulter ; tho narrow feather of the share leaves

more resistance to the body in raising and turning tho slice ; and not least, the

small ridge left adhering to the bottom of the furrow, if rubbed down and stuffed

under the slice, is performed by an unnecessary waste of power, seeing that the

mould-board is not adapted for removing such adhering obstructions. 2d, The
loss of time and labour arising from the breadth of furrow, compared with those

ploughs that take a 10-inch furrow. Thus, in ploughing an imperial acre with

a 10-inch furrow—leaving out of view the taking up of tho closing of the open
furrows, the turnings, &c.—the distance walked over by the man and horses will

amount to 9.9 miles nearly ; with a 9-inch furrow the distance will be 1 1 miles

;

with 8^-inch furrow it will be 11^ miles or thereby; and with a 7^-inch furrow

13^ miles nearly.

631. It may, therefore, be of imj>ortance for the farmer to weigh these con-

siderations, and endeavour to ascertain whether it is more for his interest that

his ploughing should be essentially well done, and with the least expenditure

of power and time, or that it should be done more to please the eye, with a

high surface-finish, though this may perhaps be gained at a greater expenditure

of power and time ; while the essentials may in some degree be imperfectly

formed. We would have no hesitation to prefer the well-done work, and the

saving of power and time, to more external finish.

632. On this part of the subject we cannot refrain a passing remark on the

very laudable exertions that have been made all over the country in producing

that emulation amongst our ploughmen, which has been so successful in pro-

ducing excellence in their vocation amongst that useful class of agricultural

labourers, as to give them a pre-eminence over all others of their class in any
country—we mean the institution of plovghing-matches. While wo offer our

ardent wishes for a continuance of the means which have raised tho character

of the Scottish ploughmen, we cannot prevent doubts rising in our mind, that,

however good and beneficial these competitions are calculated to be, if tho

exertions of the class are properly directed, yet the best exertions of both tho

promoters and the actors may be frustrated by allowing a false taste to bo

engendered amongst tho operatives. That such a false taste has taken root,

we have no doubt ; and the results of it are appearing in the spread of opinions

favourable to that kind of ploughing which to us appears not much deserving of

encouragement—;the high-crested system. We have observed, at various plough-

ing-matches, that the prize was awarded to that kind of ploughmanship which
exhibited the highest surface-finish, without reference to the groundwork of it

;

and we have compared by actual weight, all crumbs included, the quantities of

soil lifted by ploughs that gained prizes with others which did not, because

their work did not look so fine on the surface ; and we have found that tho

ono to whom tho prizo was awarded had not lifted so much soil by as some
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of those that were rejected. We are far from intending, by these remarks, to

throw discredit on ploughing-matches ; on the contrary, we would wish to see

them meet with tenfold encouragement, and also to see many more than are

usually met with, of the good and the great of the land, assembled at those

meetings, to encourage and stimulate by their presence and liberality the

exertions of the competitors in such interesting and useful exhibitions.

633. The Principles and Formation of the Mould-board.—Of the various indi-

viduals who have written upon the plough and the formation of the mould-

board, Bailey of Chillingham and Small of Berwickshire are perhaps the only

two who have communicated their views in a practical shape ; and even in

their descriptions there is somewhat of ambiguity and uncertainty, but such

may be inseparable from the subject. Many other nameless artisans have
varied the mould-board until almost every county lias something peculiarly

its own, and each district claims for its favourite all the advantages due to

perfection.

634. We have been at great pains to analyse a considerable number of these

varieties ; and as the subject is not unimportant in a work of this kind, we have

selected a few of the best known, and of highest character, as objects of com-

parison.

635. The method adopted to obtain a mechanical analysis of these mould-

boards has been simple, but perfectly correct ; and as the principle may be

applied to the attainment of counterparts of other objects, perhaps more im-

portant than a mould-board, it may be deserving of a place here. As a matter

of justice also to the fabricators of the different mould-boards here exhibited,

we are desirous to show the principle on which these transcripts of their

works have been thus brought forward in a new form, and in contrast with

each other.

636. The instrument employed for this purpose is a double parallelogram or

parallel ruler, as repre-

sented in fig. 250, which is

a perspective of the appa-

ratus. The bars a 6, c d,

t /, are slips of hardwood
about 3 feet long, or they

may be of any convenient

length, and \\ inches broad

by | inch thick, each of

which is perforated at a, 6,

c, d, e, /, the perforations

being exactly equidistant

in all the bars. Four
similar bars, of about half

the length, are perforated

also at one uniform dis-

tance, and the seven bars

thus prepared are jointed together upon brass studs, and secured so as to move
freely at every point, but without shake on the studs. The form when con-

structed is that of the two parallelograms a b d c and c df e. In the end of

the bar c/a stout wire-pointer j is fixed, of about 6 inches in length, lying in

the plane of the instrument, and parallel to the edge of the bar. In a contin-

uation of this parallel upon the bar ef, a socket capable of retaining a pencil or

tracer is fixed anywhere at g. The instrument so formed is fixed upon a flat
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board h j, of about 3 feet square, by means of two screw-nails z z passing through
the bar a b

y
in a position parallel to the lower edge of the board ; thus leaving

all the other bars at liberty to move upon their joints ; whieh completes the
instrument. From the well-known properties of the parallelogram, as applied
to the pantograph and the eidograph, it is unnecessary to demonstrate that
whatever line or figure may be traced with the pointer j, will be faithfully

repeated by the tracing-pencil g upon any substance placed before it, and of
the same dimensions as the original.

037. Another board, or table, or a level platform, is now to be selected, and
a lino I m, which may be called the fundamental or leading line drawn upon it.

This line, to an extent of 3 feet or more, is divided into any number of equal
parts, but in this cuse the divisions were 3 inches each

;
through these points

of division are drawn tho straight lines In, o p, q r, &c, indefinitely on each sido

of the line I m, and at right angles to it. The board carrying the instrument
is provided with a foot beliind, that keeps the face of the board always perpen-
dicular to the platform on whieh it stands. The plough with the mould-board
about to be analysed is now set upon the table or platform upon which the lead-

ing line and the divisions have been laid down, the land-side of the plough
being set parallel to tho leading line, and at any convenient distance from it

suited to the instrument
;
presenting the mould-board in the position s and

so placed in reference to the lines of division that the zero-line shall coincide

with one of them, provided the extremities do not overreach the divisions either

way, the land-side of the plough l>cing at the same time perpendicular. The
instrument is now brought towards one extremity of the mould-board, and
placed upon that parallel of the divisions that come nearest to the extremity,

as No. 1, the edge I i of the instrument coinciding with the leading line

/ in. A sheet of paper having been now fixed upon the board h i of the instru-

ment!, and a tracing-pencil inserted in the socket g, the operation of tracing

commences. The tracing-point j is passed in the vertical direction over the
surface of the mould-board, tracing along a line No. 1, the pencil g at the
same time tracing a corresponding lino No. 1, on the paper, which will be an
exact outline of the face of the mould-board at that division, supposing the
mould-board to bo cut by a transverse section in that line. The instrument
and board are now to l)e moved one division upon the leading line I m, the
coincidence of the edge I 1 of the board with that line being still preserved.

The tracing-pointj is again made to pass vertically over the face of the mould-
board at No. 2, when the pencil g will trace on the paper a second line No. 2.

Tins process, repeated at each successive division, 3, 4, 5, 6, &c, the correspond-

ing lines, 3, 4, 5, 6, &c. on the paper will be traced out, exhibiting a series

of perfect sectional lines of the mould-board, each line being that which would
arise from an imaginary vertical plane cutting the body of the plough at right

angles to its land-sido at every 3 inches of its length. To prevent any inac-

curacy that might arise from a misapplication of tho tracing-point to the
oblique surface of tho mould-board, a straight-edged ruler, in form of a car-

penter's square u v x
}

is applied to the mould-board. The, stock u v of the
square being placed on the platform, and parallel to the line I m, which brings
the edge v x always into the vertical plane, and the tracing-rod j must be kept
in contact with this edge, while it traverses tho face of the mould-board at each
successive section.

638. This mode of analysis, it is to be observed, has not been adopted from
its having any relation to the principles on which the different mould-boards
have been constructed, but because it presents an unerring method of comparing
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a series of sectional lines of any one mould-board with those of any other

;

hence it affords a correct system of comparison. But it is not merely a com-

parative view that is afforded by it, for a groundwork is thus afforded from

which the mechanic may, at any time or place, construct a facsimile of any
mould-board, the analysis of which lias been made after this manner.

639. The results of the analysis of the mould-boards of the ploughs we havo
been speaking of, as taken by this method, are given in the following figures.

Plate II., fig. 1, is a geometrical elevation in a plane parallel to the land-side

of the mould-l>oard of the East-Lothian plough, I m being its base-line. The
perpendicular lines of division, commencing from the lines o o the zero, and
extending right and left, are the lines of section. Those to the right or fore-

end of the mould-board, marked a a, bb, &c, and those to the left 1 1, 2 2, &c.

The curved line x y z represents the path described on the face of the mould-

board by the lower land-side edge of the furrow-slice, as the mould-lx>ard passes

tinder it ; this line we shall call the line of transit. Fig. 2 is a front view in

elevation of the mould-board of the same plough, and corresponding to fig. 1 ;

k m is the base lino of the plough ; m g is the land-side piano in a vertical

position ; m is also the place of the point of the share ; and h i the line of junction

between the neck of the share and the mould-board ; the remainiug lines beyond
h i exhibit the outline of all the sections taken by the instrument in reference

to the lines in fig. 1. Thus, o o g m is the section of the entire body of tho

plough in the piano of the zero-line, o y o being the outline of tho mould-board

at this section, and y tho zero-point ; a a g m the first section forward from tho

zero line, b b g m the second, and so on. In like manner 1 1 g m is the first

section backward from the zero, 2 2 g m the second, and so on ; each section so

lettered and numbered having relation to the divisions carrying the corres-

ponding letters and numerals in fig. 1. The entire series of lines 1 1, 2 2, &c,
and a a, b b, «fcc., thus form a series of profiles of the mould-board, supposing it

to be cut vertically by planes at right angles to the land-side of the plough.

In fig. 2, also, the dotted line m x y z represents the path of the slice or line of

transit, as in fig. 1, and z k represents a transverse section of the slice as finally

deposited by the mould-board.

640. Figs. 3 and 4 exhibit in the same manner the mould-board of the Lanark-
shire plough, the divisional and sectional lines being all laid off" in tho samo
manner from the zero-line as in tho example just described of the East-

Lothian plough, and the zero-point y in the line o y o, which is 9 inches from

the plane of the land-side. Fig. 4 bears also the same relation to fig. 3, and
the letters and numerals in these have the same relation and value as in figs. I

and 2 of the East-Lothian plough.

641. With reference to the characters of these different mould-boards, it may
he remarked of the East- Lothian mould-board, fig. 2, Plate II., that those

portions of the sectional lines lying between the lower edge? and the line of

transit are essentially straight, the two lines beyond the zero-lino backward
excepted, these being slightly concave towards the lower edge ; and although
the lines before the zero-line and above the line of transit are concave, that

part of the surface has no effect upon the furrow-slice. It is likewise to be
observed, that the parallelogram it ,y, which represents a section of the slice

when brought to the vertical position, has its upper angle y only touclung tho

zero-line, and no other part of the side of the parallelogram in contact with tho

zero-line of section o y o ; hence the mould-board, by its pressure being exerted

chiefly against the upper edge of the furrow-slice, will always have a tendency to

abrade the crest of its rectangular slice in its progress over the mould-board.
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642. The Lanarkshire mould-board, figs. 3 and 4, Plate II., has all its lines

convex, the terminal edge excepted, which is nearly straight below, but pre-

serves the convexity as it approaches the line of trausit. Even above the line

of transit the convexity is continued, and though not affecting the furrow-slice,

it gives, in appearance, a still more decided character of convexity ; and by
thus making the upper edge of the mould-board retire, gives a long rake to the

breast of the plough. It will be readily conceived that this mould-board, from

the convexity of all its sectional lines, is essentially formed for turning up a
crested furrow, more especially when the form of its share and the position of

its coulter are considered. These last, being formed for cutting the slice with

a very acute angle, will deliver it to the mould-board
;
and, from the form of

the latter, the slice will pass over it uninjured ; for the pressure upon the mould-
board will be always greatest upon those parts of the surface of the slice lying

within the edge, preventing thereby the abrasion of that tender part. These
circumstances are clearly seen from the relation of the section of the furrow-

slice k y as applied to the zero-line o y o, the point of contact lying consider-

ably witliin the angle at y of the slice ; and the same relation holds throughout

the entire transit, up to the delivery of the slice in the ultimate position k z.

643. With the foregoing mould-boards, it will be observed that the section of

the furrow-slice, in its ultimate position, seems to encroach upon the tail of the

inould-board ; and this is to be understood as arising from the circumstance of

the slice being represented as incompressible, and unabraded below or above.

In practice, the slice is pressed downward on the angle at k, and pressed home
upon the preceding slice, so as to bring the face of the slice simply in contact

with the terminal line of the mould-board instead of the apparent mutual inter-

penetration exhibited in the figures.

644. From the examples here given of the forms of mould-boards, and the

effects which they produce when combined with any particular form of share

and position of coulter, it will be easy to draw a conclusion as to the kind of

work that will be performed by any plough that comes under our observation,

and that without any previous knowledge of its merits
;
keeping in mind that

the ultimateform of the furrow will always depend on the form of the share and
position of the coulter, that the passage of the furrow-slice over the mould-board
will have but a very partial effect on the form of the slice, and that this effect

will be greater or less according to the form of surface. Thus, a slight con-

vexity of surface, immediately below the line of transit, will with greater cer-

tainty secure the transit of the slice without injury to its edge, than may be

expected from a surface which has a concavity crossing the line of transit,

though it may be obtained, as in the East-Lothian plough, with a straight-lined

mould-board ; but it will be more certainly obtained if the share is narrow, as

in the Lanarkshire
;
though this last expedient will induco disadvantages in

point of draught, and risk of losing the effect, by any undue placement of the

coulter. These disadvantages may arise from the coulter not being sufficiently

set to landward, thereby admitting the breast of the plough to scrape upon the

land, and send a small portion of earth along the mould-board, accompanying
the edge of the furrow-slice, which may have the effect of abrading it so much
as to injure the appearance of the work, though not, in fact, affecting its effi-

ciency.

645. Having thus endeavoured to establish some data by which the agricul-

tural mechanist, whether amateur or operative, may he assisted in determining

from observation what practical effects may l>e expected to result from any
form of mould-board and share, we proceed to mention some rules by which he
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may form a mould-board on what we may conceive to bo the true principle, but
upon wliich may be engrafted such deviations as taste or other circumstances

may require.

646. Those writers who contributed to the improvement of the plough in the

early stages of its modern history, laboured at a time when mould-boards of

wood only were employed. Hence, their instructions related to the formation

of that material alone, into mould-boards. Later writers have followed in nearly

the same course, and have given rules for forming a mould-board out of a block

of wood, of sufficient dimensions to contain all the extremities of the proposed

fabric. The change now pervading this branch of mechanics, wherein the

introduction of cast-iron has become universal, precludes the necessity of falling

back upon any of the old rules ; what the agricultural mechanic is now required

to furnish being not a mould-board, but, in the languago of the foundry, a
pattern, from which castings are to be obtained perfect lac-similes of the original

pattern, and which may be repeated ad libitum : from this last circumstance it

follows that the making of a pattern will be a comparatively rare occurrence,

and one which he will seldom be called upon to perform. It nevertheless appears

desirable that a knowledge of the construction of such a fabric should be com-
municated in a manner that may enable an ordinarily skilled mechanic to construct

a pattern when required, with accuracy and certainty of effect.

647. Very considerable discrepancies exist in the form given to mould-boards,

and there is no doubt that peculiarities of soil may demand variations in form
;

but the propriety of such wide deviations may bo called in question, and the

actually required deviation brought within very narrow limits. It appears,

indeed, that one form may be brought to answer all required purposes, if aided
by a properly adjusted share and coulter.

648. Theoretical Mould-board.—From a careful study of the foregoing analyti-

cal diagrams, and from comparison of numerous implements and their practical

effects, together with a consideration of the dynamical principles on which the

plough operates, we have been led to suggest a theoretical form of mould-board,

which seems to fulfil all the conditions required in the investigation, and which
is capable, by very simple modifications, of adaptation to the circumstances of

the medium <?n which it works. In the outset, it is assumed that the soil is

homogeneous, and that it possesses such a degree of tenacity and elasticity as

to yield to the passing form of the plough, and to resume, when laid in the duo
position, that form which was first impressed upon the slice, by the action of tho

Bhare and coulter ; the second consideration being the cutting of a slice from the

solid land. In a theoretical view, tlus must be an operation through its whole
depth and breadth ; hence the share is conceived to be a cutting edge which
shall have a horizontal breadth equal to the breadth of the slice that is to be
raised, and that the face or land-side of the coulter shall stand at right angles

to this. Another consideration iB, that the slice now supposed to be cut has to

be raised on ono side, and turned over through an angle of 135°, the turning

over being performed on the lower right-hand edge, as on a hinge, through the

first 90°, the remaining 45° being performed on what was at first the upper
right-hand edge (figs. 244-245.) The slice, in going through this evolution, has
to undergo a twisting action, and be again returned to its original form of a right

prism. To accomplish this last process, it is evident that a wedge, twisted on its

upper surface, must bo the agent ; and to find the form and dimensions of this

wedge, is solving the problem that gives the surface of the mould-board required.

649. We have seen, fig. 244, that the slice, in passing tlirough the first 90°,

describes the quadrant with its lower edge, and in doing so, we can conceive a

M
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continued slice to form tlie solid of revolution a b c d e, fig. 251, which is a
quarter of a cylinder, as shown here
in isometrical perspective ; the radius

a b or a c being equal to the breadth of
the slice. We have next to consider

the angle of elevation of the twisted

wedge ; and in doing this, we must
not only consider the least resistance,

but also the most convenient length
of the wedge. In taking a low angle,

which would present, of course, pro-

portionally little resistance, it would,

at the same time, require a length

of mould-board that would be highly-

inconvenient, seeing that the generat-

ing point, in any section of the slice,

must ultimately reach the same height,

whether by a low or a higher angle. From experience we find that, from

the point of the share to that point in the plough's body where the slice arrives

at the perpendicular position, and which wo have named the zero-point,

30 inches form a convenient length. The length c d of the solid is there-

fore made equal to 30 inches or more, and this being divided into ten equal

parts, the parallels 1 1, 2 2, 3 3, &c, are to be drawn upon the cylindrical

surface ; and between the points b d, a curve has to be described that shall be

the line of transit of the slice. After investigating the application of various

curves to this purpose, we have found that a circular arc is the only one that

can be adopted. It presents the least attainable resistance in the first stages

of the ascent, where the force required to raise the slice fs the greatest ; and

in the last stages, where the force of raising has vanished, leaving only what
is necessary to turn the slice over, the resistance is at the greatest; and,

above all, the circle being of equal flexure throughout, it is in every way
best adapted to the objects here required.

650. To determine the radius of curvature

of this arc, we must evolve the cylindrical sur-

face cbde, and from it construct the diagram,

fig. 252. Draw e b equal to c d of fig. 251

;

e d equal to the length of the arc c b or d «,

and at right angles to e i; divide e b into

ten equal parts, and from the points of divi-

sion draw the ordinates 1 /, 2 g, 3 A, &c.,

parallel toe rf; from b set off 10 inches for

the length ofthe share along the line b e, which will fall 1 inch beyond the division

7, and at tliis distance draw the line parallel to 7 m
;
upon this set off a dis-

tance 7 m of 2| inches ; and through the three points, d
y
m, b, describe an arc of

a circle, whose radius will be found equal to the circumference of the cylinder of

which a b c
y
fig. 251, is a quadrant. The circular arc thus found is now to be

transferred to the cylindrical surface cb d e, fig. 251. The transfer may be per-

formed by drawing the arc on paper, and the paper then laid over the cylindrical

surfaco in such a manner that the points b, m, «?, fig. 252, shall be brought to

coincide with the points 6, m, d of the cylindrical surface, fig. 251 ; when the

remaining points /, gy
h, », or any number more, may be marked on the cylindri-

cal quadrant by pricking through the paper with a pointed instrument at short

Fig. 23S.
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intervals along the arc
;

or, the length of tho ordinates 1 /, 2 g, 3 h of

fig. 252, may be transferred to the corresponding parallels of fig. 251, when
the lengths of the ordinates will cut the parallels in the points /, g, A, &c.

In either case, the curve can now be traced through tho points 6, p,
n, m

1
&c, on the cylindrical surface. Through the points b, p, n, m, &c,

draw the dotted lines //, g g\ h h\ &c, parallel to c d or b c, and from the

centre a draw the radii a /, a g, a h\ &o. ; the unequal divisions of the arc

c b will thus show the proportional angles of ascent of the slice along the

line of transit now found, b
y p% n', &c,

for each division of the length ; while

the degree of flexure in the curve

or line of transit remains uniform by
the same, from any one point, to any
other equidistant point.

651. To convert the prism thus

prepared and lined off into that of the

twisted wedge, we have only to cut

away that portion of it contained

within the boundaries

preserving the terminal edges ai,ax,
and d x ; and the prism will thus be
resolved into a form represented by a
portion a b d x c, of fig. 253, also in

ifiometrical perspective. Of this fig-

ure, a b d x is the true theoretical

surface of the mould-board, from the

edge a b of the share to the zero-lino

dx; abe x being the sole ; the curve
bp n m L, &c. the line of transit of the furrow-slice ; and the triangles 1/1',
2 g 2', 3 h 3', 4 I 4', &c. tho vertical planes, supposed to cut the solid thus
reduced in the divisions 1, 2, 3, 4, &c. to the height of the line of transit, as

in the analytical sections of the mould-boards.

652. The surface now completed can only raise the slice to the perpendicular

position ; and to complete the operation, we have to carry the twisted wedge
back till it shall place the slice at the angle of 45°. To do this we have to extend
the original prism, or suppose it to have been at first sufficiently elongated
towards d d\ fig. 253, and to superimpose upon its flat side tho portion d d\ u a?,

or a d' u of fig. 254. The part d d' u x is now to

be worked off into a part of a now cylindrical sur-

face, whose radius is y <f or y w, fig. 254, and
upon this surface, the line d' u, fig. 254, is to be
drawn a tangent to the curve b d' at d'. A contiriu- /
ation of the divisions of 3 inches is to be made upon >
the line d <f, fig. 253, and the parallels a' q, b' r, and
«'<f, continued on the cylindrical surfaces. What-
ever portion of the superimposed piece a d' u may
be found to fall within the small arc a t

y
fig. 254,

is to be cut away, forming a small portion of an
interior cylinder concentric to the point y, which being done, the remaining
portions of the superimposed piece are to be cut away to the dotted lines d x,

a' y, b' r, u' «, of fig. 253, or, what is the same tiling, to the lines d' a, a' a, b' t,

and u t, of fig. 254, forming tangents to the curve a /, and which will complete

TII» TWIITIO WKCU» OF TH« MOtj: V BOARD OCT OCT OF TBI TOlaM.
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the surface of the twisted wedge through its entire length, and to the height of

the line of transit, producing what we conceive to be the true theoretical surface

of the mould-board.

653. Fig. 254 exhibits distinctly, in the quadrant a 6 <f, the inequality of the

angles of ascent for the slice, where tho radii a p\ a n\ a m', &c. represent the

ascents to the corresponding divisions of length in the transit of the slice

through the curve ft d' u, which represents the periphery of the cylindrical

surfaces at tho line of transit. The parts of the figure lying above that lino

represent those that must be superimposed above the quadrantal portion of

tho cylinder, to complete the upper regions of the mould-board : these parts,

acting merely as a preventive against the overfall of soil into the waste of

the plough, are of less importance as to form than those just described, but are

quite necessary in the practice of ploughing. The parallelogram y d! exhibits

the relation in which the furrow-slice stands to this form of mould-board, when
tho slice has been raised to the perpendicular, and y u in its ultimate position.

654. Although we hold this to be a true theoretical form, it is not in this

state fit to be employed as a practical mould-board, but the steps to render it

so are very simple. The broad shovel-mouth a ft, fig. 253, would meet with

obstructions too numerous to admit for a moment of its adoption in practice ; but

we have only to remove the left-hand portion of the edge a ft, in the direc-

tion 6 making the breadth q m, 6£ to 7 inches broad ; that portion also con-

tained within q r 3' is to be cut away, leaving m r about 4 inches broad

;

6 qrm will then represent the share ; the mould-board being thus of the pro-

longed form in the fore-part. And though this form has no peculiar advantage

over the truncated, in respect to working, it is better adapted to admit of the

body being constructed of malleable iron, a practice which, though more

expensive, is certainly the preferable, by reason of its greater durability, and

being less liable to fracture through the efTect of shocks, when stones or other

obstructions are encountered.

655. Besides the removal of these parts of the theoretical mould-board, other

slight modifications aro admissible. When the parts have been cut away as

described, tho edge ft q of the share will be found too thick for a cutting edge. If

brought to a proper thinness, by removing the parts below, making the edge to

coincide witli the curved surface, the share so prepared would have the character

that belongs to the cresting ploughs (par. 614.) The lower edge of the mould-

board from r to 2' would be also rather high, and would present unnecessary

resistance to the lower side of the slice ; both parts, therefore, require to be

reduced. The surface of the feather ft q is to be sloped down till it becomes
straight between the points ft and qy q not being more than ^ inch above the

plane of the sole, as at the dotted lines ro' z in fig. 254. The lower edge of the

mould-board is also to be rounded off, as shown by the dotted lines along the

lower edge from h to o in fig. 256. To prevent the abrasion of the edge of the

sliee in passing over the mould-board, it will also be expedient to make tho

lines from d' to w, in fig. 254, fall in, from below the line of transit upwards,

as shown by the dotted lines at d', a\ ft', u.

656. Other modifications may, if required by peculiar taste or otherwise, be

given to this form of mould-board. After the points ft p n m, &c. have been

determined upon the cylindrical surface, fig. 251 or 253, if, in cutting away
the parts above a ft, fig. 253, instead of reducing the surface to the straight lines

9 p, 8 n, 7 m, &c. wo leave the surface slightly convex upon all these lines, a

surface will be produced as represented by the dotted sectional lines at d\ a', ft',

and m, of fig. 254, and by becoming slightly either recurved above tho line of
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transit, as at 1, 2, z, in fig. 256, or with continued convexity, as in fig. 4,

Plate II., the surface so produced would deliver the slice without risk of injury

to the edge
;
which, though not of vital importance, is always an object in

the estimation of the ploughman who performs his work with taste. The
same modification would also, in the opinion of many agricultural machine-

makers, render the mould-board more efficacious in the working of stiff clay-soils.

657. Fig. 255 represents an elevation of the new mould-board, and fig. 256

IX1VATIOK OF TniORIUCAI. MOULD-BOARD.

the analytical section of the same, taken in the same manner as described for

those on Plate II., and having the same letters of reference. In the present

case, the sectional lines are all straight to the height of the line of transit x y ;

above that line and before the zero-line they are slightly concave, thoxigh this is

not imperative ; but behind the zero-line they are convex from a little below the

line of transit, as shown by the dotted portions of tho lines from 1, 2, z. The
parallelogram k y, being a section of the furrow-slice when in a vertical position,

will be seen to coincide exactly with the zero-line at yf
as it will do through

the whole passage of the slice from y to z 2.

658. Judging from the trials that have been made of this mould-board,

and from the uniform brightening of its surface after a few hours' work, it

promises to possess a very uniform resistance over its whole surface, which is a
principal object to be aimed at in the formation of this member of the plough.

659. The Mould-board Pattern.—The instructions thus given refer solely to the

formation of the theoretical surface ofthe mould-board, including that of the share;

bnt in the construction of a pattern, from which mould-boards are to be cast, the

process is somewhat different, though based on the principles above laid down.

660. In proceeding with tliis, therefore, the quadrant of the cylinder upon
which tho whole problem is grounded may or may not be prepared. If it

is to be employed, then the first process is exactly as before described in refer-

ence to the quadrant, fig. 251, which must be formed and lined as there

described ; but the same process may be pursued from lines alone, without the

intervention of the solid, and in the following manner :—Having described the

quadrant of a circle, as a b e, fig. 251, of 10 inches radius, construct the diagram
fig. 252, as before directed in par. 650, the entire length e b being 30 inches,

divided into equal parts of 3 inches each. The arc b d is then to be drawn
through the points bpnm, &c. which points, instead of being a transfer, as before

described, from the quadrant, may here be drawn at once with a beam-compass
touching the three leading points b m d, as before, which will intersect all the

divisions, converting them into ordinates, 1 f, 2 g, 3 h, &c. to the curve b d. The
length of these ordinates, from the base-line e b

y
are now to be carefully trans-
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ferrcd to the qnadrant of the circle b ct of fig. 254, and set off in the circum-

ference thereof: thus the point 6, in fig. 251, corresponds to the termination b of

the base-line in fig. 254. The first ordinate, 9 p, is to be set off on the quadrant

from b to p'; the second ordinate, 8 n, is set off from b to n'; the third, 7 m, from b

to m'; and so on through the entire quadrant of the circle. The radii a b, a p\
a n', &c. fig. 254, being now drawn, will furnish the successive angles of eleva-

tion, with the sole-plane, for each division of the length throughout the quadrant.

661. In applying these to the mould-board, it is to be observed that the first

three radii belong to the share, if it is a prolonged mould-board, or the first five if

it is truncated. The quadrant, b d', fig. 254, with its radii, being thus completely

drawn out at foil size upon a board, produce the line b a to y, and on y as a

centre, with a radius of 7 inches, describe the arc a and concentric to it the

arc d' u, from the zero-point d'. At an angle of 45° draw t u a tangent to the

arc a *, and the point of intersection of this tangent with the arc d u will fix

the extreme point ti of the mould-board at the height of the line of transit

;

which point will be 19 inches from the land-side plane b c, and 12 inches above

the plane of the sole, or base line y b. From d' lay off divisions of equal parts

on the arc d' u, each equal to 4£ inches—the diagonal of a square of 3 inches

—

which completes the lines for the fabrication of the pattern.

662. The next step in the operation is that of building a block out of which

the pattern is to be shaped. Provide

a deal-board of 3£ feet or thereby in

length, with a breadth of 10 inches ; have

it dressed of uniform thickness, and at

least one edge and end straight, and
right angled, as at a b c, fig. 257, form-

ing a basement to the block, a being

the right angle, and the continuation

of the board being hid from view

under the superimposed block. Let

the edge a c of the board be marked off

in equal divisions of 3 inches, agreeing

exactly with those of the diagram, fig.

252, marking the divisions with letters

or numerals corresponding to the radii of

the quadrant, b d\ fig. 254, the end a b ofthe board corresponding to the radius a m'

of the quadrant, and to the ordinate, 7 w, of the figs. 252 or 253. Provide also a

suit-stock or bevel of the form represented by d e f^ fig. 257, the stock d t being

a straight bar with a head-piece at e, fixed at right angles to the stock, and into

this the blade a f is to be jointed in such a manner that, when the blade and

stock are set parallel to each other, they shall just receive the thickness of the

basement-board betwixt them—the length of the blade being equal to the breadth

of the board. Five or more pieces of well-seasoned, clean, 3-inch Memel or

yellow-pine deal are now to be prepared, each about 30 inches in length, and from

6 to 4 inches in breadth. Set the bevel to the angle b a m', fig. 254, and applying

it at the end of the board, as in fig. 257, it will point out the position in which
the first block g h must be placed on the board, in order that it may fill the lines

of the pattern. The further end of the block, being set in like manner to fall

within the lines, it is to be firmly attached to the board with screw-nails. The
second block i k is to be joined to the first by the ordinary method of gluing,

being set, in the same manner as the first, to fill the lines of the pattern at both

ends, and this requires its being set obliquely to the first. The third block / m

•vjitpms or mi »: r„i t ron
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is get in like manner, and so on with n o and p q. The setting of the different,

blocks will be much facilitated by having the ends,$r i I np, cut off to the plane

of the land-side—that is, to coincide vertically with the land-side edge of the

board, and by keeping in view that the terminal line c q lies at an angle of 45°.

6(33. The block being thus prepared, the process of working it off is plain and
easily performed in this way : Having set the bevel at the angle b a m% fig. 254,

which answers to the end a b of the block, fig. 257, the bevel is applied as in

the figure, and the surplus wood is cut away to a short distance within the end
a A of the board, until the blade of the bevel lies evenly upon the surface, and
the kneed head-piece touching the edge of the board. Set the bevel now at the

angle b a fig. 254, and applying it at the first division on the edge of the board,

fig. 257, cut away the surplus wood with a gouge or other tool, in a lino parallel

to the end of the board, or at right angles to its edge, until the edge of the blade

af lie evenly on the surface, and the head of the stock touch the edge of the

board as before. Repeating this operation at each successive division with the

bevel, setting it to the corresponding angle up to the vertical or zero-lino, and
we have a series of leading lines or draughts, each occupying its tme position

in the surface of the mould-board to the height of the line of transit. By con-

tinuing these lines, each in the direction already given it, until they terminate

in the breast, or in the upper edge of the pattern, we have a corresponding

series of points now determined, in the breast and upper edge, and by removing
the surplus wood still remaining in the spaces between the lines, and reducing

the surface to coincide with them, we have the finished surface from the neck
of the share up to the zero-line.

664. To complete the afterportion of the pattern, wo have to form a temporary

bevel with a curved blade, adapted to the small arc a /, fig. 254, which blade

is prolonged in a tangent t u at the angle of 45°. With the guidance of this

bevel, its stock being still applied to the board, as in fig. 257, cut away all the

wood that occurs to interrupt it behind the zero-line, until it applies every-

i where behind that line without obstruction. At the third division, beyond the

aero-line, the pattern may bo cut off in a right vertical, though this is not

imperative, as the mould-board may be made considerably longer, and even a
little shorter, without at all affecting its operation. At whatever distance in

length its terminal edgo may be fixed, that portion of the line of transit which
lies between the zero-line and the terminus must leave the original curve b m rf,

fig. 252, at a tangent, and it will reach the terminus as such, or it will gradually

fall into a re-entering curve, according as the terminus is fixed noarer to or

farther from the zero-line ; the terminus of the line of transit being always 19

inches distant from the land-side plane. That portion of the surface which now
remains unfinished between the arcs a t and <f «, fig. 254, is to be worked off

in tangents, applied vertically to the arc a and terminating in that part of

the line of transit that lies between d' and m. Such portions of the interior

cylindrical surface as may have been formed under tho application of the tem-

porary bevel to the arc a t, are now to be also cut away by a line passing

through the junction of the tangents t a', / b', t u, with the cylindrical arc a /,

forming a curved termination in the lower part behind—as seen in fig. 256 from

y to z—which completes the surface as proposed.

665. The modifications formerly pointed out, paragraphs 654, 655, 656, may now
be made upon the lower and the upper parts of the pattern. The breast-curve

and the form of the upper edge will now have assumed their proper curvature

;

and there only remains to have the whole pattern reduced to its due thicknesses.

This, in the fore part, is usually about £ inch, increasing backward below to
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about 1 inch, and the whole becoming gradually thinner towards the top edge,

where it may be inch. The perpendicular height behind is usually about

12 inches, and at the fore part 14 inches.

666. Howard's Patent P. P. Plough.—Having thus described the best known,
and what we consider the most useful of Scotch or swing ploughs, we shall

now direct attention to the construction and arrangement of their rival imple-

ment, the English or wheel plough, selecting for illustration and description

that form so well, and, we may say, favourably known, as " Howard's Patent

P. P. Plough." This plough is shown in elevation and plan in Plate III. We
have prepared these drawings on the same principle as adopted in the Scotch

ploughs, giving a zero-lino from which to compute measurements, and to

institute comparative observations. The zero-line in the elevation, fig. 1, Plate

III., is taken at a part where the width of the mould-board, at a height of

9£ inches from the base-line, is also 9^ inches from the line of the land-side of

the body. It should here bo noted that, as the mould-board of this plough,

unlike that of many others, has a lateral adjustment, the zero-line is liable to

be changed in position in proportion to the change of mould-board. This
change of position of the zero-lino does not, however, affect that of the various

parts—and their dimensions—of the plough.

667. Tho plough may be generally described as being constructed with a
beam a 6, Plato III., and two stilts c c. These are forged in one piece, and
are bolted to the cast-iron body d; this carries the breast or mould-board the

share or sock /, and the slade or solo g. Tho coulter A, the skim-coulter i, the

land-side and furrow-wheel j and £, and the bridle I, are fixed to the beam in

tho manner hereafter to bo described. The bridle / supports the draught-chain

m m, the fast extremity of which is attached to the beam near tho coulter. The
following is a detailed description of the construction of tho principal parts.

668. Before describing the details of Howard's plough, it may be interesting

to compare tho contour of the upper line in relation to die base-line of the best

English plough with that of the best Scotch plough—the East-Ix>tliian. On
the zero-line, fig. 1, Plato III., the height of Howard's plough above the base

line is 1 foot l£ inch. At a foot distance from the zero-point, towards the stilts,

the height is 1 foot 4f inches ; at two feet, it is 1 foot 11 inches; at three feet,

2 feet 6j inches ; at four feet, 2 feet 10 inches, and at five feet at the handle of the

stilts also 2 feet 10 inches. Counting one foot from the zero-point towards the

beam, the height is 1 foot 3^ inches ; at two feet, at the coulter-head, 1 foot

10 inches; at three feet, in front of the skim-coulter, it is 1 foot 10$ inches;

at four feet, at tho land-wheel, it is 1 foot 10^ inches, and at five feet it is 1 foot

ll£ inches. Tho length of the plough from the zero-point to the end of the

stilts is 5 feet 3£ inches, and from the zero-point to the point of the bridle, 5

feet 6 inches, the entire length being 10 feet 9^ inches. The comparison will

be most easily made by contrasting Plate III. with Plate I.

669. The Beam.—The beam, a 6, Plato III., is simpler in construction

than in tho Scotch ploughs, inasmuch as a coulter-box is dispensed with. This
allows it to be made quite plain; the only exceptions to this being at the

points where two small ears or snags n o, fig. 2, are provided, on which
to support tho two wheels j and £, and where the end is forked to support the

bridle /. The exact length of the beam a h is 5 feet 6 inches, extending
from the zero-lino to the outside of the segmental ends at the bridle. In the

plan the land-side of tho beam is 1 \ inches witlun or toward the furrow-side

of tho lino of solo at o ; from this point it runs straight to where it is forked for

the bridle, this point being coincident with the solo-line. The dimensions of
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the beam are as follows : at o, 2 inches deep ; at the coulter, 2$ inches ; and
at the joint of the bridle, 2^ inches deep ; the thickness at tlieso points being
the same—namely, £ of an inch.

670. The Sttlts.—These, c c, fig. 2, Plato III., at their junction at the zero-

line with the beam, open out quickly to a width of 4 inches ; this affords space to

place a tin box p with hinged cover, useful to hold any extra materials required

during tho working of the plough. From this point the stilts gradually widen
to the extreme ends, where tho distance from centre to centre is 2 feet 1 inch,

the length of the stilts from the zero-line being 5 feet 3£ inches : of this dis-

tance 7^ inches are taken up by the wooden handles q r, through which the

reduced extremities of the stilts pass. Unliko tho East-Lothiah plough in

Plate I., where the little stilt or right-hand one alone branches out, the width

between the two stilts of Howard's plough increases equally on both sides of

the centre-line of the beam. They are braced and connected together by three

stretchers «<u, and one bow v v. The dimensions of the stilts are as follows

:

at bottom, where they join tho beam at zero-Hue, 1^ inches deep and $ inch

thick, tapering off to where they join the wooden handles, to 1^ inches deep,

and $ of an inch thick.

671. The Body is shown in detail in figs. 258 and 259, of which the fig. 258

PliS INI) XLIVATION OF 0ODT Or flOWlWi M.OCOT1—«CAC«. 1 t»ca TO TBI FOOT.

is an elevation, and fig. 259 a plan, partly in section. The upper edge has a

cheek a 6, fig. 258, to receive the beam, which is secured by three bolts, as

shown by the bolt-holes in the cut. At bottom the body extends in front of

the zero-line 2 feet, and 1 inch behind it. The sole or slade, c, is fixed to the

under-side of the body by two bolts, one of which is shown by dotted lines in

fig. 258 ; it covers, as usual, a portion of the land-side of the body. The depth

of the sole is 2 inches ; this increases, however, to inches near the front
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end, decreasing again, along with the body, to 2^ inches at the front, as shown
by the dotted lines in fig. 258. The length of the sole is greater than that of
the body, being 2 foet 7 inches. The thickness of the lower flange at the front

end is § of an inch, and at the back f of an inch. The front of the body at d, for

about 7 inches in length, is made 2^ to 2J inches broad ; the upper side being-

twisted to fit the curve of the mould-board, and the lower side hollowed. This
hollow recess receives and supports the bar e. This bar, which carries the share,

is of wrought-iron, \\ inches deep and $ of an iuch thick on the body. It is

provided with a tapered point, grooved in tho upper side, which fits into the
socket of the share, the construction of which will be hereafter described.

Immediately behind this tapered point, the bar e is provided with small curved
projections, one on each side ; these fit into and rest in corresponding recesses

made in tho hollow point of the part d of the body. These afford joints or
fulcra in which tho bar e is supported, and by which a vertical adjustment,

through a small space, can be given to it. The other end of the bar c is

furnished with a screwed bolt, which passes through a slot formed by a recess

in the head, and a small bracket/ bolted on in front. The back edges of the

head at this point and of the bracket/ are provided with a number of transverse

notches, or angular indentations ; these fit into similar notches on the edge of
a block or washer g. The screwed end of the bar e is passed through this

washer g}
and the nut k tightens against it. These notches tend to keep the

washer g firmly fixed in any desired position when tho nut m is screwed up.

Immediately above and parallel with the bar e, a small rod h is placed ; the

upper extremity of this is formed into a screw-bolt, and passes through the

washer gy
and is provided with a nut, as shown in fig. 258. The lower extremity

is turned up at right angles, as shown at t in fig. 258, and m in 259, and rests

in tho groove fig. 258, and I of tho tapered point of tho bar e, fig. 259. The
office of this rod A, fig. 259, is to fix the share, the point t passing through a

hole made on the top of the share. As the rod h is tightened up by the nut at

its upper end, it draws the share tightly to its seat on the bar e. The share may
be raised at tho point or lowered as desired, by the vertical adjustment of the

bar c, formerly described. The land-side of tho body is only partially covered

in by a plate o, fig. 259, 6 inches deep, supported in a simple manner by two
small hooks at bottom, wliich catch on the upper edge of the sole c, fig. 258,

and are secured at top by a pin passed through an eye formed in the inside of

the body, and another in the side-plate.

672. The Mould-board, e, Plate III.—Tins is made either of cast-iron or of
steel-plate. The extreme longth is 3 feet 5 inches, and its greatest height

1 foot 1 inch. Unlike the mould-board of the Scotch ploughs, it does not cover
in the whole of the front edge of body up to tho beam

;
but, as is commonly

done in English ploughs, it is curved on the front edge by a lino approximating
in outline to that described by the furrow-slice in its passage along the face of

tho mould-board, as in fig. 5, Plato II. The mould-board is fixed to the head by
a bolt at its point

;
by a second bolt «j, fig. 2, Plate III., one end of which is con-

nected with a small angled bracket near the middle, and the other with the

bracket/, fig. 258, on the body; a third boltx, fig. 2, Plate III., near the back end,

connecting it with a wrought-iron stay supported by the right-hand stilt. The
bolt which attaches the point of the mould-board to the head, serves as a joint on
which the mould-board turns, when its width behind is required to be altered.

To allow of this movement the other bolts w x have adjustments in their sup-

ports. The lower edge of tho mould-board is furnished with a cast-iron strap

called a rest, 1 foot 3 inches in length. As the principal wear takes place
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at this part, it is attached by two bolts, this admitting of its removal when

c»r*iln or »oci or rowud'* it-ottob—
bcalz, 1 inch to 1 root.

Fig. 2C3.

673. The Sock or Share,/, Plate III., is made either of cast or wrought iron.

Cast-iron, however, is most frequently used
;

and being run into a metal-mould or chill, the

sock is rendered extremely hard. In fig.

260 we give a plan, and in fig. 261 an end
view of the cast-iron share. Its length and
extreme breadth are equal, being inches,

its thickness varying from $ of an inch at

the land-side to £ of an inch at the cutting

edge. The under-side is provided with a box
or socket to fit the point of the bar e,

fig. 258.

674. The Coulter, h, Plate III.—Of the coulter we give in fig. 262 an ele-

vation, and in figs. 263 and 264 details of the fixtures. The cutting part of the

coulter is 1 foot 3 inches

in length, in the breadth

2£ inches ; it is £ of an

inch thick at the back, and
is thinned away to the

front in a cutting edge.

It is fixed to the beam by
a rounded stem, the length

of which is 1 foot 2 inches,

and its diameter 1§ or l£

inches. Unlike the coul-

ters of the majority of

other ploughs, this one is

not fixed rigidly to any
particular angle with the

sole-line, but can be varied

in position within a range

of 5 inches, by moving its

supports along the beam.

To the land-side of the

beam, at the point where
the coulter is attached, a

half-round rib a, figs. 262,

263, 5^ inches long, is

fixed. The stem of the

coulter is driven forcibly in contact with this rib, which forms the fulcrum on

which the coulter moves laterally when required, by two eye-bolts c c, fig.

263, one of which is shown detached in fig. 264, a being the aperture through

which the coulter stem passes, b the nut. One of those eye-bolts is placed

above and the other below the beam, their screwed ends passing through a

plate e, fig. 263, in the opposite side of the beam ; which plate is provided

with knees above and below, and is notched to embrace the coulter. When
thiB plate is tightened up by the nuts b b, the parts are all firmly bound
together. The office of the plate is to steady the coulter, and prevent its lower

point being forced back when the implement is at work. Near the front edge of

the upper knee of the plate e, a screw d passes through it, and, resting on the

ukt»il« or cocltbb or howard'b n otion—scali. 1 iMOfl 10 ia« rcor
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beam, keeps the coulter firm. Perfect adjustment of the cutting edge of the
coulter to the furrow - slice is attained by the round stem with which it is

provided.

675. The Drag-chain, y, fig. 1, Plate III.—To the back edge of the blade of

tho coulter a light chain, termed the drag-chain, is attached. Its length is 2 feet

3 inches, and it is provided with a small weight or roller at its outer extremity.

It lies across the furrow-slice while it is being turned over, and its office is to

drag off all grass, stubble, &c. from the edge of the slice, and to bury them
underneath, thus preventing all vegetation in the hollows. This arrangement
finishes the work performed by the plough in such a way as to present to the
eye nothing but the freshly-cut surfaces.

676. The Skim-coulter, i, Plate III—The drag-chain just described acts

most properly in conjunction with the skim-coulter i. This skim-coulter is in

fact a miniature plougli, set at a short distance in front of the principal coulter,

and its office is to pare off the top of the furrow-slice before it is turned over, when
lea or stubble is ploughing. By this arrangement the grass and stubble are

cut away, to prevent them being seen when the ploughing is completed, and are

buried by the action of the drag-chain, as already oxplained. The skim-coulter

consists of a small mould-board and share, supported by a stem l£ inches broad
and £ inch thick. It is attached to the land-side of the beam by a wrought-iron

strap z
y
having screwed tails, which pass through a plate on the opposite Bide of

the beam. The lower tail has a screw which jams against the beam, and keeps
the skim-coulter steady. The skim-coultor is not a foaturo peculiar to Howard's
plough alone, but has long been in use in other forms of English implements.

677. The Land-wheel.—The land-wheel, j, Plate III., for regulating the depth
of the furrow-slice, is attached to the beam in advance of the skim-coulter.

Tho diameter of the wheel, which is of cast-iron, is 13 inches, tho breadth of

rim being | of an inch. Its axlo has its bearing in a light stem o, 1 foot 7 inches

long, and $ of an inch square, tho upper end of which passes through the square

eye of an eye-bolt attached to the land-side of the beam. The office of this

eye-bolt is to draw the stem against two notched ears or snags projecting

from the upper and lower edges of the beam, ono of which is shown at n, fig. 2,

fixing the wheel at any required height. To keep the axle of the wheel clear

of earth, weeds, &c, both ends are protected by light cast-iron shields or

covers ; tho periphery of the wheel is kept clear of adhering soil by means of a
light scraper which has an attachment at the top of the stem o.

678. The Furrow-wheel, k, Plate III., which regulates the breadth of the

furrow-slice, is placed about 8 inches in advance of the land-wheel, and is

attached by a vertical stem o, fig. 1, to the beam in a similar manner. Unlike
the land-wheel, which, as it regulates depth, has only a vertical adjustment, the

furrow-wheel has to regulate breadth, and has therefore two adjustments, verti-

cal and horizontal. To provide for tho horizontal adjustment, tho axle has a
square tail p, fig. 2, which slides longitudinally in, and is secured by an eye-

bolt attached to the foot of the vertical stem. The diameter of the wheel is

1 foot 9 inches, the breadth being £ of an inch. A scraper for the rim, and
covers for the ends of tho axles, are provided for this as for the land-wheel.

679. Chain-rod, m m, fig. 1, Plate III.—Tho plough is drawn by a chain-rod

\ an inch in diameter, attached by a shackle to tho beam near the body. A
vertical bar, 9 inches long, 1 inch broad, and § of an inch thick, is provided

with an eye at its lower end, through which tho chain-rod passes. This bar is

fixed near the point of the beam, and is adjusted to any required height by an
eye-bolt and nut I, fig. 1, in front of the bridle.
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680. The Bridle, 1 f, fig. 2, Plato III.—The bridle consists of a light doubled

iron strap, about 12 inches long. The links, in thickness \ of an inch, embrace

the beam abovo and below, and turn on a vertical pin in the beam. The end

of the beam, from this joint-pin forward, is reduced in depth both abovo and
below to receive the bridle ; the two light segmental plates are riveted to the

forked ends. These plates are pierced with a number of holes, and as a hole

is made to correspond in the bridle, a light pin dropped through all keeps the

bridle and the drawing chain in any required position nearer to or farther from

the land.

681. In Plate II. we give analytical sections of the mould-board of Howard's
plough, fig. 5 being a side-elevation, and fig. 6 a fore-end view. Fig 5 is a

geometrical elevation in a plane parallel to the land-side of the mould-board, I m
being the base line. The perpendicular lines of division commencing at o o,

the zero, and extending right and left, are the lines of section corresponding

to those of the East -Lothian plough mould -board, fig. 1, Plate II., and

described in par. 639. The line of transit of the furrow-slice is represented by
the dotted line x y z. Fig. 6 is a front view of the elevation corresponding to

fig. 5 ; m i is the base line of the plough, g i is tho land-side of the plane

in a vertical position ; i is the place of tho point of the share, and k h the

line of junction between the neck of the share and the mould - board ; the

remaining lines beyond k h exhibit tho outlines of all the sections taken by
the parallel ruler, fig. 250, in reference to the lines in fig. 5. Thus o o g g is

the entire body of the plough forward in the plane of the zero line, o y o being

the outline of the mould-board at this section, and y the zero point ; a agg tho

first section forwards from the zero line, and so of all the other lines to g g. In

like manner o o 1 1 is the first section backwards from the zero line, and so of all

the other lines to 5, 5. The entire series of lines backward and forward from

zero o o form a series of profiles of the mould-board, supposing it to be cut

vertically by planes at right angles on the land-side of the plough. The
dotted lines i y represent tho passage of the furrow-slice from its first motion

from the fulcrum I to its perpendicular position in lyn m; and m szr represent

a transverse section of the same furrow-slice in its progress to be finally deposited

by the mould-board. The line of transit of tho furrow-shco is tho dotted lino

x y z, corresponding to tho dotted lino x y z in fig. 5.

682. Trench and Subsoil Ploughs.— Since the general draining of tho soil

received the assent of the agricultural community, deep ploughing has presented

itself to the attention of the farmer in a favourable light. Various forms of

implements have been devised to descend as far into the soil as to stir tho

subsoil effectually, and they have obtained the name of subsoil and trench

ploughs, according as they affect the subsoil. The subsoil-ploughs stir tho

subsoil lying under the active soil, without afTecting their relative positions,

whereas the trench-ploughs bring up more or less of the subsoil over tho

active soil of the surface.

683. In the subsoil ploughs formerly in use it is more than probable that

the furrow-slice was uneven, both in the direction of the length of the furrow

and in the relation which the sole of one furrow bears to that of another. It is

evident that, if the furrow-sole in its length is undulating, and that one furrow-

sole, in its breadtli, is higher and lower than the contiguous ones, the plane of

the furrow-sole across the ridges will bo so irregular that the water, descending

the inclination of the ground, will be. interrupted in its progress to the drains.

To give the plane of the sole a uniform depth, it is only necessary to introduce

wheels upon the beam of the subsoil ploughs, wliich will cause its furrow-sole
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to preserve a parallelism with the furrow-sole left by the preceding common
plough. This obvious means of steadying the action of the subsoil plough

was introduced into a subsoil-plough invented by Mr Road, which is represented

in fig. 265 as improved by Mr Slight, and where the alteration converted the

» KiAu'a bcuboil ixut:au, as rui'ujviD »j «b luost.

plough into the form of a grubber. The implement consists of a malleable-iron

beam b /, to which at one end, /, are attached two handles a. To the other

end is welded an iron slot, b, placed perpendicularly, and punched with holes,

into any one of which the bridle g may be fastened by meanB of a bolt and
cotrel. The bridle g is winged to the land-side, in order that the two or four

horses which are employed to draw the plough may walk upon the hard ground ;

and to sustain their lateral draught, one end of a chain is fixed to the extre-

mity of the wing of the bridle carrying the draught-hook, and the other is

attached to the boam at h. The wheels d and c, coupled in pairs on axles, are

attached to shanks winch pass through boxes in the beam, the same as the

coulter-head in the common plough. The shank of the double-feathered share

e is affixed in the same manner as the wheels to the beam. The dotted line

below the wheels c d shows the lino of tho furrow-sole made by the plough

which preceded this implement in the work of subsoiling ; and it should never

be less than 8 or 9 inches below the surface of the ground. The dotted line e i

behind the share e shows its line of motion, and tho distance between these

lines is regulated by the depth given to the axles of the wheels c and d below
tho beam b f, which may vary from 6 to 9 inches. The beam resting on the

two pairs of wheels c and rf, and the plougliman in the bottom of the furrow

made by the preceding plough, with a hold of the handles a, afford so steady a

motion to tho share e that it may be regarded as uniform, and its work will be
much better performed than by tho older subsoil-ploughs.

684. In 1849 the Marquess of Tweeddale effected an important improvement
on Read's subsoil-plough, that, while its useful form was retained, its action was
altered from a simple subsoiler, which merely stirs the subsoil and leaves it

where it found it, to a trenching subsoiler, which effects a mixture of the sub-

soil with a portion of the surface-soil. The implement is represented in Plate V.,

by which it will be seen that the beam and stilts of the implement are preserved

exactly according to Read's form, as improved by Mr Slight, and the important

alteration is exhibited in the share and its appendages. These consist of the

share fg, with its tail-board or elevator h k, attached to a shank e e passing
tlirough a mortise d in the beam a b. The shank e e is a bar of the best scrap-

iron, and at bottom is forged with a club end, fitted to receive the attachment
of the body of the share fg by welding or by riveting ; and to the hind part

of the share the tail-board h h is strongly fixed by bolts.
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685. The Tweeddale subsoil trench-plough having a share 14 inches in width,

a common plough is inadequate to go before it, to open a sufficient furrow for

its passage. Lord Tweeddale supplied the want by the true philosophical mode
of induction, with numerous and untiring experiments on a large scale. By
these he constructed a plough having its mould-board formed upon a new
system of bines and of dimensions that render the plough capable of taking a

furrow-slice 12 inches wide and 13 inches deep in the most effective manner. This

plough, named the " Tweeddale Plough," leaves a clean and flat-soled furrow;

but the furrow-slice taken by it, in place of being turned over in an entire form,

in the manner effected by our fine-working ploughs, is only so far turned, and
at the same time broken up, as serves to present the soil in the best possible

state to the ameliorating effects of atmospheric influences. In this respect the

plough seems to stand unrivalled ; and since the extinction of the old Scottish

wooden plough, no implement has approached the point to which this has

attained, for enlarging the extent of surface exposed to the atmosphere.

686. The Tweeddale Plough.—The Tweeddale plough is represented in eleva-

tion in fig. 1, and in plan, fig. 2, Plate IV. The principal details of construc-

tion are given in figs. 266, 267, and 268, these being drawn to a scale of 1

inch to the foot Fig. 266 is an elevation of the body, with the mould-board

and right-hand stilt removed
;

fig. 267 a front elevation of the cast-iron head,

&c. ; and fig. 268 an elovation of the land-side of the body. The material

of which the beam, stilts, and part of the body are constructed, is either ash

or oak, selected so that the natural curve of the wood will coincide as nearly

as possible with the finished form of the parts. Wood was preferred to iron,

partly on account of its stiffness, but chiefly on account of its elasticity, recover-

ing its form quickly even after a severe strain. The head, solo, side-plates,

and mould-board, are of cast-iron; the sock, coulter, bridle, and some minor

parts, of wrought-iron.

687. The beam, a a, fig. 266, supports the framework ofthe body as follows :

The head b is provided with a tenon at its upper extremities, which passes

through a mortise made in the beam, and is secured thereto by the two bolts

as shown. These bolts serve also to strengthen the beam, and prevent its

splitting when subjected to any severe twisting Rtrain. The connection of the

head to the beam is further secured by an iron strap c, bolted on to the

face of the head at e, and passing upwards through the beam in front of the

mortise, a nut on the upper edge of the beam being used to tighten the strap

to required. To support and fix the front part of the mould-board, a blocking
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of wood, shown by the dotted lines a a in fig. 267, is secured to the face or

mould-board sido of the head by strong wooden pins passing through holes in

the caBt-iron head. To enable the stilts to be easily fitted to them, this block-

ing and the lunder edge of the head are flush with one another.

688. The left-hand stilt, g g, tig. 266, is connected to the beam by a shallow

mortise-and-tenon joint, and secured by a bolt h. The line of the land-side of

the beam and stilt is made slightly to the right of the line of the sole, as shown
in fig. 2, Plate IV. Packing-pieces, i and jj, fig. 266, of the same thickness

of the stilt, are nailed to its under-side, and to receive the sole-shoe, are

finished level with the under-side of the head b. To strengthen the frame-

work of the body, a bolt, shown in dotted lines at it, passes upwards from the

lower packing j* j*, and is tightened by a nut at top / ; the upper end of this bolt

passing through the eye of the stay-rod m, which connects the upper part of

the stilt and beam, as shown by e of fig. 1, Plate IV. This arrangement adds
materially to the security of the stilt.

689. The right-hand stilt, d f, fig. 2, Plate IV., is fixed to the bottom of the

left-hand stilt, and to the packing-piece j j, fig. 266, attached to the head, by
bevelling ofF its inner side and end, the two stilts being secured together partly

by nailing, and partly by a strong wooden pin passed through both near the bot-

tom. Their uppor extremities near the handles are connected together by a

single stretcher of iron, as shown in fig. 2, Plate IV. To the face of the right-

hand stilt, wood-blockings /—shown in the plan, fig. 2, Plate IV.—are nailed
;

these assist in supporting and fixing the mould-board. After the frame-work
is put together, to enable the mould-board to lie perfectly solid and in its

exact position, with the front edge resting firmly on the enlarged end of the

head, these blocking-pieces, and the packing-piece j j, fig. 266, attached to the

head, are cut away, till the exact adjustment is obtained.

690. To enable the beam to resist the great strains to which it is subjected,

a plate of iron is secured by nails driven in at short intervals along the whole
length of its under-side. The cross section of this plate being curved, so as to

fit the rounded lower edge of the beam, considerable stiffness is attained with
little weight of material. To secure this plate at the end of the beam, a
stout rivet passes through both ; this also prevents the splitting of the beam
at this point, a tendency to splitting being created by the oblique action of

the bridle.

691. The mould-hoard, j j, Plato IV., is fixed near its front edge to the

packing-piece jj, fig. 266, attached to the head, by three nails driven through
countersunk holes made in the mould-board, and through coincident holes in

the packing-piece. A little behind the centre of the mould-board a countersunk
bolt-hole is provided

;
through this, and through the right-hand stilt and its

blockings / a bolt passes, and is tightened up by a nut inside the stilt. This
second attachment of the mould-board serves to stiffen the framework by
connecting, through the intervention of the mould-board, the right-hand stilt

with the head.

692. The coulter, i, fig. 1, Plato IV., is fixed by wedges in a mortise made in

the beam, and is supported below by the strengthening plate which passes
along its under-side, and above by another plate of iron, in which the aperture

is made slightly longer than the head of the coulter. To give strength

and depth to this plate to hold the wedges, the hole is thickened round its

edges.

693. The sock or share, e, Plate IV., is similar in construction to that of

the East-Lothian plough, illustrated in figs. 227 to 231 inclusive. To meet
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the greater strain to which it is subjected, it is, however, made largor and
stronger.

694. The bridle, k *, fig. 2, Plate IV., is also similar to that of the East-

Lothian plough, figs. 238 and 239, but stronger, to resist the greater strain

to which it is subjected. The width between the sides is also greater, the

beam being of wood in place of iron, and consequently thicker. It is secured

by two bolts passing through the beam, one of which forms a joint or centre

on which the bridle turns when the line of draught is to be raised or lowered.

The other bolt passes through one of the pairs of holes m the segmental ends

of the bridle, and secures it in the required position. To prevent the chafing

of the wood of the beam by the action of these bolts, small iron plates are sunk

flush with the surface into the beam in each side near the holes.

695. The land-side of the body, fig. 268, up to the lower edge of the beam
Fig. 268.

UM9 #IM Or TH> BOOT or TBI TWSSCOAX.B FLOCOH—IIUU, 1 IMCH TO TBI FOOT.

a o, is covered in by the sole-shoe b o, and two cast-iron plates c c and
d d, fixed by countersunk nails to the left-hand stilt, and to the wooden pins

which pass through the head. Above these a thin sheet of iron is nailed on
to protect the beam at a a.

696. The general dimensions of the plough are given in Plate IV., the figures

of which are constructed on the same principle as those of the other ploughs we
have selected for illustration. Tho perpendicular lines, and the dimensions

marked at each, indicate the height to the upper side of the beam and stilt at

every 12 inches on either side of the zero-line. This line is taken at the

point where the width of the mould-board is 14 inches from the land-side.

697. The beam extends forwards from the zero-line 5 feet 2^ inches from a
to b, and backward from a to c 1 foot 7^ inches, giving a total length of 6 feet

10^ inches. The stilts extend backwards from the zero-line a to d 6 feet 5^
inches, so that the length from the end of the stilts d to the front of the beam
at b is 11 feet 8£ inches. The obliquity of the line of the beam and stilt to

the land-side of the sole amounts to 2 inches at the point of the beam at b to the

right or furrow side of the sole-line, and at the extreme end of the stilt at d
it amounts to the left of the furrow-side of the line to

1
J inch.

698. The depth of the beam at the point where the head, fig. 268, is inserted

at a is 5 inches, the breadth or thickness being 4 inches ; these dimensions

gradually tapering to the point at 6, fig. 1, Plate IV., to 3£ inches deep and
3 inches thick. The under-side is rounded a little, the corners of the upper
ride being bevelled or splayed off on each side of the centre line.
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699. The depth of the left-hand stilt at its insertion in the body is 4 inches,

the thickness being 3 inches, those at the right-hand stilt at the same point

being 3} inches by 2£ inches. Both of the stilts taper off to If inches deep and

1J inches thick at the upper ends d rf, fig. 2, Plate IV. They are each dressed

off to an oval section behind the body, not pointed above.

700. The point e, figs. 1 and 2, Plate IV., of the sock is 3 feet in front of the

zero-line, and the back end /of the sole-shoe 6 inches behind, making the total

length of the sole 3 feet 6 inches.

701. The lower part of the coulter i is 3 inches broad and } of an inch thick at

the back, and thinned off to the front edge. Where the coulter is fixed to the

beam, the upper part is 2£ inches broad and f of an inch thick.

702. The front edge g of the mould-board under the beam is 1 foot 2\ inches

in front of the zero-Line, and at bottom 1 foot 8£ inches. The upper edge A

extends backwards from the zero-line 1 foot, the height at this point being 1 foot

5£ inches. The width from the land-side is 1 foot 6J inches, increasing a little

below the top edge to 1 foot 8J inches.

703. The analytical section of the mould-board of this plough is given in figs. 7

and 8, Plate II. Fig. 7 is a geometrical elevation in a plane parallel to the land-

side ofthe mould-board, I m being the base-line. The perpendicular lines of divi-

sion, commencing from the lines o o the zero, and extending right and left, are the

lines of section corresponding to those already described in the East-Lothian

plough at figs. 1 and 2 of Plate II. and par. 639. Fig. 8 is a front view of the

elevation of the Tweeddale plough corresponding to fig. 7
; q I is the base-line of

the plough, flia the land-side plane in a vertical position ; b is the place of the

point of the share, and 1 1 the line of junction between the neck of the share

and the mould-board ; the remaining lines beyond i e exhibit the outline of all

the sections taken by the parallel ruler, fig. 250, in reference to the lines in fig. 7.

Thus, ooflia the section of the entire body of the plough forwards in the plane

of the zero-line, oyo being the outline of the mould-board at this section, and y

the zero-point ; a afl the first section forwards from the zero-line, and so of

all the other lines to ft. In like manner o o 11 is the first section backwards

from the zero, and so of the other lines to 3, 3. The entire series of lines back-

ward and forward, from zero o o, form a series of profiles of the mould-board,

supposing it is to be cut vertically by planes at right angles to the land-side of

the plough. The dotted line / y represents the passage of the furrow-slice, from

its first motion upon the fulcrum A to its perpendicular position in r yj q ;
and

q k z to represents a transverse section of the same furrow-slice as finally

deposited by the mould-board. The dotted line x y z is the line of transit of

the furrow-slice corresponding to the dotted line xy z in fig. 7.

704. On comparing the action of the mould-board of the rectangular-furrow

plough, the East-Lothian, the high-crested furrow plough, the Lanaricshire,

Howard's English, and the Tweeddale plough, upon the last position of the

furrow-slice, it will be observed that the mould-board of the East-Lothian,

from 3 to 2, fig. 2, Plato II., presses upon almost the entire side z s of the forrovr-

slice k s z n, thereby compressing the soil, while the furrow-slice is laid over at

an angle of 45°. The mould-board £ 2, 1 of the Lanarkshire plough, fig. 4,

presses Btili more upon the side z t of the furrow-slice k t z r, which is only

laid over at an angle of 40°, thereby flattening and compressing the slice at the

same time. The mould-board 5, o, of Howard's plough, fig. 6, merely presses on

the angle s of the furrow-slice m a z r, which is laid over at about the angle of

44°, thereby leaving the furrow-slice a little compressed on the lower edge.

The mould-board of the Tweeddale plough 3, 3, fig. 8, just rubs off the projecting
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angle np k of the farrow-slice q k z m, which is laid over at an angle of 45°,

thereby compressing the furrow-slice scarcely at all.

705. The extreme length of the mould-board of the East-Lothian plough, fig. 1,

Plate II., is 1 foot 10 inches ; that of the Lanarkshire plough, 2 feet 2£ inches;

that of Howard's English P. P. plough, 3 feet 5J inches ; and that of the Tweed-
dale plough, 2 feet 8 inches.

706. The measurements ofthe height of the upper line of the Tweeddale plough,

fig. 1, Plate IV., above the base-line, are as follow : At the zero-line it is

1 foot 4$ inches ; at 1 foot forward from the zero-line it is 1 foot 7J inches

;

at 2 feet, at the coulter-box, it is 1 foot 11 inches; at 3 feet it is 1 foot 11j
inches ; at 4 feet, at the segmental end of the bridle, it is 1 foot 9£ inches

;

and at 5 feet, near the joint of the beam, it is 1 foot 7 inches. At 1 foot

backward from the zero-line, the height is 1 foot 3} inches ; at 2 feet it is

1 foot 4£ inches ; at 3 feet it is 1 foot 8f inches ; at 4 feet it is 2 feet If inches
;

at 5 feet it is 2 feet 7j inches ; and at 6 feet, near the end of the stilts, it is

3 feet ^ inch.

707. The Tweeddale Subsoil-Trench -Plough.—We now come to describe the

Tweeddale subsoil-trench-plough, the elevation of which we give in fig. 1,

Plate V., fig. 2 being a plan. The plough is constructed entirely of iron

—

with the exception of the handles—having a straight beam a b and a pair of

stilts e c. The sock / g, which is supported by the stem e c, in a mortise d
near the back end of the beam, consists of a broad triangular plateffgy

fig. 2,

with steel wings or cutters //at the side. A plate h A, which is called the

tail-board or elevator, is fixed to the back of the sock, and slopes upward. A
bridle i i is provided at the end of the beam to allow of the adjustment of the

line of draught towards the right or left, the vertical adjustment being obtained

by the wheels jj attached to the beam a short distance from the extremity.

The depth to which the sock penetrates is regulated by raising or lowering
these wheels.

708. The following are the dimensions of the principal parts of the plough

:

The extreme length of the beam over all is 7 feet 4 inches ; the length from the

centre of the draught-bolt r to the front of the coulter or sock stem e e being 5 feet

2 inches. At the coulter-mortise d, fig. 1, where the thickness is 1£ inches, the

depth of the beam is 4 inches, tapering gradually to the extremity to 2J inches,

the thickness at this point being J of an inch. To admit of the coulter-

mortise, the part of the beam surrounding it suddenly swells out to a thickness

of 3 inches, and a depth of 5 inches, the dimensions of the mortise being

4J by lj inches. Immediately behind this part the beam is reduced, and
tapers to the back extremity, where the depth is 2 inches and the thickness £
of an inch.

709. The stilts c c, fig. 2, are attached to the beam behind the coulter-mortise

by two bolts, the distance between which is 11 inches. The bolt near the end of

the beam passes through two tubes or distance-pieces, which fill up the spaces

J I between the beam and the stilts. The stilts behind these distance-pieces are

connected and stiffened by two stretchers m and n, and a bow o o, the ends
being finished off with wooden handles pp in the usual manner. Not including

the handles, the extreme length of the stilts in a horizontal direction is 5 feet,

the extreme length from the draught-bolt r over the wooden handles being 1 1 feet

8 inches. At the lower end of the stilts the thickness of the iron is J of an inch,

the depth being 2J inches, these dimensions decreasing at the point near the

handle-sockets to a depth of 1} inches, and a thickness of £ an inch. From
the under-side of the sole the height of the front of the beam is 1 foot 2 inches,
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at the point above the coulter-mortise it is 1 foot, and to the top of the handles

3 feet.

710. In fig. 269 we give an elevation; in fig. 270 a plan of the under-side
;

and in fig. 27 1 a cross section at the widest part of the sock of the plough. The

f=3\

sock is made of a plate ^ an inch thick, l£ inches broad at the point a, fig. 270,

12 inches broad at b c, and reduced suddenly at the point d to 8 inches. The
length from a to b or c is 1 foot 10 inches or 2 feet. Along the under-side of the

edges a rib is forged, and steeled below to the length of 10 or 12 inches from the

point, the remainder of the length being checked to receive the movable steel

cutters e e. These are 3 inches broad and \ an inch thick, and are secured to

the edges of the sock by rivets as shown. The total depth of the body thus

formed is If inches, but it is thinned down at the point to \ of an inch.

711. The tail-board or elevator /, fig. 270, extends behind b and c 1 foot 8

inches ; it is provided at its lower extremity with a plate riveted on its under-

side, this plate being connected to the back end of the sock by three screws, as

shown in the figure. The angle at which the tail-board is fixed is such as to

make the upper extremity e 8 inches above the level of the point of the sock

;

the solo of the sock, as will be observed from fig. 269, being also inclined

upwards 1^ inches from a to b. The length of the tail-board //, fig. 270, is

1 foot 4 inches, its breadth 8 inches, and its thickness \ of an inch ; it is hollowed

to the extent of ^ an inch on the upper-side.

712. The stem, rfrf, fig. 269, of the sock is 1 foot 11 inches long above the

sock, 3^ inches broad, and 1^ inches thick. The lower end is passed through

a mortise in the sock-plate, and the broad end of d d, fig. 269, secured to the

under-side of the plate by three countersunk screws, as shown at g in fig. 270.
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The stem is secured in the mortise of the beam by a wedge in front, and by a
pin behind, as at e, fig. 1, Plate V. This pin is driven into a circular check,

one half of which is . formed in the mortise of the beam, and the other in the

stem of the sock; by this arrangement the 60ck is kept firmly in its place.

The stem between the beam and the sock is covered by two cast-iron boxes
or shields, fixed by screw-bolts as at h. To facilitate the passage of these

shields through the soil, they are pointed in front.

713. The wheels j j, Plate V., for regulating the depth to which the sock

penetrates, are attached to the beam a 6 at a distance of about 1 foot 9 inches

behind the draught-bolt r by means of a simple buckle and pinching-screws, the

screws drawing the stem of the wheels against the beam. The diameter of the

wheels is 1 foot 4 inches, and they are mounted, 6 inches apart, fig. 2, on axles

attached to the stems ; the diameter of the axles where they pass through the

wheel being 1 inch, the thickness of the stems being § of an inch, and the

breadth 2^ inches.

714. The bridle, t i, Plate V., is supported by the draught-bolt r at the

point of the beam, and is simply a plate 1 foot 2 inches long, having ears at

one end, by which the connection with the beam is secured. A number of holes

are provided for attaching a shackle and draught-hook. The projection of the

bridle is principally on the land-side of the beam, and it is stayed at its outer

end by a chain-bar k k, fig. 2, attached to the beam by an eye screwed near to

the coulter-mortise.

715. Like all subsoil-ploughs, the Tweeddale subsoil-trench-plough is only

used in co-operation with another plough, which, as its coadjutor, is always

the Tweeddale plough, the two being purposely made to act together when the

soil is to be trench-subsoiled. An elevation of both these ploughs, as they

appear in actual operation, is represented in fig. 272, where the Tweeddale

1UI r*ltI>I)4LI »un»<JlL.lK«KtW-Pl-OCtlH AXX> TBI IWUUDlU fU/OOB l» COWJOIJIT O TORATIOtC.

plough b is taking its furrow of 13 inches in depth below the surface d, followed

by the trenching subsoil-plough a going 6 inches deeper, below the 6ole of

the Tweeddale plough, making the trench-subsoiling 19 inches deep. The
wheels of the subsoil-plough a are seen resting upon the sole of the furrow just

taken out by the Tweeddale plough while the tail-board c appears doing its

office of elevating the slice of subsoil 8 inches, and thus forming a continuous

roccession of a void space under its extremity, and again filling up the void

with a mixture of the surface-soil and subsoil. The compound action of both

ploughs is not a mere ripping through the subsoil, as is the case with ordinary

subsoil-ploughs, but is a complete mixing of a part of the surface-soil with the

stirred-up subsoil—more complete than trenching with the spade.

716. Such is the pulverised state of the soil and subsoil after being thus

trench-subsoiled, and such is the easy action of the Tweeddale plough, that we
have seen two horses turn over a furrow 12 inches deep, on ploughing a seed-

furrow for wheat after potatoes, with as much ease as they would have turned

over a furrow of 7 inches deep, in the same circumstances, with the East-

Lothian plough,

717. The Small Plough.—Fig. 273 is a view in perspective of an iron small
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plough, which, as is evident from the figure, is exactly similar in construction

to the common East-Lothian plough, Plate I., but in such smaller dimensions

and lightness that a single horso can work it with ease. A single Bwing-bar

a attached to the bridle is all the moans of attachment required for the use of
the horse. To afford the stilts the means of resisting any cross-strain upon
them, an iron rod b is fixed at one end to the inside of .the. land-side of the
plough, and on heing brought diagonallv across the stilts, is fastened at the
otl ier end to the right-hand or little stilt, si little below the handle. The other
parts of the implement require no particular description.

718. A species of ploughing executed with the small plough, in the same
manner as drilling in the single method with the common plough, and in form
exactly resembling it on a diminished scale, is named ribbing. This plough
was once used for paring away the earth along the sides of turnip-drills ; but
the operation is now performed by means of seufllers and drill-harrows.

710. The Double Mould- Hoard Plough, fig. 271, is a representation of a

: Ui 1 ...... i !J •
.

... Alw y. _; ....

common double -mould-board iron plough equipped for the purpose of earthing-up
the turnip crop, for which it is much employed. The framework of it is pretty
much in form of the common plough, except, that the beam a lies right in the
central line of the whole plough. The bridle b is variously formed, according
to the taste of the maker, but always possessing the properties of varying the
point of draught upward and downward, as well as right and left. The
breast d is a shield forming part, of the cast-iron body-frame. The share e

is plain on both sides, spear-pointed, and set upon the head of the cast-
iron body-frame. The right and left mould-boards //"are hinged to the edge
of the shield d with drawing hinge-pins, and they are supported behind by
a jointed iron-strap affixed to the back of each mould-board, and which slide
through a socket in the body-frame, where the tails of both straps are secured
by means of a pinching-screw. setting the mould-boards at any required width
behind. The handles g are bolted on each side of the beam, as seen at//,
and are supported near the helves by the usual stretcher and bow. The dimen-
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dons of this plough are—from the breast d to the point of the beam 6, 3 feet

6 inches ; from d to extremity of mould-board /, 2 feet 6 inches ; and from d to

end of helve, 6 feet 6 inches, the extreme length of the plough being 10 feet.

The height of the mould-board, where it joins the shield, is 12 inches, and at

the point / 10 inches
;
length of share, 16 inches. The mould-boards of such

ploughs are liable to great variation in their form ; some of them have little or

no twist, and others variously contorted. Those of the present figure have been
selected as possessing all the requisite qualifications for an earthing-up plough.

At the fore-edge, where they join the shield, the surface of the mould-boards is

nearly in a straight line, and along the upper edge they are slightly convex

;

from these two lines they twist gradually, rounding away below towards the

tail, so as to leave the furrow of a round-bottomed trough shape. This plough

being only employed in pulverised soil, no coulter is required.

720. Such a double mould-board plough as has just been described in fig.

274, would make drills as wide as are required ; but when its mould-boards are

set to make 27-inch drills, it is found that they are too wide below to allow the

plough to go as deep as to give the drills their proper elevation of 13£ inches.

721. A drill is the triangular ridglet of earth upon which turnips and potatoes

are now generally cultivated.

722. The Double Mould-Board Plough for Drilling Land.—Where the double

mould-board plough is used for forming drills, it is made as largo as the com-
mon plough, and the mould-board is made to fit the shield a, fig. 275 ; it then

stretches away to a length of 2 feet 6 inches along the upper edge, the point

b being at a height varying from 11 to 14 inches above the sole-line. At this

point the depth of the mould-board is only 6 inches, so that the lower edge runs

off at a considerable elevation ; and the surface having not more than 3 inches

of twist, it is the lower edge only of the board that effects the purpose of

laying up the earth to form the drill. The sock c should be double-tenoned,

to take a firm hold of the ground. No coulter is required in forming drills

with a double mould-board plough.

723. In working the double mould-board plough for the purpose of forming

drills, there is frequently a marking-bar jointed to the beam immediately before

the breast a, fig. 275 ; the bar folds to either side, and having an adjustable

double-edged scraper fitted to it, a rut is drawn on the surface of the ground

at the proper distance for the centre of the next furrow.

724. This form of double mould-board plough is a most efficient implement

in drilling land, for it not only makes drills as fast again as the common plough,

bat it makes both shoulders of the drill equal, and thereby promotes undisturbed

the upright growth of the germ of the potato and bean plants.

725. The Bibbing Coulters.— As the small plough, fig. 273, only makes
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one rib at a landing, and as only two email ploughs are to be found on
most farms, and as it may be desirable in some seasons, and particularly in

a late season, and on heavy land, to

rib a considerable extent of ground in

a short time, instead of ploughing up the

waxy cloddy soil from below, an imple-

ment that will do more work in the same
time, and in the same manner, should

be preferred to the small plough. Such
an implement may be found in the rib-

bing coulters, fig. 276, which may be
drawn by one or two horses, according to

the nature of the soil, and which makes
5 drills at a time, of a sufficient depth to

cover the seed. It consists of a frame

a a, bearing 5 coulters b b, c c c, which
divide the surface-soil exactly as the

double mould - board plough for drill-

ing, fig. 275, into two furrows, but on
a much smaller scale. Two coulters, b 6,

are placed in the foremost part of the

frame, and three, c c c, in the hindmost
part, at intermediate distances, and
forming 5 drills, embracing four spaces

of 12 inches each in width. The horse

is attached by the hooks of the plough-

chains to the eyes in the bar d d\ which
is fastened to the frame a a by the chains

e e, which are 2 feet long, and by their weight, together with that of the

bar d <{. give steadiness to the draught.

726. This implement might be rendered more important, if requisite, by
attaching to it, by a shackle at /, the swing-trees of the common plough, with

two horses ; and the framing might also bo mounted on an axle and wheels.

727. WUkie'a Turn-wrist Plough.—The only implement which can turn over

the furrows in one direction is the turn-wrist plough : the one invented

by the late Mr Wilkie, Uddingston, is considered the best, and is represented

in perspective in fig. 277. It has two mould - boards d d, whose inside

Klg. 277.

12
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faces are attached together by means of two iron bars b 6, so as when one
mould-board is in operation the other is elevated in the air. These bars are

attached at right angles to an iron spindle a, which at one end c is seated in a
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plummer-block, and furnished with a crank-handle, and at the other terminates

in the coulter-box e. To the crank-handle c is attached a spring which falls

into a notch on each side of a semicircle, as the spindle a is turned round to

place either mould-board in its position for ploughing ; and while doing this it

also acts upon the head of the coulter so as to cause its point to stand over the

point of the sock, which in this implement is attached to the mould-board
instead of the head. This plough acts in the same manner as the common
plough, when the mould-board is set, as seen in the figure, the furrow-slice

being turned over to the right hand ; and on coming to the land's end, the other

mould-board is brought down on the left-hand side of the plough, and by it the

furrow-slice is turned over to the left hand—which is still placed in the same
direction as when the ploughing was turning over the furrow-slice to the right

hand, in moving in the opposite direction. The ploughman requires some
practice to become acquainted with the working of this plough, as he does not

at first feel at home when the furrow-slice is turning over to the left hand.

728. In this form of turn-wrist plough, the method of effecting the adjustment
of the coulter simultaneously with that of the mould-board is simple and
ingenious. The slot or coulter-mortise in the beam, instead of being made of

uniform width throughout its depth, is considerably wider at the top than at

the bottom, the taper or slope being equal on each side : this allows the upper
part of the coulter-stem a considerable play in its mortise ; so that it can be
moved from side to side within a certain range, corresponding to the difference

between the widths of the top and bottom of the coulter-mortise. At the end
of the coulter-box c, fig. 277, nearest the stilts, a small recess or groove is cut.

To the end of the spindle a a small eccentric is attached, which fits into this

groove in the coulter-box. As the crank-handle is turned round, adjusting the

mould-board as required, the eccentric acts on the side of the groove in the

coulter-box, and moves with it the coulter-stem from one side of the mortise-

slot to the other.

729. The turn-wrist plough has long been in use in the south of England,
principally in Kent, but it seems to possess no particular advantage over the

common plough in flat grounds. On steep sloping ground, however, it is useful

in maintaining the furrow-slice up-hill by ploughing such soil diagonally or

across the slope, and thereby preventing the baring of the surface at the upper
part of the sloping ground by the descent of the soil toward the lower part,

which in time the common ploughing of the land on ridges up and down the

slope would probably effect.

730. Ploughsfor lifting Potatoes.—The ordinary plough is sometimes used for

taking up potatoes; but to prevent the coulter cutting them, it is recom-

mended to tako it out, the sock lifting the rig.*78.

potatoes from the bottom of the drill, and the

mould-board turning them out upon the surface

of the ground.

731. The double mould-board plough, fig.

275, acts better for taking up potatoes than
the common plough.

732. Lawson's Brander Potato-Lifter. — A
simple instrument, which may be substituted

in the plough for the mould-board, and for

turning the potatoes out of the ground, was
contrived by Mr Lawson of Elgin. It consists of six malleable-iron bars,

fig. 278, the outer ones f of an inch square, the inner ones J an inch in dia-
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meter, joined together in the form of a brander or gridiron, 26 inches long from

a to b, 5 inches broad from b to c, the bars being attached at this eDd to a

plate of iron ; the length from c to d is 27 inches, the breadth from a to d

18 inches. This arrangement gives an opening between the rods at the widest

end of rather more than 3 inches in width. The brander or gridiron thns con-

structed is attached to the right side of the head and stilt of a plough, in lieu

of the mould-board, by the screws e e.

733. As shown in fig. 279, the fore-end, b c, fig. 278, of the brander is placed

riOCQB WITH UWtOK l BHAKM* ATTACHXD

close behind the sock a, fig. 279, and the plane of its face is so bent down, that

while its upper angle e is 8 inches, its lower angle b is only 4 inches above the

sole-line of the plough.

734. The mode of operation of the brander is, that while the earth partly

passes through it, and is partly pushed aside by it, the potatoes are left exposed

upon the surface of the ground on the right hand of the ploughman.

735. Plough-Graipfor Idling Potatoes.—In fig. 280 we give a new form of

potato-plough. The peculiarity of this implement consists in the adaptation

to the double mould-board plough, fig. 275, of a graip a 6, which is attached

to the sole, and the bars of which incline upwards, so that their longest

extremities shall be 9 inches above the sole-line of the plough.

736. In fig. 281 is the graip on a largor scale. The two outer ribs a b, ab
are flat, rounded at the edges ; their length, from the neck a, where they join

the flat sole c, being 2 feet 4 inches, and their breadth 1$ inches. The two
central bars d e are round, with the exception of the parts near the point where
they join the sole c, their length being, from the point to dor e, 1 foot 7^ inches.

Fig. 282 gives a side-view of the bars, showing their attachment to the plough
at a c, the hooked points of the bars at b and t, and the angle of inclination bf
of the bars, 9 inches above the sole of the plough.

737. The mode of operation of the plough-graip is, that while the long sock

e of the double mould-board plough, fig. 280, is passing under the drill of pota-

toes, the drill is divided in tho middle by the mould-boards d d, which, being
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cut off in their lower part, permits the plough to penetrate the drill to the bottom.

The earth, when thus divid-

ed, passes partly up tho

short inclined inside bars

c, and in falling through

them leaves the potatoes

exposed on the surface, and

partly is lifted up and cut

through by the long out-

side bars ab, ab, leaving the

potatoes exposed on each

side of the tail of the mould-

boards. The hooked ends

of the bars b e, fig. 282,

serve to rake to the surface

such potatoes as may have

remained concealed in the

ground. This simple im-

plement brings almost every

potato to the surface, and
the passing of harrows

afterwards over the ground as completely exposes the crop as perhaps can be

done by mechanical means.

738. Hanson's Potato-Digger.—In fig. 283 we give a perspective view of a

Fljf. 2KI
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potato-digger invented by Mr Hanson, and manufactured by Mr Coleman of

Chelmsford. It is highly spoken of by practical men who have tested its use

in the field. The essential parts of tho macliine consist of a flat broad

share and revolving forks. The share g is attached by a M stem " k, capable

of adjustment, to the framing ; this share goes under the potatoes, effectu-

ally breaking up and pulverising the soil, and freeing the potatoes from the

drill. In close contact with the upper surface of the share, a series of two-

pronged forks h h revolves. These forks, eight in number, project from the peri-

phery of a disc, which receives motion from the driving-wheels 6 b of the macliine.

The shaft of the digger-disc is placed transversely to the length of the share.

As the tendency of the revolving forks h h is to throw up or scatter the potatoes

to a considerable distance laterally, a strong netting, not shown in tho figure,
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is attached to the side opposite to that at which the stem k of the share is fixed.

The potatoes, as they are thrown up, are arrested by this netting, and are laid

along the drills in regular rows. Not the least important feature of the machine is

said to be the ease with which the unexhausted manure is mixed with the soil, and

the weeds left on the surface. We should, however, dread injury to the potatoes

themselves by this mode of lifting them, by such a violent action of the forks.

739. In fig. 283 a is the framing ; b b the main carrying or driving wheels,

which embrace a drill of potatoes ; c c tho fore-wheels, supported by a screwed

stem d, which is raised or lowered in its seat through the medium of the pinion

e, the teeth of which engage with the threads of the screw on d. Motion is

given to the pinion « by the handle/. The depth to which the share g penetrates

the soil is thus regulated. The revolving forks are shown at h h ; the work-

man guides tho implement by tho handles t. Tho machinery, consisting of an

assortment of wheels giving motion to the disc carrying the forks h h by

one of the driving-wheels b, is contained in the casing suspended between

the wheels b b.

740. Paring Ploughs.—The share of the common plough cuts a furrow-slice at

most 10 inches broad, and its depth is 4 or 5 inches in lea. As the turf in paring

requires to be no thicker than will remove the herbage, it need never exceed 3

inches in thickness, and the plough will scarcely be held steady at less depth

;

and as that depth would be easy work for the horses, a greater breadth of slice

rig. hm. may be turned over than a share of the ordinary

form can do. The only mode of causing the share

to do more work is by extending the feather out-

wards to 12 or 15 inches, as desired for the breadth

of the turf. Fig. 284 represents the share of the

common plough, where at a the breadth of the

common feather is 10 inches, but on welding a

wing 3 inches in breadth, and having a sharp edge

upon the outer point a of the feather, the paring-face may be increased to 15

inches in breadth, from c to the land-side of the share. When the paring has

been accomplished the wing c can be cut off, and the share is again fit for ordi-

nary use.

741. The paring-plough used in parts of England in the fens, pares the turf by

means of two angular shares with the wings facing each other, and just cross-

ing the centre line, one being a little before the other ; and they are attached

to shanks, placed in front of the mould-board, upon which the turf is raised in a

manner similar to the furrow-slice in ordinary ploughing, and is set on its edge

upon the pared ground, ready to be dried, as neatly as if done by the hand.

742. Leicester Paring-Plough.—A better paring-plough, fig. 285, is manufac-

tured by Mr Thomas Johnson, engineer, Leicester. Its peculiar parts consist
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of a small wheel a, attached to near the heel, to support the sole along the

pared ground. The near wheel 6 moves in front of the coulter d upon the

unpared surface, while the off wheel c moves upon the pared surface. By the

adjustment of these two large wheels, the thickness of the turf to be pared is

determined. The coidter sloped at a low angle, 28°, cuts the turf, and the

mould-board e sets it upon its edge, curled up to be dried. The plough cuts

the turf 14 inches in breadth, and from 1 to 2 inches in thickness. The cost

of the implement is £5, 10s.

743. Lecelling-Box or Scoop.—In fig. 286 we give a sketch of the levelling-

box used to reduce the inequalities of ploughed land. The inequalities

alluded to are slight hollows, low heights running across several ridges, making
one side or part of a ridge higher than tho other, or part of the head-ridge higher
than tho ridges, and suchlike blemishes. The figure represents one to be
worked by two horses, furnished with fixed handles and draught-chains. The
two sides b a, b a, having the same depth where they join the back, are curved
off to nothing at the front. It is requisite for strength that it be made of hard-

wood; but the common willow, from its toughness and lightness, is perhaps

better adapted than any other wood for this purpose. The sole of the scoop is

armed with a strong shoeing of iron, terminating in a sharp cutting edge. Two
skeds or bolsters are fixed on the lower side of the sole, thinned off forward to

give facility of entrance in the soil to the cutting edge of the scoop, and upon
which it runs like a sledge when filled. All the corners are strongly bound
with iron plates, and the skeds upon which it runs are covered with strong

sheet or hoop iron. The handles b c, b c are bolted to the sides, and so fitted as

to bring the extremities c c to a convenient distance for being held in the hands
of the conductor. The draught-chains, with their stretcher rf, are attached

to an eye-bolt or a staple on either side of the scoop.

744. The levelling-scoop is frequently fitted up in a manner somewhat
different in the mode of attaching the handles. A strong gudgeon is fixed

m each side at the place of attachment of tho chains ; and the terminations
of the chains being an oye-bolt or link, it is passed upon the gudgeon. The
bandies, in place of being fixed to the Bides, have an eye formed in their end
and strengthened with iron, which passes also upon the gudgeon, and are

held there by a washer and cotrel. A second pair of gudgeons are strongly
fixed, one upon each corner of the box at the back, in a position that will pass

trough the handles when they are at a proper height. The handles are here
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also pierced and defended with iron, bo as to slide freely off and on upon these

second gudgeons, and their extremities brought, as before, to a convenient

width.

745. The mode of using the levelling-box is this : After the part of the ground
intended to be made lower has been ploughed by the common plough, the driver

of the levelling-box brings his horses over the ploughed land, and raises the

handles c so as the sharp front a a of the box enters the ground and scoops as

much earth into the box as to fill it, when the driver presses upon the handles

and causes the loaded box to slide upon its hind part until he comes to the

spot which has to be raised up. He then lets go the handles, and the sharp

front edge catching the ground upsets the box with its contents, the horses

walking on while the handles strike against and remain upon the stretcher d.

A short stout piece of rope being attached to one of the handles, the driver,

while the horses are returning to the ploughed ground, again suddenly, by a jerk

of the rope, replaces the box on its bottom, when it is again ready for use.

746. The levelling-box produces its effect relatively very quickly, for while

it is lowering a height by taking away the superfluous earth, it is filling up a

hollow with the same material.

747. In the form of handles described in par. 744, the box recovers its work-

ing position by turning over of itself after the earth is emptied out of it ; this it

effects by means of the gudgeons on the corners catching hold of the ground.

748. Hepburn's Mountain Tum-vorist Snow-Plough.—" To enable the plough to

clear tracks for the sheep along the hill-sides, it is necessary it should be

made to throw the snow wholly to the lower side. To effect this," says Mr
Hepburn of Colquhalzie, the inventor, 44 1 caused to be fitted to the plough a,

fig. 287 (the body of which forms

an isosceles triangle whose sides

are 7£ feet, and its base 6 feet in

length, the depth of the sides being

15 inches), a shifting head bed
with unequal sides, one, b c, being

18 inches, the other, b a\ 30 inches

long, fixed by iron pins passing

through two pairs of eyes, as at

c, attached to the head and to the sides of the plough respectively, so as to

bring tho point of the attached head of the plough nearly into the line of its

upper side, or next the hill. The stilt g at the same time was made movable by a

hinge-joint at its anterior extremity, fixed to the bottom of the head from the

post/, so as to be capable of being fixed to the cross-bar or stretcher e, either

in the line bisecting the angle, as at c, which is the position for level ground,

or in the line, alternately, of either of the sides b a or b c, when to be used

on a declivity. The draught-chain is fixed, not to the shifting head, but to

the upright frame-post /, in the nose of tho plough, which rises 10 or 12 inches

above tho mould-hoards. When the plough so constructed is to be worked

along a declivity, with the left hand towards the hill, the shorter limb of the

shifting head is fixed on tho left side of the plough, near the point, and the

longer limb on tho right side, towards the middle ; and the stilt g being fixed

in the left extremity of the cross-bar e, nearly in a lino with the temporary point,

the plough is necessarily drawn in the direction of its left side, bo as to throw

the snow wholly to the right down the hill. When the plough is to return

across the declivity, with its right side to the hill, the movable head is

detached by drawing out the pins at c, is turned upside down, and fixed in the

MOUNTAIN IUHN-WIUHT » N J » VI OVQU.
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reveree position ; the shorter limb being attached to the right Bide, and the

longer to the left side of the plough, while the stilt g is brought to the right

extremity A of the crOBS-bar. The plough is then drawn in the direction of

the right side, and the snow is thrown wholly to the left, near the lower aide.

Should the lower side of the plough show a tendency to rise, it may either be
held down by a second movable stilt, fixed to the middle e of the cross-bar, or

a block of wood or other ballast-weight may be placed on that side of the

plough. The plough will be found to remove considerably more than its own
depth of snow. When a plough of 1 foot high passes through snow 18 inches

or 2 feet deep, very little of the snow falls back into the track, and what does

so fall is easily cleared out by the plough in returning."*

749. Such a snow-plough is eminently useful in breaking up deep-crusted

snow upon hill-pasture late in spring, to the dissolving influences of the eun
and wind.

750. Swing-trees.—The swingle or swing-trees, whipple-trees, draught-bars, or

simply bars, for by all these names are they known, are those bars by which
horses are yoked to the plough, harrows, and other implements. In the plough-

yoke a set of swing-trees consists of three, as represented in fig. 288, where a

T) m
t

12 « o

FOR TWO

points out the bridle of the plough, b b the main swing-tree attached immediately

to the bridle, c c the furrow or off-side little swing-tree, and d d the land or

nigh-side little swing-tree, arranged in the position in which they are employed
in working. The length of the main-tree, between the points of attachment for

the 8tnall trees, is generally 3^ feet, but this may be varied more or less ; the

length of the little trees is usually 3 feet between the points of attachment of the

trace-chain, but this also is subject to variation.

751. Swing-trees are, for the most part, made of wood, oak or ash being most

generally used ; but the former, if sound English oak, is by much the most

* Prize Euayt of the Highland and Agricultural Society, vol. xiii. p. 191.
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durable, though good Scotch ash is the strongest so long as it remains sound,

but it is liable, by long exposure, to a species of decay resembling dry-rot.

752. Rules for ascertaining the Strength of Swing-trees.—As it is always of

importance to know the why and wherefore of everything, we shall here point

out how it may be known when a swing-tree is of a proper degree of strength.

A swing-tree, when in the yoke, undergoes a strain similar in practice to that

of a beam supported at both ends and loaded at the middle, and the strength

of beams or of swing-trees in this state is proportional to their breadths

multiplied into the square of their depths and divided by their lengths.

753. It is to be understood that the depth here expressed is that dimension

of the swing-tree that lies in the direction of the strain, or what, in the language

of agricultural mechanics, is called the breadth of the swing-tree.

754. To apply the above expression to practice, suppose a swing-tree of 3

feet in length between the points of attachment for the draught, that its breadth

is l£ inches and depth 3 inches, and another of the same breadth and depth,

1 5x3x3
but whose length is 6 feet, then in the case of the first we have—

3

15x3x3= 4.5 ; and in the second we have— = 2.25, the strength of these two
6

being as 2 to 1 ; and to make the 6-feet swing-tree of equal strength to the

3-feet ones, the breadth must bo increased directly as the length, that is to say,

doubled, or the depth increased, so that its square shall be doubled also.

Hence, a swing-tree of 6 feet long, and having a breadth of 1^ inches and depth

4^ inches, will bo equal in strength to the 3-feet swing-tree with a breadth of

1^ inches and depth of 3 inches ; but the depth remaining equal, the breadth

is required to be doubled, or made 3 inches for the 6-feet swing-tree.

755. To find the absolute strength of a bar or beam, situate as above described,

we have this rule : Multiply the breadth in inches by the square of the depth

in inches, divide the product by the length in feet, and multiply the quotient

by the constant 660 if for oak, or by 740 if for ash, the product will be the

force in pounds that would break the swing-tree or the beam.* Here, then,

taking the former dimensions as of a small swing-tree,
1 "5 * 3

*
<4
- = 3330 lb.

the absolute force that would break the tree ; but taking into account the defect

that all woods are liable to break from crossing the fibres, and other contingent

defects, we may allow ^ to go for security against such contingencies, leaving a

disposable strength equal to 1665 lb. The usual force exerted by a horse in the

plough docs not exceed 168 lb. ; but it occasionally Hbos to 300 lb., and on

accidental occasions even to 600 lb. ; but this is not much beyond £ of the dis-

posable strength of the 3-foet swing-tree when its breadth and depth are 1^ inches

and 3 inches. The depth of such trees may therefore be safely reduced to 2j
inches, and still retain a sufficient degree of strength to resist any possible

force that can come upon it.

756. In the large swing-tree the same rule applies : Suppose its length between

the points of attachment to be 3 feet 9 inches, its breadth If inches, and depth

3J inches, the material being ash as before, then^^^'-^*- 4233 lb.;
O. i o

reducing this J for security, there remain 2116^ lb., but the greatest force that

* Tredgold'b Carpentry, art. 110.
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may be calculated upon from 2 horses is 1200 lb. : we have, therefore, nearly

double security in this size of large swing-tree.

757. In proportioning the strength of swing-trees to any particular draught,

let the greatest possible amount of force be calculated that can be applied to

each end of the tree ; the sum of these will be the opposing force as applied at

the middle, and this may be taken, as in par. 755, at 600 lb. for each horse

;

but for security let it be 3 times, or 1800 lb. each horse A, any number of

horses being m k ; and having fixed upon a breadth b for the tree, and I the

length, c being the constant as before, then the depth d will be found thus,

Ixmh
~f^r= or» m words, multiply the length into as many times 1800 lb. as

there are to be horses applied to the tree, divide the product by the constant

—740 for ash, or 660 for oak—multiplied into the breadth, the quotient will be
the square of the depth, and the square root of this will be the depth of the

swing-tree, with ample allowance for assurance of strength. In all cases the

depth at the ends may be reduced to J of (hat of the middle.

758. Swing-Trees for Two Horses.—Wooden swing-trees ought always to be
fitted up with clasp-and-eye mounting ofthe best wrought-iron from 2 to 2J inches

broad, about ^ inch thick in the middle parts, and worked ofF to a thin edge at

the sides; the part forming the eye may range from ^ inch diameter in the centre

eye of the large tree to f of an inch in the end clasps of the small trees ; and they

are applied to the wood in a hot state, which, by cooling, makes them take a firm

seat. In the main tree, the middle clasp has usually a ring or a link e, fig. 288,

welded into it, by which the set is attached to the hook of the plough's bridle

;

the two end-clasps have their eyes on the opposite edge of the swing-trees, with

sufficient opening in the eyes to receive the S hooks of the small tree. The small

trees are furnished with the S hooks, by which they are appended to the ends of

the main-trees ; and end-clasps aro adapted to receive the hooks of the trace-

chains//, g g, a small part only of which is shown in the figure. The detached

figure A is a transverse section of a tree showing the form of the clasps, the scale

of which is double the size of the principal figure in the cut.

759. Though wood has hitherto been the material chiefly used for swing-

trees, there have been some successful trials of malleable-iron for the purpose.

These have been variously constructed, in some cases entirely of sheot-iron

turned round into a form somewhat resembling the wooden trees ; but in this

form, either the iron must be thin, or the bar must be inconveniently heavy ; if

thin, durability becomes limited, by reason of the oxidation of the iron acting

over a large surface, and soon destroying the fabric.

760. Another method has been tried, consisting of a straight welded tube of

ri». m

malleable-iron, about 3 feet long and } inch diameter. In this tube, acting
as a strut, a tension-rod, also of malleable iron, is applied with a deflection of 4
incheB, the extremities of the tension-rod being brought into contact by welding

o
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or riveting with the ends of the tubular strut) and eyes formed at the ends and

middle, for the attachment of the hooks and chains. A tree thus formed, fig.

289, is sufficiently strong for every purpose to which it is applied, while its

weight does not exceed 7 lb.; and the weight of a wooden tree, with its mounting,

is frequently 8 lb. The structure, however, seems rather clumsy to the eye.

761. A third method has been to form a diamond-shaped truss of solid-iron

rods, the diamond being very much elongated, its length being 3 feet, and its

breadth about 4 inches, with a stretcher between the obtuse angles.

762. The price of a set of common wooden trees, with the iron mounting, is

12s., and of the iron trees, 18s.

763. Another form of trussed whipple-trees is given in fig. 290, which repre-

sents that introduced by Messrs Ransome and Sims, Ipswich. This form has a

high character for strength and lightness. It is made entirely of malleable-

FUf.aa
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iron ; the larger bars or struts acta are usually of tubular iron from 1 inch to 1|

inch in diameter ; the tension-rods b b b of rod-iron from £ inch to £ inch in

diameter.

764. Swing-trees for Three Horses.—The foregoing remarks apply, so far as

arrangement goes, to the common two-horse swing-trees; but the various

modes of applying horse-power, both as regards number and position of the

horses, require further illustration. The next we shall notice, therefore, is the

three-horse yoke, of which there are various modes, the simplest of which is,

first, a pair, working in the common trees, fig. 288 ; and for the third horse, a

light chain is attached by a shackle to the middle of the main bar b b. To this

chain the third horse is yoked, taking his place in front of the other two, in

unicorn fashion. This yoke is defective, inasmuch as there are no means of

equalising the draught of the third horse.

765. Perhaps the most perfect method of yoking a three-horse team, whether

abreast or unicorn fashion, is that by the compensation-levers, fig. 291—

a

statical combination, which is at once correct in its equalisation, scientific in its

principles, and elegant in its arrangement ; and we have to regret our inability

to single out the person who first applied it. The apparatus in the figure is

represented as applied to the subsoil-plough, a being the bridle of that plough

;

b is a main swing-tree, 5 feet in length, and of strength proportioned to the

draught of three horses ; and c, tf, e are three small common trees, one for each

horse. The trace-chains are here broken off at/, g respectively, but are to be

conceived as extending forward to the shoulders of the horses. Between the

main swing-tree and the three small ones the compensating apparatus is placed,

as in the figure, consisting of three levers, usually constructed of iron. Two of

these, h i and h t, are levers of the first order, but with unequal arms, the fulcrum

k being fixed at \ of the entire length from the outward end of each ; the arms

of these lovers are therefore in the proportion of 2 to 1, and the entire length of

each between the points of attachment is 27 inches. A connecting lever L, of

equal arms, and 20 inches in length, is jointed to the longer arms *, i of the for-
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mer, by means of the double short links m, n. The two levers h i, h i are

hooked by means of their shackles at k to the main swing-tree b ; and the

three small swing-trees c, </, e are hooked to the compensation-levers at A, A

and/.

766. From the mechanical arrangement of these levers, if the whole resistance

at a be taken at 600 lb., k and k will each require an exertion of 300 lb. to over-

come the resistance. But these two forces fall to be subdivided in tho proportion

of the arms of the levers h r, $ of each, or 200 lb., being allotted to the arms A, A,

and the remaining 100 lb., to the arms t, i, which brings the system to an
equihbrium. The two forces i, t being conjoined by means of the connecting-

lever m n, their union produces a force of 200 lb., thus equalising the three

ultimate forces A, I, h to 200 lb. each, and these three combined are equal to the

whole resistance a ; and the three horses that are yoked to the swing-tree c, d
}
e

are subjected to equal exertion, whatever may be the amount of resistance at a
which has to be overcome.

767. The judicious farmer will frequently see tho propriety of lightening the

labour of some individual horse ; and this is easily accomplished by the compen-
sation apparatus. For this purpose, one or more holes are perforated in tho levers

h i, on each side of the true fulcrum k, to receive the bolt of the small shackles

k. By shifting the shackle and bolt, the relation of the forces h and i are

changed, and that in any proportion that may be desired ; but it is necessary to

observe that the distance of the additional holes, on either side of tho central hole

or fulcrum of equilibrium in the system, should be in the same proportion as the

length of the arms in which the holes are perforated. Thus, if the distance

between those in the short arm is half an inch, those in the longer arm should

be an inch. By such arrangement, every increase to the exertion of the power,

whether on the long or the short arm, would be equal.

768. The same principle of compensation has been applied to various ways of

joking, one of which is a complicated form of that just described. The main
swing-tree and the compensation levers are the same, except that they may be
a few inches shorter in all the arms, and the middle one of the three small swing-

trees also shorter. The yoking is performed in this manner : the nigh trace-

chain of the nigh horse is hooked to the end o ofthe swing-tree c, fig. 291, and his
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off-side trace-chain to the end o of the swing-tree d. The middle horse has his

nigh-side chain hooked to the endp of the swing-tree e ; while his off-side chain

goes to the end p of the swing-tree e. The off-side horse has his nigh-side chain

attached to the end q of the middle swing-tree rf, and his off-side chain to q ofthe

swing-tree e. This system of yoking is complicated, and though in principle it

equalises the forces so long as all the horses keep equally ahead, yet it is in

some degree faulty. Whenever the middle horse gets either behind or before

his proper station—or out of that position which keeps all the swing-trees paral-

lel to each other—the outside horses have a larger share of the draught upon
one shoulder than upon the other ; and as this produces an unnecessary fatigue

to the animal, it should be avoided. Such irregularity cannot occur with the

simple mode of giving each horse his own swing-tree.

769. A modification of this compensation-yoke has been contrived, as we are

informed, by Mr Bauchop, Bogend, Stirlingshire. The compensation-levers are

formed of wood, and in place of the connecting-lever Z, fig. 291, a chain, 2 feet

in length, connects the ends t i of the levers h i, h i ; and in the bight of the

chain, as at J, a pulley and strap are placed, to which a joam-chain is hooked ;

the pulley from it, oscillating in the bight of the chain, serves the same pur-

pose as the connecting-lever /. In this mode of yoking, the horses work in

unicorn-team, the middle horse pulling by the soam-chain, instead of the swing-

tree d.

770. Swing-trees for Four Horse*.—In the yoking offour horses
y
various modes

are also adopted. The old and simple method is for the plough-horses to draw by
a set of common swing-trees, fig. 288 ; and to the centre of the main swing-tree

at e a soam-chain is hooked by means of a shackle or otherwise. The leading

horses are thus yoked by a second set of common swing-trees to the end of the

8oam. This is now seldom employed, but an improved method of applying the

soam has been adopted in its place, which is represented by fig. 292, where a is

the bridle of the plough, with its swivel hook. A pulley b of cast-iron, 6 inches

diameter, mounted in an iron frame, of which an edge-view is given at m, is

attached to the hook of the bridle. A link-chain c is rove tlirough the frame of the

pulley, and to the short end of it is hooked the main swing-tree d ofa set ofcommon
swing-trees h h, ii for the plough-horses. The other end of the chain passes forward

to a sufficient distance to allow the leading horses room to work ; and to it is hooked

the second set of common swing-trees kk,ll*te for the leaders. In the figure, a

part of the chain, fromf to g, is broken off ; but the full length is about 1 1 feet.

In this yoke, the trace-chains of the nigh-side hind horse are hooked to the swing-

trees at h A, and those of the off-side horse at i i, the leaders being yoked at k k
and 1 1 respectively. In this arrangement, the balance of forces is perfectly

preserved ; for the hind horses and the leaders, as they pull at opposing ends

of the chain passing round a pulley, which must inevitably be always in

equilibrium, each pair of horses has an equal share of the draught ; and from

the principles of the common swing-trees through which each pair acts, the

individual horses must have an equally perfect division of the labour, unless

this equilibrium has been removed for the purpose of easing a weaker horse.

In order to prevent either the hind horses or the leaders from slipping too much
ahead, it is common to apply a light check-chain o, of about 15 inches long,

connecting the two parts of the main-chain, so as to allow only a short oscilla-

tion round the pulley, which is limited by the check-chain. When this is

adopted, care should be taken never to allow the check-chain to remain upon
the stretch ; for if it do so, the advantage of equalisation in the yoke is

lost, and it becomes no better than the simple soam. In all cases of using a

Digitized by Googl



SWING -TREES FOR FOUR HORSES. 213

long chain, that part of it which passes forward between the hind horses
must be borne up by means of attachment to their back-bands, or suspended
from their collars.

771. Mr Stirling of Glenbervie, Stirlingshire, recommends a method of yoking
ft team of four horses in pairs, the arrangements of which are represented in fig.

293 : a is part of a main swing-tree of the common length, 6 a small swing-tree

about 4 inches longer than the usual length, but both mounted in the usual

form, except that, at each end of the small swing-trees, cast-iron pulleys c c,

of 3 or 4 inches diameter, and set in an iron frame, are hooked on to the eyes of

the swing-tree. The common trace-chains are rove through the frames of these

pulleys, as in the figure ; the ends d d of the chains are prolonged forward to the

proper length for the nigh hind-horse, and the ends e e are extended to the nigh
leader. At the opposite end of the main swing-tree, which in this figure is cut
oft; the same arrangement is repeated for the off-side horses. The principle of
action in this yoke is simple and effective, though different in effect from fig. 292.
In fig. 292 the two hind-horses are equalised through the medium of one set

of common swing-trees rf, h A, t i. The leading horses are alike equalised by
their set «, k k, 1 1, and thus the two pairs balance each other through the

<
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Fig. HO.
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medium of the soam-chain / g. In fig. 293, on the other hand, the two
nigh-side horses have their

forces equalised through
the trace-chains d e, d e,

which are common to both,

by passing over the pulleys

c c ; and the same holds in

respect of the two off-side

horses. The couple of nigh-

side and of off-side horses,

again, are equalised through

the medium of one set of

swing-trees. In both, there-

fore, the principle of equali-

sation is complete, but there

is a trifling difference in

their economy.

772. In the yoke, fig. 292,

which we call the Cross-

balance yoke, the soam-chain

and pulley are the only

articles required in addition

to the everyday gear. In that of fig. 293, which we call the Running-balance

yoke, there is first the set of swing-trees, which, as they have to resist the
force of four horses, must in all their parts be made stronger than the common
set, agreeably to the rules we have already given, and to which is added the four

pulleys—all of which are only applicable to this yoke. The trace-chain, though
not necessarily stronger than those for common use, is required about three

times longer than single-horse chains—that is to say, four horses will require

the chains of six
;
but, on the other hand, the chains of the leaders are more

conveniently supported when they pass along the sides of the hind-horses, and
it is free of the set of swing-trees which dangle behind the leaders of the

method, fig. 292.

773. Swing-trees for Six or more Horses.—In cases where six or more horses

aro required, as for subsoiling or draining by the plough, the yoking is accom-
plished by modifications and extension of the principles here laid down : for

example, a team of six can be very conveniently applied with equalised effect

by employing ,the compensation-levers of fig. 292, along with three single

swing-trees, with pulleys at each end, and running trace-chains, as in fig. 293.

774. Of the Draught of Ploughs.—From the complicated structure of the

plough, and the oblique direction in which circumstances oblige us to apply the

draught to the implement, some misconceptions have arisen as to the true

nature and direction in which the draught may be applied. The great improver

of the plough has fallen into this error, and has*in some measure been followed

by others.* He asserts, " that were a rope attached to the point of the share,

and the plough drawn forward on a level with the bottom of the furrow, it

would infallibly sink at the point." Were this really the case, it would prove

that the centre of resistance of the plough in the furrow must be somewhere
below the level of the sole, which is impossible. As the centre of gravity of

any body suspended from a point at, or anywhere near, the surface of that body,

will always be found in a continuation of the suspending line, supposing it to

• Small's Treatitc on Plough*.
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be a flexible cord
;
so, in like manner, the centre of resistance of the plough

will be always found in the direction of the line of draught. Now, if with a
horizontal line of draught from the point of the share, it were found that the

point of the share had a tendency to sink deeper into the soil, it would be a
clear proof that the plough was accommodating itself to the general law, and
that the centre of resistance is below the Hue of the sole. The fallacy of this

conclusion is so palpable, that it would be an act of supererogation to refute it

by demonstration, more especially as it never can be of any utility in a practical

point of view. We have thought it necessary, however, to advert to it, as it

appears to have aided in throwing a mystery over the mode of applying the

tine or angle of draught, which in itself is a sufficiently simple problem.

775. The reasoning hitherto adopted on this branch of the theory of the

plough seems to be grounded on the two following datai—the height, on an
average, of a horse's shoulder, or that point in hi8 collar where the yoke is

applied ; and the length of the draught-chains that will give him ample free-

dom to walk. It falls out fortunately, too, that the angle of elevation thus

produced crosses the plane of the collar as it lies on the shouldors of the

horse when in draught, nearly at right angles. It is our purpose, however, to

show that (keeping out of view some practical difficulties) the plough may be
drawn at any angle, from the horizontal up to a little short of 90°, and that it

would require less and less force to draw it as the direction of the line of draught

approached the horizontal line. It would in all cases bo required that the

point of the beam, or rather the draught-bolt, should be exactly in the straight

line from the centre of resistance to the point where the motive force would be

applied. If this force could be applied in the horizontal direction, we should

have the plough drawn by the minimum of force. This position, however, is

impracticable, as the line of draught would, in such a case, pass through
the solid land of the furrow about to be raised ; but it is within the limits

of practicability to draw the plough at an angle of 12°, and, as will be demon-
strated, the motive force required at this angle would be 14 lb. less than is

required by drawing at the angle of 20°, which may be held as the average in

the ordinary practice of ploughing. A plough drawn at this low angle, namely,
12°, would have its beam (if of the ordinary length) so low, that the draught-

bolt would be only 10 inches above the base-line ; and this is not an impracti-

cable height, though the traces might be required inconveniently long. On
the same principle, the angle of draught might be elevated to 60° or 70°, pro-

vided a motive power could be applied at such high angles. In this, as before,

the beam and draught-bolt would have to fall into the line of draught as emanat-
ing from the centre of resistance. The whole plough, also, under this supposi-

tion, would require an almost indefinite increase of weight ; and the motive force

required to draw the plough at an angle of 60° would be nearly twice that

required in the horizontal direotion, or Iff times that of the present practice,

exclusive of what might arise from increased weight. We may therefore con-

clude, that to draw the plough at any angle higher than the present practice is

impracticable, and, though rendered practicable, would still be highly inexpe-

dient, by reason of the disadvantage of increased force being thus rendered

necessary; unless we can suppose that the application of steam or other

inanimate power might require it. Neither would it be very expedient to adopt
a lower angle, since it involves a greater length of trace-chains, which at

best would be rather cumbrous ; and it would produce a saving of force of only

14 lb. on the draught of a pair of horses. Yet it is worthy of being borne
in mind, that in all cases there is some saving of labour to the horses, when-
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ever they are, by any moans, allowed to draw by a chain of increased length,

provided the draught-bolt of the plough is brought into the line of draught, and
the draught-chains are not of such undue weight as to produce a sensible

curvaturo ; in other words, to insure the change of angle at the horse's shoulder,

due to the increased length of the draught-chain.

776. In illustration of these changes in the direction of the draught, fig.

1, Plato VI., will render the subject more intelligible. Let a represent the

body of a plough, b the point of the beam, and c the centre of resistance of the

plough, which may be assumed at a height of 2 inches above the plane of the

sole d e, though it is liable to change within short limits. The average length

of the draught-chains being 10 feet, including draught-bars, hooks, and all that

intervenes between the draught-bolt of the plough and the horse's shoulders

;

let that distance be set off in the direction b f, and the average height of the

horse's shoulders where the chains are attached being 4 feet 2 inches, let the

point/ be fixed at that height above the base-line d e. Draw the line/ c, which

is the direction of the line of draught acting upon the centre of resistance c
;

and if the plough is in proper temper, it will coincide also with the draught-bolt

of the beam ; e cf being the angle of draught, and equal to 20°. It will be

easily perceived that, with the same horses and the same length of yoke, the

angle e c/ is invariable ; and if the plough has a tendency to dip at the point of

the share under this arrangement, it indicates that the draught-bolt b is too

high in the bridle. Shifting the bolt one or more holes downward will bring the

plough to swim evenly upon its sole. On the other hand, if the plough has a

tendency to rise at the point of the share, the indication from this is, that the

draught-bolt b is too low, and the rectification must be made by raising it one or

more holes in the bridle. Suppose, again, that a pair of taller horses were

yoked in the plough, the draught-chains, depth of furrow, and soil—and, by

consequence, the point of resistance c—remaining the same, we should then

have tho point/ raised suppose to/'; by drawing the line/' c, we have e cf as

the angle of draught, which will now bo 22°
; and in tliis new arrangement the

draught-bolt is found to bo below the line of draughtf c ; and if the draught-

chains were applied at 6, in the direction off 6, the plough would have a

tendency to rise at the point of the share, by the action of that law of forces

which obliges the line of draught to coincide with the line which passes tlirough

the centre of resistance ; hence the draught-bolt b would be found to rise to V
which would raise the point of the share out of its proper direction. To rectify

this, then, tho draught-bolt must be raised in tho bridle by a space equal to b b\

causing it to coincide with the true lino of draught, wliich would again bring the

plough to swim evenly on its sole.

777. Regarding the relative forces required to overcome the resistance of the

plough, when drawn at different angles of draught, we have first to consider the

nature of the form of those parts through which the motive force is brought to

bear upon tho plough. It has been Bhown that the tendency of the motive force

acts in a direct lino from the shoulder of tho animal of draught to the centre of

resistance ; and referring again to fig. 1, Plate VI., were it not for considerations

of convenience, a straight bar or beam lying in the direction c b, and attached

firmly to the plough's body anywhere between c and g, would answer all the

purposes of draught perhaps better than tho present beam. But the draught

not being the end in view, but merely the means by which that end is accom-

plished, the former is made to subserve the latter ; and as tho beam, if placed

in the direction c 6, would obstruct the proper working of the plough, we are

constrained to resort to another indirect action to arrive at the desired effect.
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This indirect action is accomplished through the medium of a system of rigid

angular framework, consisting of the beam and the body of the plough, or those

parts of them comprehended between the points 6, h, c, the beam being so con-

nected to the body a h as to form a rigid mass. The effect of the motive force

applied to this rigid system of parts at the point 6, and in the direction bf
produces the same results as if c b were firmly connected by a bar in the position

of the line c b, or as if that bar alone were employed, as in the case before

supposed, and to the exclusion of the beam b h.

778. Effect of the Wheel on the Draught.—Having thus endeavoured to

illustrate the causes of the oblique action of the plough, showing that the

obliquity is a concomitant following the considerations of convenience and
fitness in working the implement, we proceed to show tho relative measure
of the effects of the oblique action. It is well known that the force of

draught required to impel the plough, when exerted in the direction bf may
be taken at an average of 24 stones, or 3 cwt., or 336 lb. Analysing this

force by means of the parallelogram of forces, if we make the line 6f to repre-

sent 336 lb., the motive force ; and complete the parallelogram b if we have
the force b f held in equilibrium by the two forces i b and k b, the first act-

ing in the horizontal direction to draw tho plough forward, the second acting

vertically, to prevent the point of the beam from sinking, which it would do were
a horizontal force only applied to the point of the beam. The relation of these

forces t b and k b to the oblique force will be as the length of the hues i b and k b to

the line bf or the line i b will represent 322 lb., while the oblique force is 336 lb.,

and the force k b 95 lb. This last force is represented as lifting the beam
vertically by suspension, but tho same result would follow if the beam were
supported by a wheel under the point b ; the wheel would then bear up the

beam with the same force as that by which it was supposed to be suspended,

95 lb. But to carry out the supposition, let the draught now found be applied

horizontally from the point c. As the plough would then have no tendency
either to dip or rise, the force k b vanishes, leaving only the direct horizontal

force c e
;
hence, were it possible to apply the draught in a horizontal direction

from the point of resistance c, the resistance of the plough would be 322 lb.,

instead of 336 lb.

779. But to return to the previous position of the draught, and still sup-

posing it to be in the horizontal direction, and thereby requiring that the

point of the beam have a support to prevent its sinking too low. This support

may be supposed either afoot, as seen in many both ancient and modern ploughs,

or in the shape of a wheel or wheels, so much employed in many of the English

ploughs. Wo see at once, under this consideration, the office that a wheel per-

forms in the action of a plough. It has been shown, that, whether the plough

be drawn in the ordinary direction of draught bf in which one obliquo propel-

ling force only is exerted, or with two antagonist forces, b t, in the horizontal

direction, and the upholding force b k in the vertical, we find that, in the vertical,

tho difference in favour of the motive force is only ^ of the usual resistance

;

but the upholding force is equal to f , while none of these variations has pro-

duced any change in the absolute resistance of the plough. The impelling force

is theoretically less in the latter case ; but since the wheel has to carry a load

of 95 lb., we have to consider the effect of this load upon a small wheel, arising

from friction and the resistance it will encounter by sinking less or more into

the subsoil. We have ascertained, from experiment, that the difference of

force required to draw a wheel of 12 inches diameter, loaded as above described,

and again when unloaded, over a tolerably firm soil, is equal to 22 lb., a quantity
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exceeding l£ times the amount of saving that would accrue by adopting this

supposed horizontal draught with a wheel. Having thus found the amount of

draught at two extremities of a scale, the one, being the oblique draught, in

common use, at an angle of 20*, the other deduoed from this through the medium

of the established principles of oblique forces, and the oblique force producing a

saving of only ^f of the motive force, while it is encumbered with an additional

resistance arising from the support or wheel, it necessarily follows that

at all intermediate angles of draught, or at any angle whatever, where the

principle of the parallelogram of forces finds place—and it will find place in

all cases where wheels yielding any support are applied to the plough under the

beam—there must necessarily be an increase in the amount of resistance to the

motiveforce.

780. This being a question of some importance, the diagram, fig. 294, will

Fljr. SH.

mi ji[»ciit or ti:k -.iaajout cr wurn-i-uvaai.

render it more evident. Lot a be the point of resistance of a plough's body,

b the point of the beam, c the position of the horse's shoulder, and a d the

horizontal line ; then will c a d be the angle of draught equal to 20°. Let the

circle e represent a wheel placed under the beam, which is supported by a stem

or shears, hero represented by the line e b. In this position, the point of the

beam, which is also the point of draught, lies in the line of draught ; the wheel,

therefore, bears no load, but is simply in place, and has no effect on the draught;

the motive force, therefore, continues to be 336 lb. Suppose now the point of

the beam to be raised to g, so that the line of draught g c may be horizontal;

and since the line of draught lies now out of the original line a b c, and has

assumed that of a g c (g being now supported on the produced stem b g of the

wheel), draw^ t perpendicular to a c, and complete the parallelogram aigk\
the side a i will still represent the original motive force of 336 lb., but, by the

change of direction of the line of draught, the required force will now be

represented by the diagonal a g of tho parallelogram, equal to about 351 lb.

;

and g c is a continuation of this force in a horizontal direction. The draught is

therefore increased by 15 lb. Complete also the parallelogram a I g m, and as

the diagonal a g—the line of draught last found—is equal to 351 lb., the side

I g of the parallelogram will represent the vertical pressure of the beam upon the

wheel e
1
equal to about 200 lb., which, from experiments (par. 779) may bo valued

at 40 lb. of additional resistance, making the whole resistance to the motive force

391 lb., and being a total increase arisingfrom the introduction ofa wheel in this parti-

tion of 55 lb. Having hero derived a maximum—no doubt an extreme case

—

and the usual angle of 20" as the minimum, we can predicate that, at any

angle intermediate to lab and lag, the resistance cau never be reduced to the

minimum of 336 lb. Hence it follows, as a corollary, that wheels placed under
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the beam can never lessen the resistance of the plough
;
but, on the contrary,

must in all cases increase the resistance to the motive force more or less,

according to the degree of pressure that is brought upon the wheel, and this will

be proportional to the sine of the angle in the resultant a g of the line of draught.

781. The application of a wheel in the heel of a plough does not come under

the same mode of reasoning as that under the beam, the wheel under the heel

becoming a part of the body, from which all the natural resistance flows ; but

in viewing it as a part of that body only, we can arrive at certain conclusions

which are quite compatible with careful experiments.

782. The breadth of the whole rubbing surface in the body of a plough, when
turning a furrow, is on an average about 17^ inches, and supposing that surface

to be pressed nearly equal in all parts, we shall have the sole-shoe, which is

about 2£ inches broad, occupying \ part of the surface ; and taking the entire

average resistance of the plough's body, as before, at 336 lb., we have T of this,

equal to 48 lb., as the greatest amount of resistance produced by the sole of the

plough. But this is under the supposition that the resistance arises from a
uniform degree of friction spread over the whole rubbing surface of the body

;

while we have seen, on the contrary, that the coulter, when acting alone, pre-

sents a resistance equal to the entire plough. It is only reasonable, therefore,

in absence of further experiments, to conclude that the fore-parts of the body,

—the coulter and share—yield a large proportion of the resistance when turning

the furrow-slice; but since we cannot appreciate this with any degree of exact-

ness, let the sole have its full share of the resistance before stated—namely, 481b.

If a wheel is applied at or near the heel of the plough, it can only bear up the

hind part of the sole, and prevent its ordinary friction, which, at the very

utmost, cannot be more than J of the entire friction due to the entire sole. A
wheel, therefore, placed here, and acting under every favouring circumstance,

even to the supposed extinction of its own friction, could not reduce the resist-

ance by more than 24 lb., being the half of that due to the entire sole, or it is

yj of the entire resistance. But we cannot imagine a wheel so placed to

continue any length of time, without becoming clogged in all directions,

thereby greatly increasing its own friction, seeing the necessarily small

portion of any wheel that can be so applied will sink into the subsoil to an

extent that will still bring the sole of the plough into contact with the sole

of the furrow. It will thus be found that the amount of reduction of the

general resistance will be very much abridged, certainly not less than one-

half, which reduces the whole saving of draught to a quantity not exceeding

12 lb., and even this will be always doubtful, from the difficulty of keeping such

wheels in good working condition. This view of a wheel placed at the heel

has been confirmed by actual experiments, carefully conducted, wherein Palmer's

patent plough with a wheel in the heel (as patented many years ago—but in

this case it was applied on the best principles), gave indications of increased resist-

anceJrom the use of the wheel, as compared with the same plough when the wheel

was removed; the difference having been stone, or 21 lb., in favour of no
wheel. We hesitate not, therefore, to say, that in no case can wheels be of

service towards reducing the resistance of the plough, whether they be placed

before or behind, or in both positions, and the chances are numerous that they

shall act injuriously.

783. Swing and Wheel Ploughs.—Such may be taken as an exposition of what
we deem correct theoretical principles, by which to test the utility or otherwise

of wheels as an addition to ploughs. But the vexed question as to which is the

best—the wheel or swing plough—is not, we conceive, to bo decided simply on
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theoretical grounds ; considerations of economy and expediency mnst be taken

into account. It seenis to be conceded, even by the most energetic advocate of

the swing-plough, that the wheel-plough will enable an inexperienced workman
to perform work of tolerably useful character, while the swing-plough would in

his hands be almost entirely useless
;
again, that while an experienced workman

has "no great difficulty"—wo quote the words of a well-known Scotch agricul-

turist— "in making straight furrow-slices with swing-ploughs," he has "very
great difficulty indeed in making them of uniform depth

:

" with wheel-ploughs

this uniformity of depth is insured.

784. Here, then, we have an obvious distinction between the two forms of

ploughs, the swing having more of the character of an implement; the

wheel, more of the character of a machine. The distinction here pointed out

is important, and should not bo lost sight of while attempting to decide which
is the best form of plough. Let us pursue the matter a little further. A
machine operating upon a substance which varies little from its normal con-

dition, may be constructed so as to be nearly in all things self-acting, requiring

from man little more attention than is necessary to supply it with the material

upon which it is designed to operate. An implement, on the contrary, required

in an agricultural operation, may, and often does, demand the exercise of skill

on the part of the worker to enable it to meet the peculiarities of a soil or crop

constantly varying in character. The more completely, therefore, we can make a
machine do its own work, and adjust itself to its own requirements, the more com-
pletely are we freed from the necessity of employing skilled labour, and the

cheaper, consequently, can we do our work. Provided we can get work enough
for our machine to do, it is cheaper to construct an expensive machine to do its

work with only unskilled, than to employ less perfect mechanism necessitating

the employment of skilled labour, which is always found more difficult to be
obtained than unskilled. Our manufacturers know the truth of this, and care

little for the expense of a machine so that it enables them to employ unskilled

labour. The more fully this is carried out, the lower do we find the scale of the

wages of the workpeople employed ; while the nearer the mechanism obtains

the character of an " implement," the wages of the attendant increases.

785. We thus take it for granted, what doubtless will be by all conceded, that

the " wheel " possesses more of the characteristics of a machine than the swing-

plough ; and further, that in many districts—this holding more especially true

of England—soils are met with possessing that uniformity of character which
best aids the operation of a machine adjusted to do a specific kind of work.

Such being the case, it is obvious that the work of ploughing will be more
cheaply done when it can be performed by unskilled than by skilled labour

;

and with such a soil as we here suppose, no one will deny that the work will be
as well done as with the swing-plough.

786. We find this consideration enforced very clearly by Mr Handley in his

Essay on Swing and Wheel-Ploughs. "I cannot but consider," he says, "the
fact of the wheel-plough demanding less skill in the ploughman to be a con-

siderable advantage on its side, though it receives but little favour among first-

rate swing-ploughmen, who are accustomed to estimate highly their own manual
dexterity, from the circumstance of the quality of their work depending on
dexterity alone. Undoubtedly there are many mon who will make as good work
with a swing as with a wheel-plough ; but if we take a district (and it need not

be a large one) in which a hundred ploughmen are required, it is more than
probable that not ton such will be found. This of itself appears to me to be a
strong argument in favour of the wheel-ploughs. It has been objected that they
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create a nursery of bad ploughmen, inasmuch as it is in the power of any one

to make a good furrow with a wheel-plough, while it tests the abilities of a man
to produce the same effect with a swing-plough. When, however, it is called

to mind that boys can be instructed at an earlier ago in the use of the plough,

and enabled to come into better earnings than they could do otherwise, aB well

as that a boy at lOd. per diem wages may benefit his master by making as good
work with the one implement as a man at 2s. cau execute with the other ; and

that the advantage shall be obtained of an even furrow throughout the field,

rarely effected by a gang of swing-ploughs, with depth, width, and angle of

inclination performed with almost mathematical precision, thereby producing an

unvarying bed for the seed and a regular edge for the harrows,—the advantage

of the wheel-plough can scarcely be estimated too highly, and marks a decided

preference."

787. So much, then, for the question of economy with reference to the employ-

ment of skilled and unskilled labour. The advocates of wheel-ploughs, however,

go further, and point to a wide experience in evidence of economy in draught.

Mr Handley, whose practical experiments with wheel and swing-ploughs resulted

in showing that a diminished force was required by the wheel as compared with

the swing-plough, states that it appears to him that this diminished force of

draught is " principally, if not fully, explained by the more uniform horizontal

motion communicated to the share and solo of the wheel-plough, through

the regulating medium of the wheels at the fore part of the beam, which
diminish the shocks arising from the continual vibrations of the implement when
balanced between the hand of the ploughman and the back and shoulders of the

horse. It is not contended that the wheels so situated act the part of lessening

the friction between the sole and soil, but they keep the rubbing part more
truly to its depth, and maintain its horizontal action more correctly ; whereas

the horses affect a swing-plough at every step by the irregularity of their proper

movement, which has to be counteracted by the effort of the man at the opposite

end. Thus conflicting forces are momentarily produced, and continual elevations

and depressions of the point of the share take place, together with deviations

from the flat position of the sole, which should be retained at right angles to the

perpendicular, and to remedy which, unskilful ploughmen bear unequally on the

stilts, which produces a lateral pressure landwards, and consequently a great

amount of friction along the whole of the left-side plane of the plough. How-
ever small may be the efforts of the plougliman to keep his plough 1 swimming
fair,' those efforts must be attended with increased resistance, and consequently

with increased exertion of the horses."

788. We have deemed it right thus to give both sides of the question, not so

much with a view to decide which of the two forms of ploughs is best adapted

for work, but mainly to show that, as there is a distinct difference of character

between them, so there must necessarily be a class of soil in which one is better

fitted to do the work than the other. This compromise of opinion, we take it,

must be made by the advocates of the two forms. Wherever a soil approaches

the character of uniformity (which we have shown is necessary for the operation

of a machine), the more closely we can bring this machine to the condition where

it is self-adjusting and requires little exercise of mind on the part of its attend-

ant, the more economically, and, cateris paribus, the more perfectly, will it* do its

work. In such cases the balance of circumstances is in favour of wheel-ploughs.

On the other hand, it must be conceded that in some districts, and in Scotland

generally, the soil is so crude, unsteady, and unequal, that some exercise of skill

and forethought on the part of the attendant is imperatively demanded before
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the plough can do its work well : in such cases the balance of circumstances

is in favour of the swing-plough.

789. Now, it will be pretty generally admitted that, as a rule, the soil possess-

ing a uniformity of character is more frequently met with in England than it is

in Scotland, where the unequal soil is prevalent. May not this circumstance

give ub somewhat of a clue to the reason why in England wheel-ploughs are

such favourites—the swing an equal favourite in Scotland ? It certainly seems

to ub that this is a more philosopliical way of accounting for the difference of

opinion than that generally received, which attributes it to mere prejudice—one

mutually held by English and Scotch agriculturists. Prejudice may sustain its

power for some time, but when its maintenance is found to be at the expense

of time and money, it soon loses its force and influence. A statement may be

here permitted, and one which is pregnant with meaning, namely, that the

opinion of Scotch agriculturists, long and almost universally inimical to wheel-

ploughs, is fast becoming modified, and that they are being introduced success-

fully into practice. May not this arise from the circumstance that some soils,

through superior culture, have assumed that uniformity of character which
enables the wheel-plough to be worked where, in times gone by, it would have
been found almost inoperative. Indeed, we may state it without hesitation, that

as long as the soil contains a large proportion of loose though even 6mall stones,

there the use of the wheel - plough is impracticable, and the swing-plough

implement is required to wend its way through them by skill, and not by mere
force. On the other hand, smooth soils are just the medium for the exercise of

the wheel-plough machine.

790. 1"ester Experiments on the Draught of the Plough.—As the comparatively

easy draught of the plough is an essential facility to the quick ploughing of the

land, it may interest our readers to learn the method adopted by the Marquess
of Tweeddale of reducing the draught of the East - Lothian plough, Plate I.

The experiments were conducted in the following manner : Whenever it was
attempted to penetrate the soil to the depth of 12 or 14 inches with the East-

Lothian plough with four horses, it was found that the strain upon the arms of

the ploughman was much more than he could bear, and that the mould-board
could not clear itself of the furrow-slice without such an over-strain upon the

horses as to endanger the integrity ofthe harness. It required no dynamometer
to indicate the great weight of the draught, it being too plainly indicated by
the exhausted state of the men and horses. It was therefore clear that as long

as the form ofthat mould-board was what it is, it would bo subjected to an upward
pressure from the furrow-slice whenever the plough was wanted to go to the

depth of 14 inches into the soil ; that the plough was thereby raised towards

the surface of the ground, and that the furrow-slice did not fall away of its own
gravity from the ear of the mould-board. To obviate these difficulties, it was
determined to experiment, and the conjecture was formed that a mould-board
convex in front would in the first place clear the furrow-slice, and then allow the

plough to go down. A mould-board was accordingly made of wood of a convex
form. A model furrow and furrow-slice were at the same time made in the ground
with the spade, and the plough with the wooden mould-board fitted into it and
worked. Wherever the mould-board was found to be too full, it was cut away ; and
where too lean, a veneer of wood was nailed upon it. Thus, one modification

after another was made in the mould-board by the suggested practical ideas of

the farm-steward, ploughman, and carpenters, and each suggested modification

was made in the forenoon and tried in practice in the land in the afternoon.

When, by a repetition of this process, the wooden mould-board had acquired the

shape that gained the end desired, a piece of sheet-lead was beaten upon it to

Digitized by Googl



STEAM-PLOUGHING. 223

take a mould of its shape, and from that mould a pattern was constructed, from

which a casting was made of an iron mould-board. This method of trial and
error is clearly the sound practical way of arriving at results which cannot be
attained in any other by theory or deduction.

791. The result of these interesting and now proved to be important experi-

ments has been the forming of a mould-board, as represented in figs. 5 and 6,

Plate II., which allows a plough drawn by four horses to go to a depth of 15

inches in any soil with as much ease as any common plough goes to the depth of

10 inches with two horses. Thus originated the " Tweeddale Plough." The
secret of its success is, that the mould-board, instead of pressing against the

furrow-slice along its entire length, gets quit of it at once by its convex breast,

and causes it to slip along in a straight line till it reaches near its ear, where
the furrow-slice assumes its proper position by its own gravity. The action

of the moul^-boards may be easily compared by inspecting figs. 5 and 6 in

Plate II., with figs. 1, 2, 3, and 4. Friction of the furrow-slice is thus practi-

cally avoided.*

792. A remarkable coincidence of form between the mould-board of the

Tweeddale plough and the hull of a ship built on the most recent scientific

principles, may here be mentioned. Were a similar section of the mould-board
of the Tweeddale plough to that represented in fig. 6, Plate II., added to it

on its other side, a section would be produced which would be a facsimile

of the transverse section of the hull of the frigate Vernon. Thus the form of

the easiest-going plough in land has been practically brought to be identical

with the scientific form of the hull of the fasteBt-sailing frigate on the sea.

793. Having considered the power of the horse in its connection with the

plough, we shall now turn our attention to that of steam as a substitute.

794. Steam-Ploughing.—" Steam-Culture" and " Steam-Ploughing" are terms

which, though used synonymously, differ widely in their signification : steam-

ploughing is precise and defined, steam-culture is vague and indefinite. Steam-
culture may include a variety of implements, or may apply only to one;

steam-ploughing refers to one implement only. By steam-ploughing we under-

stand at once that the plough, in its ordinary form, is accepted as the imple-

ment best calculated to prepare the soil for the after processes ; the term steam-

culture, on the contrary, leaves the question an open one as to what really con-

stitutes the best method of preparing the soil. While by no means denying
that there may be a method by which the soil will be prepared in a more econo-

mical and philosophical manner than that obtainable by the plough, still we
think it will be admitted that, with the majority of practical men, the plough
is considered the best implement which has yet been introduced, and that for

many years to come it will be the only one which will be employed. Certainly,

of the many plans proposed to prepare the soil by means other than the plough,

none have taken that position which would induce practical men widely to intro-

duce them. The whole question is in a transition state, and the experience of a
few years may show that steam-ploughing—that is, applying the power of steam
to drag the ordinary plough—is a mere necessity of a particular implement,

and that it will be more economical to adapt a new implement to the new power

;

while, on the other Sand, experience may tend to fix the plough more firmly in

the estimation of practical men, and prove that what is really wanted is the appli-

cation of a new power to the old implement. The general adoption of deep cul-

ture would necessitate the adoption of steam-power. Taking this view, then,

that steam-ploughing is a thing accomplished—apart altogether, however, from
the question of commercial success—and that all other methods of cultivation,

• Yttter Deep Land-Culture, p. 80-2.
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as " rotatory " or " steam digging," are but little removed, if any, from the

field of speculation and conjecture, we propose to direct attention to the prac-

tical details of those plans of steam-ploughing which have been successful in

practice ; and the two we take as examples are the plan of the Marquess of

Tweeddale and that of Mr John Fowler, C.E.

795. While, however, holding this view, we deem it right briefly to sketch

the plans proposed to prepare the soil by u rotatory cultivation," that being the

direction in which the majority of those who hold that the plough is not the best

implement which can be used, are at present looking.

796. Rotatory Cultivators.—In this class of projects the engine passes over the

land, working rotatory cultivators—those forming part of the machine. The
best known of this class are those of Usher and Romaine, the first of these

being earliest in point of date.

797. Usher's Steam~Plough.—Mr Usher's machine is generally designated a

steam-plough ; but although the parts effecting the stirring of the soil are

n«. 2M. formed like the plough, still their

~ y-'^ * action is rotatory, and partakes

*\fli,f^'' J^51*^3
]

little of the peculiar method by

yrr J « V^V\ C

!
which the ordinary plough lays

fy over the furrow-slice at a certain

\ definite angle. We therefore class

it as a rotatory cultivator.

798. The invention consists of

two parts: First, the mounting

a series of ploughs in the same

plane round an axis or shaft, in

fig. 295. To this shaft are at-

tached a series of plates or discs,

fixed at equal distances. To these the ploughs are attached, the under edge

of the mould-board and share of each of which is struck to a curve from the

centre of revolution a. These ploughs, in revolving, penetrate the soil, and

by their mould-boards turn it over. Each of these discs has attached to it three

arms or projections, as b b b, terminating in the radial direction as shown in

the figure from a. To these arms the tilling parts are affixed. Theso consist

of the parts c c c—acting as the mould-board in the common plough. To the

fore-part of the mould-board a wrought-iron bar is affixed, fonniug a head or share

bearer ; to this the shares 5 a a are adapted and fixed by its socket. Adjust-

able coulters d d d are affixed in front of each share. By this arrangement

each plough in one disc follows successively into action ; and the ploughs on

the other discs are so arranged that no two of them will come into action at the

same moment The plough-shaft a has its bearings at the end of an adjustable

or swing-carriage, which vibrates on the centre at e, and the extremity of which

at / is formed into a rack, which is operated upon by a small pinion, worked

by the loose handles g. In this way the ploughs can bo taken up out of contact

with the ground at the pleasure of the attendant.

799. The second part of the invention consists in applying the power of a

steam-engine to give motion to the shaft, with ploughs attached, in such a

manner that " the resistance of the earth to the ploughs or instruments as they

enter and travel through the earth shall cause the machine to be propelled, thus

making the ploughs act in the earth in the same way as paddle-wheels do in

the water, by which the vessel is moved along."

800. The movable frame fed, fig. 295, supporting the rotatory ploughs, is
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connected with the carriage-frame, which carries the steam-engine and boiler

—

the former being of the horizontal species. To the front of this carriage-frame

a pair of running-wheels are provided ; these are mounted in bearings, attached

to a horizontal swivel-frame, part of which is provided with a circular rack, into

which a pinion works
;
by turning a handle connected with this, the swivel-

frame is turned round in any direction required, and the machine is thus made
capable of being turned at the headlands in a comparatively small space.

801. The following are the movements by which the machine progresses, and
the rotatory cultivators are worked. To the crank-shaft of the steam-engine a

pinion is keyed ; this takes into a spur-wheel h h, fig. 295, carrying a second
pinion / t, which again takes into a spur-wheel e fixed on the shaft of the cylinder

roller, bearing on the soil. By this arrangement a slow progressive motion, is

given to the machine. The spur-wheel h A, taking into a pinion on the shaft a
of the rotatory cultivator, shown by the dotted lines, gives, at a slightly-increased

speed, revolution to the plough-shaft.

802. Although the part of Usher's steam-plough which immediately affects the

soil is like the mould-board of the common plough, yet its effect upon the soil is

very unlike the action of the plough. Instead of the effect of a mould-board, it is

liker the effect of a large sharp hoe passed with much force through the surface -

soil to the depth of several inches, scattering it in a dispersed manner imme-
diately behind the machine. From the closeness of the discs, and their consecu-

tive action, friable soil is completely pulverised, and this is the only sort of soil

upon which we have seen the machine operate ; but upon clay not over-dry

we suspect that it will be thrown up into lumps, which will soon harden into

clods in dry weather.

803. Romaine's Rotatory Cultivator.—Next in point of date is the rotatory

cultivator of Mr Romaine of Canada. The engines are horizontal, and are sup-

ported, one on each side of the boiler, by an open framework, between the sides

of which the vertical boiler is centrally placed. The framework is supported

by two large loose running wheels, the axle of which is bent so as to pass under
the boiler ; these running-wheels are very broad in the tire. The framework is

extended forwards in front of the boiler to a considerable length, and supports at

its further extremity a bearing, in which revolves the horizontal shaft of a land-

roller, which is used to relieve the framework of a portion of its weight when in

action. About midway between the axle of this roller and that of the large

running-wheels, the frame is made to extend downwards to provide a bearing

for the horizontal axle of the cultivators or cutting implement. The depth to

which the cutters operate is simply effected by making die framework vibrate on

the axle of the main driving-wheels, and "tipping" it up to any desired elevation

by means of a rope and small windlass fixed at the end of the machine opposite

to that at which the cutters work.

804. The mechanism for driving the cutters is as follows : On each end of

the shaft of the revolving cutter a bevel-wheel is keyed. These are concealed

in the open ends of the revolving cylinder, so that this can work quite close to

the ground without disturbing the action of the gearing. Smaller bevel-wheels

are keyed on to the foot of vertical shafts, to the upper end of which cranks

revolving horizontally are keyed, and to which the connecting-rods of the hori-

zontal engines, one at each side of the framing, are connected. The vertical

nhafts have their bearing in the framing.

805. A progressive motion is given to the whole machine^ and the cutters are

kept well up to their work by the following means : Parallel to the axle of the

main running-wheels a shaft is made to revolve in bearings on each side of the

p
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{Taming. This carries at each end a pulley or rollers made of India-rubber or

other elastic material. The length of these pulleys a little exceeds the breadth

of the tire of the main running-wheels, and againBt which they revolve in close

contact. The friction of the rollers against the periphery of the running-wheels

causes these to revolve and make the machine move forward. The rollers are

also capable of revolving in the opposite direction, causing the machine to go
backwards, and release the cutters from the soil by the following mechanism :

To the vertical shafts a bevel-wheel is keyed horizontally ; this takes into a

vertical bevel-wheel keyed on to a horizontal shaft, having its bearings in

vertical " hangers" fixed to the side-framing. A movable " clutch" is attached

to the horizontal shaft, and is provided with a bevel-wheel at one end, and a

corresponding one at the other. These take into a bevel-wheel fixed at one end
of the shaft bearing the elastic rollers, according as the clutch is moved back-

rig.,,* wards and forwards. The clutch is operated

upon by levers, the handle of which is placed at

the front of the machine. This system of driving-

gear may be easily disengaged by means of a
quick screw - movement, which shall draw the

elastic rollers out of contact with the peripheries

of the running-wheels. The inventor, in the

drawings he has published, has shown a pair of

screw-spindles fitted with foot-levers, by means
of which the attendant can keep the rollers hard
pressed up against the wheels

;
or, by reversing

the screw, can release them altogether.

80G. The following is a description pf the

digging apparatus : The shaft carries a cylinder,

part of which, a a, fig. 296, is shown, provided

with a set of radiating arms b 6, c c, to wluch the
knives or cutters d are attached. These arms are sot at equal distances apart
upon the cylinder, and the knives or bars are screwed or riveted to their outer

ng.^ ends. Fig. 297 gives a transverse section of the cutting-knives or

bars. The edges of these bars, which may be either plain or ser-

rated, are so set, that on the revolution of the cylinder they are

the most favourably disposed for entering and cutting the ground

;

and they are made either parallel with the axle, or set spirally or

inclined thereto ; or the bars may be formed of double angular lengths,

so as to present points and angular surfaces during working. Curved
picks may also be attached to the digging cylinder.

oV^m
0
*!^.'? 807. It may interest our readers to know that this machine is the

ccltivitor. OQ0 aije(j funo|g voted by the Canadian Legislature, which is

" taking the lead in promoting cultivation by steam." Mr Romanic fully

anticipated a public display of the powers of the apparatus at the Agricultural

Exhibition at Paris in 1856, but a variety of difficulties which arose in per-

fecting its details prevented this. Mr J. Evelyn Denison, M.P., who, at the

request of our Government, drew up a Report of the Exhibition, thus speaks
of the machine :

" Still it is just to Mr Romaine that I should bear testi-

mony to what I saw, and to the point which he had attained. I saw, in a
field near Paris, Mr Romaine's machine, carrying its own boiler and engine,

travel by its own locomotive power 100 yards up one field, and break up
and cultivate the land in its course." The manufacture of this machine has
been taken up by Mr Crosskill of Beverley, and a recent trial of one manu-

or WOOIKO-CTI IMDBR Of 1

cultivator,
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factored by him has been attended, according to a newspaper report, with satis-

factory results.

808. Heathcoat's Steam-Plough.—First in point of date is the Steam-Plough of
John Heathcoat, Esq., M.P., introduced in 1833, specially for the reclamation of

bogs or mosses, a species of soil offering, perhaps, the greatest natural obstacles to

improvement by mechanical means. The machine embraced three distinct parts

—(1) the steam-engine, and mechanism capable of moving along the field
; (2)

the two auxiliary carriages, placed at the distance of 220 yards on either side of
the steam-engine, and each of which is capable of being moved along the field in

a direction parallel to the line of movement of the steam-engine
; (3) the ploughs,

which traverse between the steam-engine and auxiliary carriages. In fields of
limited dimensions only one plough and one auxiliary carriage is used.

809. For the matter of the following description of the parts of mechanism and
the method of ploughing, we are indebted to an article in the Transactions of the

Highlandand Agricultural Society, vol. xii. p. 75 : "The parts forming the medium
of locomotion consisted of two pairs of skeleton drums, one placed at each end of
the apparatus. These pair of drums were 26 feet apart, and are 9 or 10 feet

in diameter. Their position resembled that of the wheels of a four-wheeled
waggon. They were formed individually by the combination of three wheels of
equal diameter, placed parallel to each other, and connected by a common axle.

The two drums on each side of the machine, being one of each pair, were
embraced by a great endless band of about 7£ feet in breadth, composed of
planks and iron hoops so arranged as to form a flexible driving-band. The
axles of the drums were supported in the extremities of a strong frame, which
was again supported by a number of small friction-rollers upon the lower part of
the great bands. These wheels or friction-rollers were arranged in rows, so
placed that they fell upon the lines of hoop, while at the same time they turned
upon axles fixed to the frame or platform, and thus afforded an easy smooth
motion to the platform, even when loaded with its maclrinery. In this manner
the great bands formed a perfectly portable and smooth road for the platform,
so that whatever was the onward velocity of the whole apparatus, the continually

succeeding parts of the bands laid themselves down under and before the fore-

most drums ; while the bands, with their broad surface on the moss, gave an
evident stability to the whole. On the platform thus described, the steam-engine
with all its appliances was placed. The engine resembled an ordinary locomo-
tive of the period, the speed being reduced to the necessary rate by a combina-
tion of gearing which branched off to each side of the engine, and ended in a
large spur-wheel fixed on the axle of each of the drums situated towards the
left of the machine. Another branch of gearing was led off to each side of the
engine to give motion to a set of pulleys. On these pulleys the flat iron band
was coiled which dragged the ploughs. The auxiliary carriages already adverted
to were furnished with the requisite gearing, by which they could be moved
forward as desired. Each carriage was also furnished with a plain pulley, round
which the flat band above alluded to was passed. This band proceeded from
and returned to the principal machine, and was coiled by the power of the
engine round the pulley thereto attached. The plough was connected with the
band. Each of the carriages moved upon two lines of planks, one line being
laid on the natural surface of the moss, the other, to resist the drag of the plough,
was laid in a shallow trench cut in it. Three lengths of plank were all

that were necessary, the one behind being brought up and laid in before the
others in regular succession as the work proceeded. The plough was double

—

that is, had two sets of stilts, one set at each end, and each set had four handles,
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it being found necessary sometimes to employ two men to guide the plough.

There were also two shares, coulters, and mould-boards ; these being both on
one side, set tail to tail. The plough acted to and from the machine without

turning round. The form of the mould-boards was such that the furrow-slice

was laid completely over, with its heath surface downwards.

810. "The auxiliary carriages, as before mentioned, moved in lines parallel to

the roadway of the principal machine, and at a distance of 220 yards therefrom.

The flat iron bands, each of 660 yards in length, passed out from each side of

the macliine, where the ends were secured to one of the machine pulleys on the

respective sides
;
they were then passed round the large pulleys of the carriages,

and returned to the machine. At this point the plough was attached to the

band, while as much more band was coiled round the other machine pulleys

respectively as was equal in length to the distance between the machine and
the carriages. The steam-engine being put in motion, the action was us

follows : The second branch of gearing was adjusted to act upon the pulley,

to which the end of first band was attached ; this pulley coiled up the band,

caused the plough to advance towards the carriage at the same time the other

pulley, which was free to uncoil, delivered off" its portion of band. When the

plough reached the auxiliary, the motion was stopped, the plough was set to

the next furrow ; the action of the steam-engine on the pulleys was changed
by shifting a clutch from the one to the other ; and the pulleys reversed their

duty, that winch had been uncoiling now being the coiler, and so on alternately."

811. The macliine and its auxiliaries had, according to the statement of the

inventor, to be moved only 1 1 yards for every 6^ miles travelled by the plough,

and for every statute acre worked. The principal machine weighed, with a six-

ton load of fuel, about 30 tons ; it had a superficial bearing of 390 square feet,

and exercised a pressure of 178 lb. on each square foot of moss. This buoyancy
would have enabled it to have traversed much softer soil than flow-moss. The
two steam-engines had cylinders of 10 inches diameter and 24 inches stroke,

making 60 strokes per minute. The machine travelled 1 inch for every stroke

of the engine—the pressure to allow this velocity being 4 lb. on the inch. The
flat iron band used for dragging the plough was 2£ inches broad and ^ of an
inch thick. The friction of the band with the empty plough required a pressure

of 8 lb. to overcome it ; but when the plough had hold of the furrow-slice, the

pressure required was 13 lb. The force required to work one plough, moving
at the rate of two miles an hour, turning over a furrow-slice 18 inches by 9
inches, was equal to fifteen horses. From l£ to 2 tons of coal were consumed
per day.

812. The weight of the plough was 12| cwt. The number of men required

to work the plough was as follows : two to conduct a plough, one to attend to

the movement of the auxiliary carriage, and one to prepare the end of the furrow

next to the machine for the entrance of the plough in the succeeding bout. The
full complement of men for two ploughs was reckoned at eight labourers, one
engine-man, and a boy to assist at the machine. Although this machine " proved
itself," in the words of the report, " in ploughing wet bog-land," for some cause

or other it was not carried practically out, and is now superseded by other

arrangements more perfect in mechanical details.

813. Lord Willougliby d'Eresby's Steam-Plough.—We have now to notice the

steam-plough introduced by Lord Willoughby d'Eresby. In general arrange-

ment, and in its principle of working, the plan resembles somewhat that of Mr
Heathcoat's, just described, with this difference, that in place of the engine-

and-pulley mechanism being placed in the centre of the field, with an auxiliary
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carriage on one side, or on each side of it, two engines are used, one placed at

each side of the field, a double plough working parallel to each other being

drawn from and to each engine, two furrow-slices being turned over at the same
time. Each engine is provided with a capstan or chain-barrel, on which the

chain is wound, and from which it is unwound alternately. Only one engine,

therefore, is occupied in hauling the ploughs across the fields, winding up on its

barrel the chain to which the ploughs are attached ; the other end of the chain,

attached to the non-working end of the plough-frame, being at the same time

unwound from the capstan of the opposite engine. Each engine as it is alter-

nately at rest—so far as working the plough is concerned—is moved along a
tramway of planks. There are also two sets of ploughs in the frame, one at

each end, and looking in opposite directions, each set being easily lifted up out

of contact with the ground by means of racks and pinions. By this arrangement

the necessity for turning the ploughs is obviated
;
they are simply moved along

the field a distance equal to the width of two furrows, where the one set which

has just finished the furrows is lifted up, while the other set is placed in contact

with the ground. The engine in the opposite side of the field is then put to

work, when the ploughs are drawn across the field. The double plough in the

centre of the frame has shares at both ends, the mould-board being fixed on a

bearing, so that it can be turned to suit the direction in which the plough is

going. The wheels on which the plough-frame runs are easily adjusted to suit

the depth of ploughing.

814. The plough is capable of ploughing two 9-inch-deep furrows, 163 yards

long, in two minutes, or, allowing for shifting forward and altering the position of

the plough, gives five minutes for the double journey. This rate gives 4 acres

a-day as the result. The cylinders are 8 inches diameter and 12 inches stroke,

and the engines make 120 revolutions per minute. The pressure required is

40 lb. to the inch.

815. The Marquess of Tweeddale's Steam-Plough.—We now proceed to con-

sider the two plans which we have selected as examples of the present position

of the question of steam-ploughing, the first of which is that of the Marquess

of Tweeddale, and the second that of Mr Fowler. Although the extent aud the

practical value of the Marquess's labours have not been so widely known, or so

fully appreciated by those who have been aware of them, as they undoubtedly

deserve to be, no one has contributed so much towards the practical solution

of the question of steam-ploughing as this nobleman. We are glad, therefore,

to avail ourselves of this opportunity to express our deep sense of the obligation

undeT which the agricultural world lies to the Marquess, for the time, research,

and large pecuniary expenditure he has devoted to this most important point

of agricultural economics.

816. In commencing his experiments on steam-ploughing, the Marquess soon

became satisfied, that before working the land with steam-power, whether by
ploughing or digging, it would be necessary to loosen the soil and subsoil, and

to reduce them to a state of pulverisation, at the same time to remove all set-

fast stones and other impediments, so that the machinery of the steam-engine

and the ploughs or digging-apparatus should not be subject to any sudden

concussion.

817. To insure this, the first step taken was to plough the land as deep as

one set of four horses yoked to a plough, and another set of four horses

yoked to a subsoil-plough, would enable to be done, the depth the land being

stirred to an average of 19 or 20 inches, and all stones being removed which

were found within that depth. (See fig. 272.)
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818. With reference to this preliminary operation, the Marquess states that

the more he investigates the subject, the more fully is he convinced of its neces-

sity. The soil should bo rendered as friable as possible, and every impediment

removed which would check the speed at which the engine can work. We are

well aware that this will by many be objected to, as involving unnecessary labour;

but it will be obvious on consideration that the more uniform in character we
can obtain the material upon wluch any machine we employ is to operate, the

more uniform will be the result, and by consequence the more economically and

certainly will it be obtained. Take, for instance, the various processes involved

in the manufacture of cotton. No objection is made by the manufacturer to the

preliminary processes by which the material is prepared to undergo the finishing

operations. On the contrary, every exertion is made to secure mechanism by which

these can be best accomplished, manufacturers being well aware that the more

completely what is called the "preparation" is effected, the more satisfactory

will be the after process, or " spinning." It would be, to say the least of it, a
roundabout way of proceeding to take the crude cotton and spin it as best they

could, and thereafter have machines to rectify all the defects brought about by
want of attention to those preliminary processes calculated to bring the material

into the best condition fitted for the final ones. And yet something of this sort

is done every day in farming. We see processes carried on at great expense of

time and trouble, and complicated mechanism to aid them withal, which are

in fact the mere necessities of an unphilosophical mode of culture, that neglects

the preliminary process which, if effected, would leave the soil in the condition

best calculated to produce the crop, and obviate all necessity for after proceed-

ings ; these after proceedings being in fact simply attempts to get rid of

peculiarities which could have been prevented more quickly and certainly

at the first. It is iu truth a much more reasonable way to prevent weeds
from growing, than to invent and use an elaborate machine to pluck them

up when grown ; to pick out boulders from the path of a steam-plough than

to spend time and money in repairs of accidents which their presence has

brought about, or to stop the progress of the machine till the impediment has

been removed. It is by far the most philosophical way, as it certainly would
be the most economical, to bring the material on which any machine is to operate

to that condition which will enable the machine to perform its work with as little

variation as possible. Tho more any piece of agricultural mechanism departs

from the character of an implement and approaches to that of a machine, the

greater is the necessity for the preparation of the material. A close investi-

gation of tho agricultural inventions of some years back has shown us that more,

or at least as much, attention has been paid to the bringing out of what may
be called "preventive" than "preparative" mechanism.

819. To return to the description of the Marquess of Tweeddale's system of

steam - ploughing, after this, we hope, not altogether useless digression.

After fully considering the three methods of preparing the land—(1) by means
of mechanism calculated to dig the land spade fashion; (2) that of rotatory

motion ; and (3) by the plough—the Marquess decided upon the latter as the best

calculated for the work to be done. To suit tliis implement, however, to the new
power to be employed in its traction, important alterations were made in the form

of the mould-board. (See par. 703, and Plate II., fig. 8, on the Tweeddale plough.)

820. The next consideration was, whether the engine should move over tho

land to be cultivated, and drag the plough after it, or whether two engines should

remain stationary, one on each side of the land to be ploughed, having a wire

rope to draw the ploughs from the one engine to the other. The wear and tear
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of the rope dragging on the ground was considered, and the expense of replenish-

ing it calculated, as also the power required to drag the rope either on pulleys

or subject to the friction on the rough land. Tho result of these considerations

and calculations was in favour of allowing the rope to be drawn along the ground,

the power required to do which was found to be that of one horse.

821. This mode of traction was preferred in consequence of so much power
being required to propel the engine itself over the different conditions of soil to

be cultivated, and obviating that poaching of tho soil which the wheels of the

engine would bring about, especially when the soil was not thoroughly dry.

Indeed, it is evident tliat in plans where the engine passes over the land to be

ploughed, whether provided with the endless railway or not, the great advantage

of steam-ploughing is lost—namely, the prevention of consolidation.

822. In some conditions of the atmosphero, and in some positions where the

engine was at work, delay was caused by failing to keep up the full amount of

the power necessary to perform the work required. To obviate this, two engines

were employed ; when the one was working, the other was getting up the steam

and pumping water into the boilers. This arrangement enabled smaller boilers

to be employed, and the weight of the engines to be greatly reduced.

823. Much consideration was given to various modes of using a capstan

anchored on the side of the field opposite to the engine which performed the

work, also to diminish the friction by allowing the rope to run on pulleys placed

on movable frames. All the appliances of this nature experimented on were
found to cause either additional labour or loss of time, so they were ultimately

set aside. Another plan was frequently recommended, namely, to give the

drag-rope tho velocity used in the circular saw : it was thought that by this

means the weight of the rope would be reduced, and additional speed given to

the ploughs. This principle did not appear to the Marquess to be applicable to

steam-ploughing, as the length of the rope moving over the pulleys would cause

great additional expense in replacing by manual labour the number of pulleys

necessary to preserve tho rapid motion contemplated.

824. The first attempt to plough by steam-power was with a single plough

taking a furrow 15 inches deep by 14 broad. The power of the engines was
soon found competent to drag two ploughs capable of making two furrows of the

above-named depth and breadth. The engines were of 14-horee power each

;

they propelled themselves on the roads in the neighbourhood at the rate of 4

miles an hour, and at this rate they could ascend rising ground of 1 in 1 1. When
they were working in a field, they travelled on movable rails, which were removed

to the front as soon as the engine passed over them. Though the winding

drums of the engines wore so constructed as to give way to any impediment

that would injure the machinery by resistance, the precaution became unneces-

sary from the pulverised state of the soil.

825. The engines had two speeds, the one 3^ miles, the other 5 miles an

hour. When in working trim, with a full supply of water and coke, they weighed

8 tons each, and it required them to weigh as much on a broad gauge, to enable

them to give sufficient resistance to the drag of the plough. Where the engines

are lighter, they must be anchored to afford this resistance.

826. On first commencing operations, the Marquess ploughed with a deep and

wide furrow. No statistical information is now obtainable showing the ratio of

the increase of power with that of depth, commencing at 6 inches, and ending

at 15, increasing an inch at each time. The Marquess, however, is satisfied

that the increase of power required must not be measured by arithmetical pro-

portions^—so much so, that he states that he would undertake to plough 70 inches

Digitized by Google



232 MACHINES FOR THE CULTIVATION OF THE SOIL.

broad and 8 inches deep with lees money than 28 inches broad by 15 inches deep,

whioh is a ratio of4 to 3 in favour of shallow ploughing as regards expense. Where
the preliminary process of pulverising the soil is gone tlirough, the Marquess
states that he would not plough deeper than 8 or 10 inches at most, as it is only the

surface that becomes hard and crusted, while the soil below remains quite tender.

827. The following is a description of the working of the ploughs in the frame

contrived for that purpose : When the ploughs are working, the two left-hand

wheels travel on the unploughed land—the right-hand wheel in front, which
guides the frame, goes in the furrows, and regulates the operation of ploughing,

both as to depth and breadth of furrows ; the hind wheel on the right side is

raised above the frame so as not to press on the right-hand furrow-slice just

turned. To prevent any delay in the ploughs returning to the other side of the

field and making a contiguous furrow, there are two sets of ploughs, one set

above the other, with right and left-hand mould-boards attached to the frame by
an axle, and on which they are turned to suit the following furrow, in the form
of a turn-wrist plough, but with the mould-boards looking different ways. (Com-
pare fig. 277 with fig. 1, Plate VII). On the plough coming close to the engine,

the frame is raised by the engine on a crank shaft ; this is attached to a beam
projecting from the engine, high enough to allow the plough to turn on the axle.

The ploughs are then lowered by the turning of the crank-shaft—the throw of
which is equal to the breadth of two furrows—into the exact position for com-
mencing the return furrow. After this operation is concluded, the steam-engine

is moved forward 56 inches—that is, the width of four furrows of 14 inches each,

and a signal is made to the engine-driver at the other side of the field to start

the engine and draw the plough across. This operation at each end of the

furrows is performed as quickly as a ploughman could turn a pair of horses

in the ordinary mode of ploughing.

828. In Plate VII. we give illustrations of the steam-engine and plough-
carriage—fig. 1 being in elevation, and fig. 2 a plan. The engine consists of

a tubular boiler at a, fig. 2, with a cylinder b 6, one on each side, driving a
cross-shaft c at the end of the boiler. This shaft is connected by mitre-wheels

with a longitudinal one d. This shaft carries two loose spur-pinions of unequal
sizes. Between those a sliding clutch e is placed, by means of which either of

' the spur-wheels can be connected with the shaft. Below the shaft d another
is placed which carries the winding-barrel c, fig. 1 ; a wheel is keyed on at each
end of the shaft, and gears into one of the pinions on the shaft d, fig. 2. Ac-
cording as the small or large pinion on the shaft d gears with the spur-wheel
on the barrel-shaft, is the speed of the latter fast or slow. A wire-rope is wound
or unwound on the barrel c, fig. 1, according to the direction in which it is made
to revolve. The power of the engine is used to make the apparatus locomo-
tive, as follows : On the crank-shaft a mitre-wheel is fixed, which takes into

another wheel fixed on the main driving-axle of the engine-carriage. A clutch
is UBedto place these wheels in and out of gear as required. The barrel c, fig. 1,

is not permanently fixed on its shaft, but can be disengaged from it when
necessary. This is done when the bevel-wheels above mentioned are in gear,

and the power of the engine working the carriage. When it is wished to work
the barrel, and the engine to be stationary, the bevel-wheels are thrown out of
gear, and the barrel fixed in its shaft. By this arrangement, when the engine is

working the carriage wheels, the barrel is stationary, and vice versd. The
bearing or carriage wheels are broad in their periphery or tire, and rest

on temporary wooden rails or planks to prevent them sinking into the ground
when working. When the engine is travelling on ordinary roads, it is
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guided by means of the front wheels, which are smaller in diameter than the

others ; these are fitted to a swivel-carriage provided with a segmental toothed

rack. A pinion fixed to a vertical spindle, provided with a cross handle at top,

gears with the teeth of this rack, and as the cross handle is moved from right to

left, the segmental rack and swivel carriage is moved correspondingly.

829. The plough-carriage consists of two main bars g g, fig. 2, connected at the

ends by cross pieces, and intermediately by two stretchers or distance-pieces.

These are adjustable, so that the distance between them can be varied according

to the breadth of the furrow-slice. The cross ends of the frame move in gudgeons
or journals, in oast-iron blocks or beams, pedestals fixed to the bars h h. The
frame can thus be turned upside-down when required, it being held in any posi-

tion by a small catch at each end, and connected with the axle-bars. The
carriage is supported by four wheels ; those on the land-side have short axles

fixed by pinching-screws to the upturned ends of the axle-bars h h. Of the two
on the furrow-side a peculiar adjustment is necessary, inasmuch as the one
which goes first in the bottom of the furrow, while the plough is going in one
direction, runs on the ploughed land when the plough is going in the opposite

direction, and becomes the last ; the other wheel, which was previously the land,

now becoming the furrow-wheel. To effect this change in the relative position

of the wheels, the following arrangement is adopted : Near the end of the axle-

bare h A, fig. 2, a crank is fitted, the pin of which projects sufficiently to carry

the bearing-wheel. This crank is allowed to make a half revolution only, on the

axle-bar, a block or projecting stop being so fixed as to stop it when it arrives

at the highest and lowest points. The bearing-wheel on the pin of the crank

has attached to its eye a pinion which gears into a wheel keyed on to the bar h.

At the upper and lower ends of its diameter a few teeth are removed from the

wheel. The parts thus deprived of teeth correspond to the high and low posi-

tion of the crank ; so that, when the pinion or the eye of the bearing-wheel by
the half revolution of the crank is placed in either the high or low position, it is

at liberty to revolve without coming in contact with the teeth of the wheel.

When the crank is in its low position, the bearing-wheel is running in the

bottom of the furrow-slice ; but when in this position the toothed wheel is

caused to revolve, and at the same time the crank moved a little out of the ver-

tical position, the teeth of the pinion catch those of the wheel, and cause it, as

it were, to climb round it. When the crank reaches its high position, the block

or stop arrests its movement, and the teeth of the pinion coming, at the same
time, to that part of the wheel deprived of teeth, it is free to revolve. The
bearing-wheel is thus raised from a low position in the furrow to a high position

on the land. In lowering the wheel, the reverse of the movement above described

takes place ; the forced revolution of the carriage-wheel and its pinion, by con-

tact with the toothed wheel, checking its otherwise rapid descent.

830. The two pairs of ploughs i i, jjy
of complete plough-bodies, are mounted

on the main bars g g. The two which act when the carriage is moved in one

direction are marked in fig. 2, Plate VII., by the letters i t ; those which act

while the carriage is moved in the opposite direction being marked by the letters

jj. These two sets of ploughs are made to work to opposite sides, one set

throwing the furrow to the right and the other to the left side ; in this way all

furrow-slices are made to lie over in one direction. When the plough-frame

reaches one end of the open furrow, the furrow-wheel rang up a light inclined

plane made of wood, and which is placed near the engine ; the ploughs are thus
lifted out of the soil, the engine is stopped, and the plough-frame reversed, to

bring the other set of ploughs into action. The other engine on the opposite
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side of the field is then put in motion, and the plough-carriage is dragged across

the field. When the double journey is thus completed, the carriage requires to

be moved along the field at the headlands a space equal to the breadth of two
furrows.

831. This lateral movement of the plough-carriage along the field is effected

in a very simple manner, thus : A beam///, fig. 1, is permanently fixed overhead

to the engine-frame, and extends at right angles to it a distance equal to the

extreme length of the plough-carriage. Its outer end is temporarily supported

during the operation of lifting the ploughs by a light wooden pole g, which
catches on a pin on the end of the beam. This beam /// carries brackets

or hangers, in which a shaft e e works; to this a screw-wheel d is keyed,

which is arched in by an endless screw on the light shaft o, fig. 2. This shaft o

is driven, when required, by clutched gearing from the shaft d. Two cranks p /?,

fig. 1, are fitted to the shaft e, and have suspended to their extremities forked

chains, which are attached to the two ends of the plough-carriage. The throw
of the cranks p p is equal to the breadth of two furrows, that is, from 24 to 28
inches, according to the breadth of the furrow-slice. At the ooinpletion of the

double journey, when the carriage is required to be moved, the suspending-

ehains are attached, and the shaft e made to revolve, and the cranks p p,
making half a revolution, lift the carriage through a space equal to the breadth

of two furrows, as required.

832. In working this steam-plough no exact account was kept of the coals

consumed, but every one acquainted with the duty performed by steam-engines

can easily estimate this particular.

833. Two men were required at each engine, and another man to follow the

plough to assist at the turnings at the ends of the landings, but the plough itself

required no guidance.

834. The work actually done was this : The length of the rope was 350 yards,

and the two ploughs turning over a breadth of furrow of 28 inches, and turning

at the land'8 end, sometimes in a minute, but say in two minutes, and going at

the minimum rate of 3^- miles per hour, there were 5^ imperial acres ploughed
in ten hours, 14 and 15 inches deep, in a soft clayey soil. The ploughs could

travel 5 miles per hour if required, and could thus have ploughed fully 7^ acres

in ten hours.

835. Fowler's Steam-Plough.—We now notice the second kind of steam-

plough, that of Mr John Fowler, who has paid much attention to, and devoted a
large expenditure of money on, this department of agricultural mechanism.

836. The diagram in fig. 298 will illustrate the disposition of the machinery
used in Mr Fowler's plan, and the mode of operation. The engine and windlass

combined are placed at a a
y
and moved along the field in the direction of the

arrows as the ploughing progresses. There are two drums or windlasses

worked by the engine, which alternately wind up the rope which works the

plough b ; while one is being driven by the engine, the other runs free, and is

giving out its rope. The rope passes round a pulley or sheave in the anchor c.

The fixed anchor and snatch-block are at rf, and serve as a point of resistance

by which the engine winds itself forward. The self-adjusting anchor c is placed
opposite the engine a a, at the extremity of the furrow-line. This is moved
along the field coincidently with the engine a a as the ploughing progresses.

This movement or self-adjustment of the anchor c is a recent improvement, and
is effected by the passing of the wire-rope// over the drum of the anchor,

working, by means of a worm-wheel and screw, a barrel, round wliich a second
wire-rope A A is coiled, the end of this being fixed in the anchor e to afford a
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point of resistance. This wire-rope A A is Blackened out by the attendant—as

each bout is performed—a length equal to the breadth of 4 furrows : this rope

is gradually taken up by the fi*. a*,

drum of the anchor c bring-

ing it nearer to the anchor

e. The anchor c is mounted
on Bharp - edged discs or

wheels, which slowly cut

their way along the ground.

The plough - carriage b tra-

verses the space between
the engine a a and the

movable anchor c. The
whole arrangement forms a

parallelogram, the breadth

of which is equal to the

distance between the engine

and anchor c, which are

placed on the headlands, and
the length equal to the dis-

tance between the engine a a
and the fixed anchor d. The
wire - rope // is prevented

from dragging on the land,

by being passed over a

series of grooved pulleys or wheels, placed at intervals along the line of draught.

Each wheel is supported in a light wooden frame with handles, and as the

plough-carriage b approaches a frame, a boy removes it out of its path, and, after

the plough has passed, places the return rope, which is attached to the hinder end
of the plough-frame, on the wheel or pulley. On the plough-frame reaching the

headland, it is moved a little beyond the end of the furrow and tilted up, thus

taking the ploughs which have been last in action out of the soil, and placing

the others in contact with it. The engine a a and anchor c have at this point

moved along the field in the direction of the arrows, a distance equal to one

breadth of four furrows. The wire-rope// being already placed on the pulleys

of the light wooden frames above mentioned, the engine starts. The drum
which previously was giving out the wire-rope winds it up, and the plough-

carriage is drawn across the field. Eight furrow-slices have thus been turned

over in two journeys of the plough-frame b.

837. The plough, of which we give in fig. 299 a perspective view, and in

Plate VIII. a plan, fig. 2, and elevation, fig. 1, consists of a series of mould-boards

a a a, shares b b, and d of the coulters, carried on the beams c c. These beams are

curved, as shown in fig. 1, so that when the mould-boards attached to ono

beam are in action, those attached to the other are at some distance above the

ground. The beam is mounted at its centre on an axle carrying two wheels ef,

one of which, «, runs in the furrow, the other,/, on the land: two smaller

wheels are at g g. The plough is steered when at work by the wheels h h,

which act through the medium of levers 1 1 i i ; and an endless screw on the

lever j, shown in dotted lines in fig. 2, which is fixed atj to the centre of the

axle of the two wheels ef. The turning of the wheel h carries the lever j,

and with it the axle of the two wheels e f, from .right to left, or from left to-

right, as desired. The attendant, while steering, sits on the seat I. The depth
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to which the shares cut is regulated by the land and furrow wheels e andf, which

are capable of vertical adjustment by the handles k k, fixed to vertical screws,

the lower extremities of which work in the bearings of the axle of the two

NVUii i i'l ocuh cahriaM in KimniR,

wheels e and /. As the screws are made to rise or fall by turning the handles

k k, they raise or depress the bearings of the axle of the two wheels correspond-

ingly-

838. Of the engine and windlasses attached we give an elevation, fig. 1,

and a plan, fig. 2, in Plate IX. The engine, in its general construction, is

similar to an ordinary portable engine. There are two drums, a a, b 6,

placed below the boiler, and as near the ground as possible. These druuis

alternately wind and unwind the wire-rope which drags the plough across the

field. While one is winding up the rope the other is paying out, the rope

passing round the sheave or pulley in the movable anchor c, fig. 298, and attached

to the end of the plough-carriage opposite to that to which the dragging-rope is

connected. Motion is alternately given to the drums aa,bb, Plate IX., by mechan-
ism, as follows : Through the medium of the bevel-gearing c d

y
fig. 2, which is

driven by the crank-shaft of the engine, motion is given to a vertical shaft e e, fig,

1, to the lower extremity ofwhich a pinion/is keyed. To the lower extremity of the

vertical shaft e, as a centre, a swing-lever i t, fig. 2, is connected, capable of being
moved from right to left, or vice versd, by the attendant standing on the firing

platfonn of the engine 2, through the medium of the hand-lever o o. Tins
swing-lever i t, fig. 2, which works horizontally, affords a bearing for a carrier-

wheel/, fig. 2, which gears into the pinion d d. To the upper side of the drums
a b spur-wheels g g,hh, fig. 1, are fixed. When the swing-lever i t, fig. 2, is

placed at right angles to the side of the engine, the carrier-wheel /works freely

in the space between the two spur-wheels on the drums a b, as shown by the

dotted lines in fig. 2 ; but when the swing-lever t », fig. 2, is moved by the

handle o o, fig. 1, either to the right or left, its extremity embracing and working
round on the vertical shaft e e, fig. 1, as a centre, the carrier-wheel / gears

either with the spur-wheel of the left or the right-hand drum, leaving the other

drum free to rotate on its axis. Whatever be the position of the swing-lever

i t, fig. 1, the carrier-wheel /, fig. 2, always gears with the pinion d, which
receives its motion directly from the engine.

839. The engine is also furnished with gearing, by means of which it can be
made to traverse slowly along the field as the plough gradually works across it.

The wire-rope g g}
fig. 298, is wound upon the drum or barrel m m, Plate IX.,

this receiving motion as follows :—To the vertical shaft e c, fig. 1, an eccentric,
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^ is keyed on ; the extremity of the eccentric rod;',; is jointed to the upper end
of a lever k, which works on a stud at its lower extremity. As will be seen

from the plan, fig. 2, this lever is double, and carries a cross-head, having clicks,

which take into notched teeth made on the peripheries of the flanges of the

drum m m. As the eccentric rod works to and fro, the clicks take into the teeth

of the drum-flanges which work the drum slowly round. This apparatus is

capable of being thrown in and out of gear by the handle n.

840. In addition to the apparatus above described, the engine is furnished

with gearing to enable it to travel on common roads. This consists of a pinion,

o o, fig. 2, keyed on the crank-shaft of the engine x x. This pinion engages the

spur-wheel p p, which is made in one with the pinion q, the shaft of these

being supported by a stud on the side of the boiler. The pinion q engages

the spur-wheel r, which can be connected or disconnected at pleasure with the

road-wheel v. The whole system of wheels can be thrown out of gear, when
locomotion is not required, by the handle t actuating the clutch *.

841. The self-adjusting locomotive anchor (c in plan, fig. 298) is shown in

perspective in fig. 300,

and in side elevation

in fig. 2 ; in end eleva-

tion fig. 3, and in plan

fig. 1, in Plate X. The
anchor consists of a

box of wood or species

of truck a a mounted
on two wooden roll-

ers b b, the axes of

which are furnished at

each end with discs of

plate-iron c ; d is the

pulley round which the

winding rope passes,

being one of the road-

wheels on which the anchor is mounted when it is required to be moved from

place to place. The motion of the pulley is made to draw, by means as

described in par. 836, the anchor along the headland, so as to keep it constantly

in the line of furrows opposite the engine. The box or body of the truck a is

kept loaded with earth, so as to press the discs c into the ground, iu order to

give sufficient resistance to the strain on the snatch-block. As the anchor

is drawn along the headland, the discs cut themselves into the ground to the

requisite depth. The wire rope, as it works the plough, passes over the fric-

tion pulley e e.

842. We here present our readers with some suggestive remarks, kindly

furnished to us by Mr Fowler, on the economy of steam cultivation as compared
with horse :

u In our experiments we have used engines of from eight to ten

horse-power—that is, marketable horse-power, giving off more than double the

horse-power they are sold by. The first thing to bo ascertained was the speed

at which the plough should travel, as of course the higher the speed the less the

strain upon the tackle ; and our experience has shown that a speed of about 300
feet per minute, or something less than 3^ miles per hour, is about the best

speed for general purposes. At this pace every effective horse-power gives off

UOlb., say 1 cwt. draught. When we consider that in ploughing the different

classes of land a draught of from 2 cwt., as in Norfolk, up to 8 and even 10 cwt.

Hg.aoa

xi r.jn.j-jnTisa anchor or rowun i •i«*M-rnjron in rtitaraorivB
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in the clay land of Kent, is required for each furrow, it will be seen that it is

impossible to form deductions from the mere fact of ploughing an acre of land
;

but assuming what experience has proved, that a horse in good condition wiU
travel the eleven miles required to plough one acre, giving off a draught varying

from If to 2 cwt., and that if we increase the draught we must decrease the

number of miles travelled, we have some clue to guide our comparison. The
experiments show that, at the speed of 3^ miles per hour, 1^ acres can be done by
each furrow in a day of ton hours, in a field of 250 yards long, and 2 acres in a
field of 400 yards long, allowing for hindrances. Now, if we assume the use of

an engine giving off not less than 24 nominal horse-power, of which about 4

horse-power is consumed in friction, the remaining 20 being given off in work
in the plough equal to 20 cwt. draught—thus drawing 3 furrows or shares, 4-horse

work each, 4 furrows 3-horse work—we shall then get over from 4^ acres to 6 acres

of the heavier work, and from 6 to 8 acres of the lighter work. If the land is

lighter than either of these, less horse-power will be used, and in consequence

of less hindrance, and the engine running always at top speed, an acre an hour
can be easily accomplished.

843. The daily expenses are as follows :

—

Two men at 3s.,

Two men at 2*. 3d., .

One boy at Is.,

Coals, from 10 to 14 cwt.
Water, one horse and man,
Shifting, 24s. per week, or

8. D.

6 0

4 6

1 0

14 0

6 0

4 0

35 <J

4J 'Acrc». <t Acre*. 8 Arret.

Cost per acre, exclusive of wear and tear, )«.,,. .

respectively, . . J

lld
-

6fl
-

,s "

Ab against . . . . 16a. 12s. 9s. by horse labour.

844. A six-furrow plough might be made for light land, or a five-furrow driven

faster, which would increase the quantity of work without increasing the cost

materially ; but reducing the cost forms but a small part of the advantages
offered by steam cultivation. It is found that heavy land ploughed by steam
is left in an almost perfect state of tilth, as it is not the plough but the

weight of the horses trampling on the land that causes that solidity of the

furrow-slice of which the advocates of rotatory cultivation complain.

845. This was exemplified in Wiltshire in 1857, where a piece of land
ploughed by horses lay side by side with a piece of land ploughed by steam

;

the steam-ploughed was harrowed down and sown in perfect tilth after two days'

dry weather, when the horse-ploughed more resembled a mass of boulders than

a friable soil, and would require a fortnight's dry weather to render it workable.

Any one who has watched the impression of his foot on the sand of the sea-shore,

and has seen the distance to which the water is disturbed by his weight, as

shown by the colour of the sand, will appreciate the effect of horse-weight on
wet clay-soil.* The increased speed of the plough tends also to produce a
quicker tilth.

* This is the turning-point in regard to the ploughing clay-soil. No doubt, hones' feet pene-
trate and consolidate when ploughing tcet clay-soil ; but there is as little doubt that horses'

feet do not penetrate and consolidate dry clay-soil. The conclusion is, that clay, when wet,
ought not to be ploughed with horses ; but this naturally gives rise to the question, whether wet
clay may be ploughed by steam ? We answer in the negative, because vet clay-soil ought not to

be ploughed at all, but left alone until it becomes dry by draining or evaporation Editor.
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846. Section Second—Grubbers.—The grubber, or, as it is frequently, but

erroneously, styled, the cultivator, is a comparatively modern implement, and

seems to have sprung from the more ancient prototype, the brake-harrow, which

it has now to a considerable extent superseded. It is in principle a member of

the harrow tribe of implements ; but while the harrow, or even the brake, acts

superficially or to a very small depth in the soil, the grubter, from its greater

weight, and from the form of its tines, penetrates the ground to any required

depth. In respect to penetration, therefore, it approaches the plough, but its

effects are simply to stir the soil, tearing up roots of plants at the same time,

but produces no effect towards turning it up like the plough. It has been

supposed that the grubber may be traced as far back as the days of Roman
agriculture, but there is good reason for assuming that the instrument used by
the Romans partook more of the brake than the grubber, and so far as has been

traced in modern works, its apphcation, in Scotland at least, goes no farther

back than the year 1784, at which period an implement, then styled an edgit,

of the grubber family, was in use by several agriculturists in the neighbour-

hood of North Berwick, East Lothian.*

847. From this period the grubber appears to have lain comparatively

dormant till 1811, when the late Sir John Sinclair, Bart, of Ulbster, brought it

in a tangible shape before the Dalkeith Farming Club. Sir John at that time

described it as being known in England by tho name of the scarifier. As might

naturally be expected, therefore, it seems to have been an importation from

England, but, like other implements and machinery already noticed, it came to

a higher degree of perfection here than in its original soil, and it is only very

recently that the newest forms of the grubber have appeared in England.

848. Many years after, Finlayson, Kirkwood, and others, cleared the way,

and brought out those essential characters of the implement which have not

yet been superseded except in minor details.

849. The original Scotch form of the grubber of 1784 appears to have been

a wooden frame, in wliich, Mr Shirreff says, 44 the tines were fixed, standing

perpendicular, the point not dipping, but forming a right angle with the tines.

The wheels were only two; these stood in front of the machine, and being

movable upwards and downwards, regulated tho depth to which the tines were

intended to work."f
850. The improved form of 1811 is figured in the Transactions of the Highland

and Agricultural Society and other works of the period,^ but still constructed in

wooden framework ; and having now four wheels, immediately supporting an

external frame, to which was jointed another and internal frame carrying the

chief part of the tines, it became better adapted to being raised out of the

ground at pleasure.

851. The next great step in the improvement of the grubber was made by
Mr John Finlayson, farmer at Kaims, in the parish of Muirkirk, Ayrshire, who,

about the year 1820, brought out his patent self-cleaning harrow or grubber; but

it does not appear that he actually procured a patent for the improvement. It

was now made entirely of iron, and became a very effective implement, though

cumbrous, and attended with some inconveniences arising from a deficiency in

the means of raising the tines out of the ground.

852. Subsequent to the improvement by Mr Finlayson, Mr James Kirkwood,

Tranent, East-Lothian, made some further improvements on the patent self-

cleaning harrow of Finlayson, and ultimately, in 1830, brought out a grubber

Prize Esmyt of the Highland and Agricultural Society, vol. xiiL T>. 3S9-370.

t Ibid. * Ibid.
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differing materially from the former, and possessing properties that placed it

superior to the other, the chief of which was the easy and perfect manner in

which the whole of the tines could be raised from the ground.

853. Various other modifications were soon after brought out by different

makers, among which we cannot omit mentioning that of the late Mr Wilkie, the

well-known ploughmaker at Uddingston. MrWilkie's grubber is a very elegantly-

constructed machine, possessing the self-cleaning principle in the tines ; but,

from its elaborate construction, its necessarily high price has probably been a
bar to its more extensive introduction. Amongst these modifications, Finlay-

son's original grubber again underwent a marked improvement, in which, though
the original shape has been preserved, a perfect mode of raising the tines

from the ground has been engrafted upon it.

854. While these later improvements have been going on in Scotland upon
this implement, corresponding exertions have been successfully made in Eng-
land, where the improvements above alluded to have not only been followed,

but are in some measure surpassed, under the names of Cultivators and
Scarifiers. Amongst these, that of Richard Coleman is the most celebrated.

855. Such are a few leading points in the history of the grubber, and its

progress to the present improved state. It is, and will continue to be, an
important implement, whether for the working of summer fallow, the preparing
of rough or foul land for green fallow, or for the purifying of land that has been
suffered to become so foul as to be incapable of producing a crop in the ordinary

mode of cultivation. Soils in the last-mentioned condition, by passing through
a course of grubbing that may be done in a few days or weeks at most, may
be brought into a crop-bearing state. The grubber, like many other novelties,

was, on its reintroduction about 1811, held up as an implement capable of
producing an entire revolution in the cultivation of the soil,* and was spoken
of as something above human invention, superseding even the plough ; it has
now settled down into its proper sphere of usefulness, ranking at least next to

the plough.

856. It will be unnecessary to attempt going into details of all the forms
of the grubber, more especially of those early forms which are now entirely

exploded; even the original of Finlayson's maybe passed over as now obsolete,

but which may be seen figured in the works of the day.-f- We shall therefore

only describe some of those which have attained a character they are likely to

retain ; and of these, though it may not be in exact chronological order, Kirk-
wood's may be taken as the first in the order of description.

857. Kirkwood's Grubber. — In this machine the ingenious apparatus for

elevating the tine-frame was, we believe, first brought out, and from it has been
deduced all the various forms in which this effect is now produced, though, as

we shall see, some of them are so much changed from the original as hardly
to be recognisable ; still the elements of the original are there, obtained in

some cases at a greater, in others at a smaller, expense. The present form, as

figured here, differs in some minor points from the original, but not so much
as at all to alter the character of the implement, which is still essentially

Kirkwood's, though the figure is taken from those manufactured by A. and
G. H. Slight of Edinburgh. The chief points of difference are in the length
of the axle of the hind-wheels

;
this, in the original, was so short as to bring

the wheels close to the levers : now, the axle is extended so far as to place

the wheels on the outside of the extreme tines. This extension of the axle

* See, for example, Beatoos's AVv Syttem of Cultivation.

t Quarterly Journal of Agriculture, vol. ii. p. 846.
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gives the machine a broader base, and thereby a greater steadiness of motion ;.

and to compensate for, and give support to, the extremities of the axle thus

extended, it is supported by a trussed tie with king-posts.

858. Fig. 2, Plate XI., is a view in perspective of this grubber : it may be

considered as consisting of two parts, the tine-frame, and the carriage with its

wheels and handles, the two being connected by means of the apparatus for ele-

vating the tine-frame, and by a joint-rod which is common to both, the whole
being constructed of malleable iron, except the wheels. The tine-frame is of

an irregular triangular figure, composed of two sides a a a; these are

forged to the peculiar form represented in the figure, and to the following

dimensions : from extreme a to b' in the oblique straight line, the distance is

25 inches, V to c 21 inches, and c to a" 39 inches ; and the lengths on the

opposite side correspond exactly with these ; but the central distance from

extreme a to a" is 6 feet 6 inches. The breadths, measuring from centre to

centre of the tines, are at extreme a 4 feet 2 inches ; b' to b' 2 feet 10 inches,

and c' to & 17 inches ; the fore-part of the bars, forming the neck, approach to

within £- inch of each other, between the points ct and to, and at a" they come
in contact, and are fixed by the bolt at a" ; the muzzle a" z is simply a pro-

longation of the bars, and is provided with several holes in wluch the draught-

shackle and hook can be attached to regulate in some degree the tendency to

earth. That part of the frame d' to m, forming the neck, is raised 9 inches

above the line of the body, measuring from the upper surface of the one to that

of the other, and lies parallel with the body of the frame. The side-bars here

described are 2^ inches in depth and 1 inch in breadth, till they approach d',

when they are diminished in breadth to £ inch, and go on diminishing to £ inch

at a". The slot-holes for the tines are 2| inches by $ inch. Besides the con-

nection at the point a", the side-bars are connected by the joint-rod g, which ie

l£ inches square at the middle, tapering and rounded towards the end, where
it terminates in a screw and nut of about 1 inch diameter; and a light

stretcher a' is also inserted as a further support to the frame. The beam b b is

2} inches by 1 inch from b to u, and diminishes from u to d to \ inch ; it is kneed
at extreme £, so as to leave space sufficient to receive the slot-hole for the middle
tine, and it is bent upward at u to the height of 10 inches above the frame as

before, for the purpose of receiving the bridle u u' ; the end b of the beam is

notched into the middle of the joint-rod g (which is here spread out to 2 inches

in depth), and fixed by a screw-bolt, tapped into the end of the beam, while its

fore-end is secured between the side-bars by a through bolt at d'. The tines,

of which this form of the implement contains seven, hh, &c, are If inch by £
inch, bent at the point as in the figure, with a slight tendency to earth, and are

flattened out at the point to a breadth of \\ to l£ inch ; their length from the

level of the point to the top is 20 inches, and they are secured at any required

degree of earth by one iron wedge to each tine.

859. The carriage consists of the axle d d, on which are mounted the two
handles or levers c c c, the axle passing through these, and fixed with cotterels

on each Bide. At the distance of 13J inches from the centre of the axle, the

levers are also perforated for the joint-rod g, the position of which in the tine-

frame is such as just to allow the extremities to pass the axle when the frame
is being raised or depressed. A third perforation is formed in the fore-end of

the lever at o, 2 inches forward of the joint-rod, for the attachment of the stays.

The levers extend backward to a length of 4£ feet, and terminate in sockets
into which wooden helves are inserted ; and they are further supported by the

stay-rod and bow c. The carriage is now supported on the hind-wheels//, of

Q
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22 inches diameter ; and the fore-part of the frame on the castor-wheel t, of

13 inches diameter, with its sheers k L, and crank-lever I mn.
860. The connections between the carriage and frame, and which also form

the elevating apparatus, are arranged in the following manner : The right and
left stay-rods o p q and rp » are bolted to the levers at q o and r «, the perpen-

dicular distance g p being 12 inches, and the like distance from the centre of

the axle d to p 18^ inches, the two stays being brought together upon a
stretcher-bojt at /?, of 1 inch in length, having a screw and nut at each end.

The connecting-rod p t n is 5 feet 2£ inches in length, £ inch diameter, and is

jointed to the carriage by the short stretcher-bolt at p, and to the crank-lever

of the front-wheel at n, which completes the arrangement by which the tine-

frame is moved up and down in positions always parallel to the horizon.

• 861. Fig. 1 is a geometrical elevation of this grubber, showing in a more
distinct manner the relation and the action of the elevating apparatus. In this

the solid lines represent the machine as with the tines in the ground, the

surface being represented by the line x x" ; and the repetition of the 6gure in

dotted lines represents it as when the tines are elevated, and the machine in a

travelling condition, the same letters applying in both positions, but in elevation

with an accent. In the first position, applying the same letters as in the

former figure, a a is the tine-frame, b the beam, c the handles or levers, d the

axle of the carriage,/ the hind-wheels, g the position of the joint-rod of the tine-

frame, and h h are the tines. The front-wheel is shown in the sheers k £, and
I m n is the crank-lever, g p r the stays, and t the connecting-rod.

862. In the apparatus of the front-wheel, the distance from the sole of the

wheel, where it touches the line x x", to the centre at m, is 23 inches, and from

m to n \\\ inches; and as the carriage-lever, though in a complicated form, is

resolvable into a more simple one, which has the same proportions as the

formor, the point where the wheel touches the line x' x" is the fulcrum, and a
line drawn from the point x' to the joint at p will be parallel with, and equal to,

x" m, and g p will be equal to ran; aud the point p n acting simultaneously

by means of the connecting-rod f, rises by turning round the fulcrum x% while

m rises through the same space by the point x" turning round the point m in the

opposite direction. By these motions the tine-frame will rise and fall through

equal spaces before and behind, and thus preserve the parallelism of the frame

in any position.

863. In working the machine it is requisite that the conductor have it in his

power to regulate and preserve a uniform depth for the tines, and be able to

withdraw the tines from the earth. To accomplish this part, the connecting-

rod t
t
fig. 2, has small mortises punched in it^ to the number of 6 or 8, at very

close intorvals between u and p, the rod being square at this place. A nut

or slide-box %f is fitted to slide easily upon it ; and having also a mortise punched
through it corresponding to those in the rod, it can be fixed at any point by
dropping a pin through this and any required mortise. The bridle u u' consists

of two similar parts bolted one on each side of the beam ; and having the

middle parts of its Btay widened to admit the passage of the nut, it receives the

folding-link v upon the bolt, on which the link turns freely. The handle v x xc

is mado of such length as will bring the eye w within reach of the conductor

;

it is furnished with a cross-head x, and the end v being screwed into the link

v, the handlo can be shortened or lengthened at pleasure ; and this is done to

make the cross-head x fall in behind the end of the connecting-rod when the
tines are in the ground, which thus lock them that they cannot rise out of the

ground, although, from any malformation of the tines, they might have a ten-
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dency to do so were this lock not applied ; but while the tines preserve their

due form, the lock is not required. A prolonged screw-nut at p is also put upon

the handle ; it is forked in the prolonged part ; and when the tine-frame is

raised out of the ground for travelling, the nut is adjusted to fall in before the

checks of the Btavs at p, and thus keeps up the tine-framo without the continued

aid of the conductor.

864. Tennant's Grubber.—In construction, this implement, as shown in fig. 301,

is of the simplest form. The beam a has an eye formed at its hinder extremity,

through which a square bar b is passed, and near it a similar eye carrying a

second but shorter bar c. On the ends of this short bar are fixed the extremi-

ties of the stilts or handles d rf, which also embrace the hinder bar b
}
by means

of eyes similar to, but lighter, than those on the beam. Each of these cross-bars,

b and c, carries two tines, formed with eyes to embrace the bar, and allow

them to be shifted along it if necessary : pinching-screws are provided to

secure them to the cross-bars in any desired position. The fifth and foremost

tine is fixed in a mortise jn the beam at c ; and in another mortiso, at the point

of the beam at /, is inserted the stem of the wheel which regulates the depth

to which the tines penetrate.

865. The dimensions of the different parts are as follow : The length of the

beam, from the centre of the wheel at / to the front of the foremost tine at «, is

1 foot 10£ inches ; from / to the centre of the bar e, 3 feet 5 inches ; and from

centre to centre of the bars b and c, 1 foot 1 inch. The length from / to the

end of the stilts at g is 7 feet 6 inches, beyond which the wooden handles project

8 inches. The beam immediately behind/is If inch deep and \\ inch thick
;

at e 2 inches or 2\ inches deep and l£ inch tluck ; and from this it decreases to

1^ inch square, or l£ by 1^ inch at the back end. The square eyes are 2^
inches each way, with holes just sufficient to allow the cross-bars of l£ inch

square to pass through, and each furnished with a pinching-screw f inch

diameter. The iron of the stilts is 1^ by f inch, Bwelled out where they

embrace the bars b and c, eyes \\ inch thick being formed for securing them to

b
y
and give sufficient metal to carry a pinching-screw in each ; but the eyes for

securing them to the bar c are kept to the ordinary thickness of the stilt, f inch.

Behind the bar b the stilts are connected and stiffened by two stretchers $ inch

in diameter. The hinder bar b is 3 feet 3 inches long, which allows its tines to

be fixed at 36 inches between centres, and the front bar, 1 foot 10 inches long,
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over all
t
with its ends reduced a little, to form shoulders for the eyes of the

stilts to rest against, a small pin through the bar at each end keeping the stilt

up to the shoulder : the width between the stilts at this point is 1 foot 8£ inches,

to allow of the two middle tines being set to 18 inches between centres. When
the grubber is standing level, the point of the beam to the underside is 1 foot

9 inches high, and the cross-bars 1 foot, and the height to the upper side of the

handles 3 feet 6 inches.

866. With the exception of the first, all the tines are alike, and one is

represented in fig. 302, to a scale of

l£ inch to a foot. The body is 1| inch

square, set diagonally, or with a corner in

front, as shown -in section at a. It is bent
so as to form about a quarter circle in side-

elevation, the upper end terminating in a
cubical bead or eye 2| inches square, pierced

with a hole 1± inch square, and furnished

TIM* OV TKMMAMT • OBUBBK IV WtU, l} IIICB with a pinching-screw at the back. The
to tu« foot point is steeled and drawn out thin to a

breadth of 3 inches, and pointed as at b. The front tine is similar to the
others, except in having a tenon at top, for fitting into the beam in place of the

large eye.

867. Fig. 303 is a form of tine introduced by the late James Slight, and
usually called the swan-neck tine. It

has been found very useful where the
land is foul, and where Tennant's form
would be liable to choke at the top.

The difference consists in making it

rise about 3£ inches at the eye before

bending downwards, so as to carryweeds
over the top of the supporting bar when
forced upwards on the tine. In section

it is as represented at a, being in the

central part 2 inches broad, lj inch
thick at the back, and f inch at the

front, which is rounded : it doepens a little at tho top, where it lias an eye like

the other, and is finished at bottom with an angular point also like Tennant's.

868. The wheel, as registered by Mr Tennant, is an ingenious contrivance,

intended to obviate the wearing-out of the eye from a want of oil. Instead of

running on a simple pin, it runs on a tube furnished with ends or cups, which
project inward, and partially cover the eye of the wheel. One or both of these

ends must be loose, for getting the parts put together, and also for taking them
separate for the purpose of oiling, which is done by filling a chamber formed in

the eye for containing a supply of oil. The tubular pin and its ends are held in

their places by a screw-bolt, which passes through all, and binds the tube to

the sheers carrying the wheel. The ends of the eye are turned so as nearly to

fit inside the cups.

869. Coleman's Cultivator.—This implement, manufactured by Mr Bichard
Coleman of Chelmsford, and which enjoys, a high reputation in England, is

represented in fig. 304, where a a is the frame, b b the two hind-wheels, c the

front wheel. The tines d d are supported by the central bar e e, which is

easily moved on its centres by the handle/ (part only of which is shown in the

drawing.) The handle / adjusts the depth to which the tines work, or lifts
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them altogether out of contact with the ground : it moves in the slot of the

semicircular guard g, and can be retained therein in any desired position by

KIHUAN a OULTIVAIOH

passing a pin through corresponding holes made in the guard g, and an aperture

in the handle /. The adjustment of the tines d d is remarkably easy in this

implement, and the whole mechanical details are well arranged, and adapted to

the work to be done.

870. In fig. 305 is a view of the wrought-iron frame ; the extreme length from

rte.aoflw

I JUAN • C17LTIVATCMV

b to/ is 6 feet, its width from a to c being 2 feet 1 0 inches. Five prongs are

swung at the points a b c d e on bolts or studs £ inch in diameter. The front

wheel c, fig. 304, is 16 inches in

diameter, and the two hind-

wheels b ft, 2 feet 4 inches.

871. The barrel-spindle in fig.

306 is 2 feet 10 inches long, and
works in sockets, one of which is

Bhown at a, attached to the

framing. The barrel-spindle is

made hollow, which gives con-

siderable strength with com-

parative lightness, and has snugs or projecting parts cast on its upper side,

as b c d ef. The upper ends of the connecting-rods which move the prongs

carrying the tines tf, fig. 304, are inserted into the slots or mortise-holes of

ri»Riiti.-«n>n)L« or colivias h cultivator
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the snugs b c d e, fig. 306, and secured by pins passing through correspond-

ing apertures. The lower ends of the connect-

ing-rods are inserted in the mortise made in the

upper part a of the tine, of which a view is given
in fig. 307, and secured by pins passing through
holes. The prongs are swung to the frame by
bolts or pins passing through one of the holes at

the part b. The length of the prongs is 2 feet

10 inches; they are made of wrought-iron, 2£
inches broad by 1 inch thick. They are curved
as shown, and are notched at the extremity as at

c, to fit into the mortise of the shares or tines,

these being secured by pins passing through the
holes shown in the figure. The shares, spuds,

or points are made at intermediate widths be-

tween 1£ and 12 inches, for the various purposes
for which this implement is applicable, whether

for paring, breaking up hard land, working fallows, &c. Several forms are

Or MUMMI » CCLTIVAIOR.

VACUOUS *em>J» OF TINES FOR COUtllD I CULTIVATOR.

shown in fig. 308, at a b c d e. To regulate the height of the implement
rig. aoa. from the ground, the axle of the hind-wheels b b, fig. 304, is sup-

fffl ported in the square hole of the boss b of the suspension-rack,W fig. 309. This rack is connected with the frame, and held in its

place by a swivel-bolt and collar a, which is made to fit the notches

in the rack. The price of this implement is £6, 15s.

872. The thickness of the turf removed with this spade depends
much on the strength and skill of the workman, but it seldom
exceeds 2 inches even in the softest parts of the ground, and
more often l£ inch on ordinary surfaces.

873. BentaWs Broadshare.—This implement, invented and manu-
factured by Mr E. R. Bentall of Heybridge, near Maldon, Essex,

has a high reputation, and is most extensively used for the purpose of destroy-

ing weeds and loosening the soil after harvest. We give a perspective view

Fls. 310.

euans-ntoN rack
for *hihji
Or COLEMAN'S
CULTIVATOR

niNUU« OKCAL *nAii» riovaa
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rig. 3i2.

of it in fig. 310, where a represents the beam of wrought angle-iron ; to this is

bolted the cross-arm 6, which carries the two wheels c c ; d is the small fore-

wheel. The centre tine e is placed in advance of the two hind-tines/g : the

stilts h h are secured by a bolt to an iron stay, secured to the cross-arm carry-

ing the tinesfg ; i i are scrapers to keep the tire of the wheels clean of earth.

874. The following illustrations, drawn to a scale of £ inch to the foot,

represent various of the details

of this implement. Fig. 311 is Item,

the centre tine
;

fig. 312 the

side tine
;

fig. 313 is the centre-

tine point— it penetrates the

soil, and enables the share to

enter the soil easily; fig. 314

the tine-point; fig. 315 is the

broad-share, principally used for

flat and stetch land.

875. Stirring the soil with

grubbers, cultivators, or broad-

shares, should not be regarded

as an equivalent to ploughing

it ; but grubbing is an excellent

process when surface weeds are

desired to be destroyed, and tl

1MGJLU HU1M.

dry warm pulverised soil to be retained at

the surface in spring, instead of the raw cloddy earth which would in that

season be brought up by the plough.

876. Drill-Grubber.—The common drill-grubber, fig. 316, is a light and con-

venient implement drawn by one horse. It consists of a central beam a b c, the

neck part of which, a b, is 18 inches long, the body part, b c, 3 feet 6 inches ; and of

HI* COMBOS llfUtX-UHUBUXH

the two wings b d, which are extended to e c, forming the handles, the length
from d to e is 3 feet 4 inches ; the extreme length from a to e thus being 8 feet

4 inches. The neck part of the beam is 1^ inch square, and peened or roimded,

and this strength is carried past the first tine ; the remainder of this bar, as

well as of the wings, is 1^ inch deep by £ inch thick, the handles becoming
lighter backward. The beam is punched at the front for the passage of the stem a
of the wheel, and also at b for the fixing of the two joint plates for the wings,
as well as for the front tine ; and it is also perforated horizontally at the end c
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for the quadrants of the wings. The wing-bars require to be very neatly forged

in forming the swells, in which the tine-holes are to be punched, and also for

the joint at 6, where they are hinged to the beam, between the two joint-plates,

wliich, being riveted dead upon the beam, leave a chamber on each side for the

reception of the ends of the wing-bars, and through these their joint-bolts are

passed. The wing-bars are each furnished with a quadrant-bar riveted into the

wings at d d ; the tail of the quadrants passing through the mortise at c are

secured by a pinching-screw fixing the wings at any required width. To the

point of the beam is affixed a simple bridle / with a cross-web and shackle,

giving a small range of yoke right and left ; the rise of this point is 10 inches

above the line of the body of the beam. The front-wheel, whose office is to

regulate the depth of the grubbing, is usually 8 or 9 inches diameter, set in

the sheers of the stem, which may be 20 inches long, and is
1J inch broad by

J inch thick. The tines g are 15 inches long, the body being 1 \ inch broad by

J inch thick, forged with duck-feet not exceeding 2£ inches broad, and pointing

slightly forward.

877. In many localities this implement is used for all the purposes of horse-

hoeing among turnips and potatoes, but it is not suited for paring or earthing-up;

and having cheapness as well as utility as a recommendation, it is very gene-

rally approved of. It is, however, subject to variety in the different districts

where it is employed ; in some it is shortened to five tines, in others length-

ened out to nine, and in many cases the tines are plain-pointed, or not exceeding

1 inch broad. It is frequently also made with the tines standing in zigzag

position ; but except in the second pair of tines, this is of little importance,

as those behind the second are sufficiently far apart to prevent them getting

choked with weeds.

878. Section Third.—Harrows.—Land-rollers.—Clod-crushers.—Press-wheels.

The Harrow. — Considering the operation the harrow has to perform, in

covering the seeds that have been cast upon the surface of the soil, it is an

implement of no small importance
; and yet its effects are apparently rude and

uncertain, while its construction is of the simplest order. So simple, indeed is

this construction, that at a very remote period it appears to have taken that

form which, in so far as the simple principles of its action are concerned, is

almost incapable of further improvement. Variations in size, in weight, in

materials, and slight changes of form, have from time to time been proposed

and effected; but yet no important change has been made in the action of the

implement, though amongst these changes a more uniform distribution of its

effects over the surface of the soil has been attained. The only important

improvement on the harrow of which we have any historical data, was achieved

about fifty years ago by, we believe, the late Mr Low, Gordonbank, Berwick-

shire, father of Professor Low, who, till lately, honourably occupied the chair

of Agriculture in the University of Edinburgh ; and tins improvement lay chiefly

in the form, though it also afforded a more uniform distribution of effect.

879. Rectangular Harrows.—Previous to the period just alluded to, the seed-

harrow was always constructed in the form of a rectangular frame of wood, con-

sisting, as it still does, of four longitudinal bars, known, in the language of the

agricultural mechanic, by the term bulls, which are framed together by mor-

tising, with four lighter transverse bars, or slots. The dimensions of the rect-

angular harrows are, on an average, 3 feet 9 inches in breadth, measuring over

the bulls, and 3 feet 10 inches in length over the slots. The bulls are

generally about 4 feet 6 inches of extreme length, 3 inches in breadth, and 3

to 3£ inches in depth ; the slots are 3 inches in breadth, and £ to 1 inch in
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depth. Each bull is armed with 5 tines or teeth of malleable iron, about 10
inches in length. They are fixed in the bull by being driven into an auger*

hole bored through it, and project downward from 6 to 7 inches.

880. Rectangular harrows are yoked three in number together, at the second

bull and fore slot, to a long master swing-tree. Being loose, they are much agi-

tated ; and although their action is correct enough, they do little execution on
rough and cloddy ground ; and yet it is on the strong soils they are chiefly

used. They are apt to ride on one another, especially at the turnings, though
this defect has been partially remedied by the use of a bar, named a rider.

Three horses are usually yoked abreast to them, and the middle horse seems
much oppressed in warm close weather.

881. Rhomboidal Wooden Harrows. — The improved form given to the

harrow, as alluded to in par. 878, changes the rectangle into a rhom-
boid, and this, when duly proportioned, gives to the implement, as has been
supposed, as high a degree of perfection, in point of form, as it appears

capable of attaining* Fig. 317 represents a pair of the rhomboidal harrows

Fie. 817.

nUOMHutUAl. «iX>f«N UAIlUrj-.-. WITU TBK1K toztor «WINil.HIH

in the working position. The frame of these harrows consists of the same

number of parts as the common sort, already alluded to. Four bulls a a a a,

and four slots b b b 6, the breadth of the frame over the bulls, at right

angles to them, is 3 feet 6 inches ; and in the same manner, over the slots

the length is the same, but the bulls extend at each end 4 inches beyond the

slots, making their entire length, including the obliquity, about 4 feet 6 inches.

The dimensions of the parts vary a little, according to the quality of the

material employed, from 2J to 3 inches in breadth by 3 to 3^ inches in depth, for

the bull. The slots are from 2£ to 3 inches in breadth, and from J to 1 inch

in depth, the bulls being mortised, and, when the slots have been inserted, are

fixed with wooden pegs driven through the bulls. In each harrow an iron bar
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c c, having a number of holes punched in it, is likewise fixed into mortises in

the two outer bulls on the left side, for the attachment of the yoke. Each bull

is divided into four equal parts, the extreme division being about 1 inch clear of

the mortise of the slot, and at each division the bulls are bored with an auger

for the reception of the tines, and in thus boring, a slight inclination forward

below is given to the tines, though this, it must be admitted, is not of very great

importance. The length of the tine is about 10 inches, of which 6 or 7 inches

project below the bulls ; and it has been recommended that the front row should

be 7 inches, the succeeding rows diminishing gradually to 6 inches, to compen-
sate for the effect of draught of the horses tending to elevate the fore-parts of

the harrows. This tendency to rise in front is not so great as has been sup-

posed, for the weight of the swing-trees and whole yoke will nearly compensate

for the effect of the angle of draught. In all cases of this kind, the yoke
consisting of chains, hooks, and swing-trees—of which the latter, in the harrows-

yoke, form a portion of considerable weight—the system resolves itself into a

catenarian curve, more or less perfect, of which the point c, where the yoke is

attached to the harrow, will approximate to the apex of the curve, and con-

sequently to a horizontal line, thereby neutralising the tendency to rise in the

front of the harrows.

882. There is one point in the improvement of this harrow that appears to us

of even more importance than the rhomboidal shape ; it is the joints or lunges d d.

In the one harrow, fig. 317, the tail of the double joints of the hinge is pro-

longed into a bolt d e, d e, passing through all the bulls, and secured with

screw-nuts e e. In the other the single joints are in like manner prolonged

into the bolts/g, f g, thus serving to add greatly to the strength as well as to

the efficiency of the harrows. The loose joints d f, d f have been found to

answer their purposes much better than the well-fitted joints originally given

to them, by their allowing of a great freedom of action, and the double joints

d d are therefore now usually made as in the figure, the span of the bow d being

about 6 inches, with a small eye at each end to fit the joint-bolt. The eye of

the single joint / is about 1£ inch or 2 niches diameter, having thus great

freedom to play upon the joint-bolt.

883. From the figure of the rhomboidal harrow, when duly constructed, it

can only perform its maximum of effect when drawn forward with its slots at

right angles to the direction of its motion, and this is effected by the master
swing-tree h. This tree, for harrows of the dimensions here described, requires

to be 4 feet 8 inches in length between the points of attachment, and it is

connected to the harrows by means of the S hooks and shackles at c c. The
balance of draught of the harrows is adjusted by shifting the shackles into the

different holes of the bars c c, until the harrows are found to lie at right angles

to the draught when in motion ; and this, be it observed, is not attained by
having an equal number of tines on each side of the centre of the swing-tree A,

for there is found to be a greater resistance to the forward motion of the imple-

ment on the left than there is upon the right side, arising, it is supposed, from

the tines presenting a broader surface to resistance on that side than on the other.

The other parts of the yoke, i, k, I, are the common plough swing-trees, fig. 288.

884. The objects to be attained on the construction of the rhomboidal

harrow are chiefly uniformity and equal distribution of effect from the tines,

and to cover the greatest breadth of surface, with such effects. In these respects

it has been supposed that the rhomboidal affords advantages over the rectan-

gular form, but such advantages seem to fall only within certain limits ; for

the rectangular harrow, if due attention is paid to its construction and position
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of yoking, and if mounted with the hinge-joints, will perform all the functions

ascribed to the rhomboidal harrow with equal effect. Though the rectangular

form presents no advantage in point of expense, there would be this advantage

in construction, that, by keeping simply to one dimension of breadth, no mistake

could occur with the maker to mar the attainment of the objects in view;

whereas we find rhomboidal harrows made at all angles of obliquity, though

the length and breadth may be the same in all ; and such being the case, many
of them must bo defective in some, if not in all the points sought for. To
exhibit this more clearly, and to render the basis of construction of this simple

implement practically intelligible, let us suppose that a pair of harrows carrying

forty tines are to be so constructed as to cover 9 feet in breadth, we shall have

39 spaces between the extreme tines, which are to form equal intervals. Draw
a base-line r «, fig. 317, and having set off from a scale, or at full size, a
distance r s equal to 9 feet, divide this into 39 equal parts, and from the points

of division draw the dotted lines at right angles to r «, the distance between

the divisions will be 2.76 inches, or say 2J inches, which represents the distance

at which the tines will pass through the ground. Having determined, also, the

distance between the tines as they stand in the bulls to be 9^ inches, set off,

on the first dotted line 1, any distance r m, which last point m will be the place

of the first tine. With a length of 38 inches, or 4 tine spaces as before fixed,

Bet off from the point m a distance m n, cutting the fifth dotted line in n, winch
last point will be the place of the fifth tine, or the foremost in the first bull. If a
line is then drawn through the points m n, it will cut the divisions 2, 3, 4 in the

points o a p, indicating the three intermediate tines of the first bull, and the

line m n is the true position of the central line of the bull, forming an angle of
73° nearly with the base-line. A line drawn through w to gy

and parallel to

r *, will determine the position of the first tine on each succeeding bull, where
the line intersects the 6th, 11th, 16th, 21st, &c, of the dotted lines of division

;

and lines drawn through those last points of intersection parallel to the first

line m n, will determine the central line of all the bulls in the pair of harrows.

It is then only necessary to extend the length of the bull requisite to contain

the mortise for the slot, with a sufficient extent beyond to prevent the bursting

of the wood : this, as already stated, may be about 4 inches, or the bulls will be
about 4^ feet in length.

885. Were it desired to have the tines so placed as to follow in the ground
at equal distances of 2 J inches instead of 2J inches, in this case the distance

between the extreme tines would be 39 times 2^ inches, or 8 feet 1 £ inch. The
line r s, fig. 317, would now be made 8 feet 1^ inch, and being divided into

39 equal parts, and the lines of division drawn as before, a repetition of the pro-

cess described (par. 884) will give the true form of the rhomb for this particular

breadth, and so of any others ; and it should be particularly observed, that in

any case where the rhomb has been correctly laid down, the harrows should

progress with the front row of tines at right angles to the line of direction in

which they are drawn forward. Attention to this will insure the best possible

effects from the harrow, and at the same time cover the greatest breadth of

surface that it is capable of harrowing, to the best advantage.

886. Rule for Constructing Rectangular Harrows.—We have said that the

common rectangular harrow is capable of producing equal effects with those
of the rhomboidal ; and though this cannot be said of all common harrows,

the construction of such as will do this is not more difficult, while it is,

perhaps, a little less expensive. The chief difference lies in the mode of

applying this harrow, for, when duly constructed, it is only necessary, in
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order to produce equal intervals of the tines, to yoke the harrows in such

position as will make the bulls lie upon the ridge with the same degree of

obliquity that those of the rhomboidal shape occupy when they are drawn in the

position due to the angle of their respective rhomb. It is necessary, however, in

order to secure the duo performance of the rectangular harrow, to pay attention

to its construction as regards the distance between the bulls, and the rule is

simply this : Whatever breadth the pair of harrows are intended to cover, divide

the whole breadth into a number of divisions, one less than the whole number of

tines in the pair, and the distance from centre to centre of the bulls must be
made equal to as many of these divisions as there are tines in each bull. Thus,

taking the first case of the rhomboidal harrow (par. 884) we have 5 times 2£ inches

nearly, or 13f inches for the distance between the centres of the bulls, or 3 feet

8 inches in breadth over all. To complete the arrangement, the harrows must
be jointed as in the rhomboidal form, and mounted with iron draught-bars, as at

c c, fig. 317, so that the point of draught can be adjusted to bring the harrows

to their proper position ; and here it may be remarked that they should never

be drawn by the extreme angle ; but if not hinge-jointed, the angle with the

second bull, and the fore-slot, will be tolerably near to the true point of draught.

A common and a very useful practice has long existed of coupling two harrows

together by a bar of wood or iron, called a rider. This bar falls loosely at each
end upon a stud projecting upward from the second bull of each harrow, and the
bar being adjusted to that length which keeps the two harrows at their proper

distance, serves to prevent them from riding over one another, and to make
them cover their full extent of surface. The introduction of the rider was an
evident approach to the more perfect modern improvement of the hinge-joints.

887. Rhomboidal Iron Harrows.—The extensive application of iron has of

late years brought the use of that material to the formation of the harrow as
well as of the plough, and iron harrows are now coming very generally into

use, both in the rectangular and the rhomboidal form. Fig. 318 represents the

malleable-iron rhomboidal harrow, as commonly constructed, and its dimensions

are the same as already given for those of wood. The arrangement of the parts

is somewhat different, and, from the nature of the materials, the dimensions of
the parts differ also more materially. Thus, the bulls a a a a are £ inch in

breadth and 1 inch in depth, swellod out where the mortises for the slots are

formed, and also for the tines, their ends projecting only 2 inches beyond the

slot. The slots bbb are 2 inches in breadth, $ inch in depth, and there being
only three of them, the middle one is so placed as to be free of the middle row
of tines ; while the end slots are elongated towards the meeting sides of the

pair, and are there formed into the hinge-joints d rf, as formerly described for

the wooden harrows. The draught-bars c c are inserted in the projecting ends
of the first and second bulls, and retained in round pivot-holes; the swing-

trees hikl are the same as described for the wooden harrows.

888. The construction of the iron harrow is so similar to the others that it is

unnecessary to enter into further details regarding it ; but it may be remarked,

that, from the almost imperishable nature of the materials, as compared with
wood, there seems every reason to expect the iron implement will entirely

supersede the wooden ; and though the price of the iron harrows is considerably

above that of wood, the additional first cost is more than repaid by the greater

durability of the iron. There is good reason also to believe that, by a construc-

tion more adapted than the present to the nature of the material, the price may
yet be considerably reduced.

889. The form of the tines of the harrow, as regards their effects in stirring
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the soil and covering the seed, is deserving of inquiry. In the wooden imple-

ment, we are, from the nature of the material, confined to one form of tine ; that

irov Rno*i>on>*L n*a,i«owa, with tbcir toks or awiMu-riusa.

which has for its horizontal section an oblong square, the tines in these cases

being £ inch broad by $ inch thick, must, for the safety of the wood, have the

greatest dimension lying in the direction of the fibres of the wood. Another

and a better form, for the purpose of stirring the soil, is that which has its cross

section forming an exact square of f inch on each side, and inserted in the bull

with its diagonal pointing in the direction of the progressive motion. This form

and position of the tine, however well adapted to the soil, cannot, with propriety

or safety to the implement, be used in the wooden harrow, from the powerful

tendency it has to split the wood. In the iron implement this diificulty does

not exist ; and as this form of tine is in every respect best adapted to the

intended purpose, it should never be omitted in the iron harrow. Whatever be

the cross section of the tine, in that part which passes through the bull, the

projecting part is tapered towards the point, not uniformly but a little barrelled,

and terminates in an obtuse point. In all wooden harrows the tines are simply

driven firmly into the wood after it has been bored. In most iron harrows they

are fixed in the same manner ; but as the tines are sometimes liable to become

loose, when simply inserted and driven down by the hammer, they are, when a

more perfect construction is followed, fixed by being driven from below, and

secured by a screw-nut above.

890. Grass-seed Harrows, or those that are employed for giving a light cover-

ing to grass-seeds when sown, differ from the common harrow in no respect

except in dimensions and weight. They have generally the same number of

tines, bulls, and slots. The breadth over all is about 3 feet, or from that down
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to 33 inches, and the distance between the tines about 7 inches, giving a length
of bull 3^ feet; and the tines vary from 5 to 6 inches in length. Fig. 319

Kljr. sir

shows, at a b in the centre parts, harrows exactly in form to the iron harrows,

fig. 318 ; but grass-seed harrows ought always to have wings attached to them,

as are c and d, in order to cover a ridge at once, as grass seeds only require one

turn of the harrow to cover them sufficiently with soil. The extreme angles of

tli ' wings are cut off to allow the 1 harrows to turn more quickly and easily.

Grass-seed harrows may be made of wood or iron. The Bwing-trees may be
of wood, fig. 288, or of trussed iron, as shown in the figure.

891. Grass-seed harrows are not so generally used by farmers as they should

be, the common ones being usually employed to cover in the grass seeds ; but these

are apt to bury the seeds too deep, to the injury of the succeeding grass crop.

892. The Iron-web or Disc-Harrow is a late invention by the ingenious and
indefatigable Mr Smith, late of Deanston, for the purpose of covering-in grass

seeds. It was formed of an assemblage of annular discs of cast-iron, of the size

n«. 35a and shape of the common playing- quoit,

/ A
6

and these were interweaved with iron-win-

^BiHlMg——J jfctjujjj JjnM n I' ili nl j-inrli diameter in a certain regu-

^rj^i (nk *Y (K\ f°nn
i
until the whole formed a flexible

,/
// 1 ll I / // v' W( ^' " l WM 'cn tne discs nftd liberty to

\.t }) Tf
1

1

> ' ; '-V :in '^ ;i, '" ut within Miiall limits.

ft\ The web was 6 feet in length by 3 in

ll . /if V mlv'll breadth, and was simply dragged over the

\ F / ' \JL J V r //
ground, when it gave the surface a finish

jJf! ;\ iXfL superior to anything hitherto attempted, on

rwfi f 1 il rw\ *ne c017"60*1 principle that grass - seeds

«' \l AJ ii it I >i J should be as lightly covered as possible.

\$ < ^flf I ®93. ^n ^S- ^20 is a form of disc-harrow

vl vk\
a8 mami^acture(i by Messrs Richmond and

' f » (/ T \\
™] Chandler, Salford. The discs e e in this form

now >mowvn.ttMM are 0f cost -iron 3 inches diameter, about

^ an inch tliick in the centre, and gradually tapering off to a thin-edged peri-

phery, which is serrated or notched, as shown in the cut. The connecting-
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links d d d d are of malleable rod-iron about £ths of an inch diameter ; the

length of the links is 3 inches ; the breadth l£ inch. This makes the distance

between the discs 6 inches from centre to centre, the lateral or side distance

being 3 inches. The side-rods a b are 1 inch diameter, and are connected

together by means of screws, as shown at b.

894. The Brake-Harrow is only an enlargement of the common implement,

wherein every part is increased in size and weight for the purpose of breaking

down and pulverising rough and stubborn land. Brakes are made of various

forms, such as rectangular, rhomboidal, and triangular ; and every form has its

advocates, the preference being given frequently to that which accident had
thrown in the way of the experimenter ; and without taking measures to com-

pare its effects with those of other forms, the implement is marked as the most

perfect of its kind. There appears no good reason for concluding that any one

of the above forms is better than another, provided proper weight is put in the

implement, and the tines of proper length and number, and disposed in a

manner that, with a duly-applied draught, will make an equal distribution of its

pulverising effects over the surface which it covers. The extended application

of draining, and the increasing employment of the grubber, appear to be super-

seding the brake-harrow.

895. The Drill-Harrow is another implement of recent introduction ; like the

other members of its tribe, it is of extremely simple construction, and from its

having been first applied to potato-culture, it is frequently styled the potato-

harrow. This harrow is always worked in pairs ; and to render it applicable to

its intended purpose, it is made of an arch form, partially embracing the curva-

ture of the ridglet or drill. The two leaves of the pair are connected by two

coupling-rods, which are formed to expand or contract to any required width of

drills ; and each leaf is furnished with a chain, to which a draught-bar or swing-

tree is attached, and to which again the horse is yoked ; the bar and chains, in

this mode of yoking, serve by their weight to produce such a catenarian curva-

ture as to make the vertical line of traction leave the harrows nearly in a

horizontal line, giving them thus the full effoct on the drill. Simple though

the construction of this implement be, we frequently see a malformation in the

placement of its tines ; its breadth does not exceed 26 inches, and therefore

the number of its tines need not exceed 18, though a streak at every If inch

should be required : notwithstanding this, we frequently see these harrows with

as many as 24 tines, and with such a number, unless a very careful division is

made in their placement, many of them will follow in the track of others, and

are hence of no use. In laying out this simple harrow, if the rule laid down in

(884) applicable to all harrows is attended to, such useless waste of labour

and materials might be saved, and the work for which the implement is intended

will be equally well done.

896. Fig. 321 is a geometrical plan of a pair of the rectangular drill-harrows,

in which a regular division of the tines is observed ; and as the harrows are 26

inches from centre to centre of the outsido bars or bulls, and the number of

tines 15, they will draw streaks on the surface at equal distances of If inch

nearly : the three bulls a b c, and the three cross-bars d e /, form the body
of the harrow ; the breadth over all is 27 inches, and the length 33 inches

;

the bulls and bars are all 1\ by § inch. There is no slotting, as in the common
harrow, but the bulls and bars are simply crossed, and secured by a small bolt

and nut ; or they may be riveted together, except where a tine falls in the cross-

ing, when it is secured by the nut of the tine itself. The bulls and cross-bars

are simply punched for the tines, which are each secured by a screw-nut. The
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middle bull of each harrow is prolonged a little forward at gy
and punched for

the shackle of the draught-chain i », which is affixed thereto by a bolt. The til

f ig. 321

are about 4 inches in length below the bars, and are £ inch square at the

shoulder, tapering to a blunt point. The streaks of the tines may be easily

traced by following the order of the numerals 1, 2, 3, 4, 5, 6, 7, 8 in the left-

hand division of the left-hand harrow, and they will be found to be at regular

distances.

897. Fig. 322 is a cross-section, at the front bar, of both the leaves of the

harrow, showing the arched form and direction of the tines. The rise of the arch

rig.:

a e o

I i i I ' I I r i | i i }
-4-

s

is 5 inches, but this may be varied ; and if the arching is flat, the tines towards

the apex should be shorter than those towards the sides of the harrow, to prevent

injury to the young potato-plants. In the front bar the right-hand tine d may be
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left out, as its place may be taken up by that of the third bar, leaving 5 tines.

In the second cross-bar there are also 5 tines, and 5 in the third. The two

leaves are connected and kept at due distance by the coupling-rods k J, fig.

321, and Jfc, fig. 322, which are $-inch diameter, and flattened at the ends to

the extent of 5 inches, and have three perforations made at each end, at

l£-inch pitch, or closer if thought necessary ; this construction of the coupling-

rods affords the means of adapting the harrows to any width of drills. The
fastening of the coupling-rods is shown at g g, fig. 322. The draught-chains

ii, fig. 321, are about 2 feet long, and are shackled to the draught-bar n, to

which the horse is yoked by the eyes at h h. The pair of harrows are drawn
by one horse, walking between the drills ; the weight of the pair, with the

mounting, is about 90 lb., and the price from 30s. to 35s. complete.

898. Triangular Drill - Harrows are considered by some agriculturists as

superior in effect to the rectangular form : with due attention to the division

and placement of the tines, they may no doubt be rendered equally effective,

and probably more so, but tlio advantages are not prominently marked.

899. As in the forming of a drill or ridglet for green crops, one side has more
earth upon it than the other, the germ of the seed enclosed within the drill, on
making its way to the day between the joinings of the two furrows of which
the drill is composed, must necessarily appear at one side of the drill : the

top of the drill is usually levelled with the common harrows, but, as these are

flat, the top of the drill becomes too much levelled down. Both the rectangu-

lar and triangular drill-harrow, having the form of the drill, are implements
better suited for the purpose than the common harrows. In turnip culture

the sowing-machine itself levels the drills, but in potato and bean culture the

drill-harrow is the best implement for levelling the drills.

900. Howard's Zigzag or Diagonal Harrow.—This form of harrow has a high
reputation in England, and is extensively used. It is made entirely of iron.

Each portion of a harrow is composed of eight rhomboidal frames affording

twenty tines, which are fixed at the angles of each rhomboid by means of stops

or guards which keep the nuts from shaking loose. Four of the rhomboidal

frames are placed together, end to end—the two in the middle in line, and one
at each end at a reverse angle with the middle one—the whole four forming a

figure not unlike the letter Z, or zigzag form. Each harrow is composed of

two portions of four rhomboids or zigzags placed parallel to one another, at a
distance equal to the breadth of a rhomboid, and are coupled together at both
ends by rods jointed in the centre. Three of these harrows supporting 60 tines

are coupled together, and connected to a long master whipple-tree by six bolts,

two to each harrow, with hooks and staples. The whole presents a series of

zigzag frames, six in number, and equidistant from each other ; their entire

breadth occupying 9J feet or 10 feet, according to the size of harrow. A 9J-
feet harrow costs £3, 14s. ; a 10 feet, £4, 4s.

901. Coleman's Expanding Harrow.— The object of this implement is to

combine in one the advantages of a wide and a narrow, or a coarse with a fine

harrow. This is effected by having the tine-beams jointed in the principle of

the parallel ruler. There are five longitudinal beams placed in the direction

in which the harrow works ; each pair are connected by four diagonal bars, the

ends of the two adjoining sets meeting at an angle. The ends of all the dia-

gonal bars are jointed to the main beams. The whole is connected to the

whipple-tree by five chains ; and by allowing the points of attachment by which
the longitudinal beams are brought nearer to, or placed further from each other,

the relative distances of the trees from each other are retained in all the

K
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adjustments. To cover a space 9 feet wide, the price of this form of harrow is

£4 ; for heavy work, £4, 15s. To cover 12 feet wide, light work, £5
;
heavy

work, £5, 15s.

902. Ross s Moss-Extirpating Harrow.—In fig. 323 we give a perspective view

of an implement for extirpating moss out of old pasture, invented by Mr Alex-

ROM • MC>»» «XTIKr»l IMO HARJIOW.

ander Ross, late land-steward at Corehouse in Lanarkshire. It consists of a

malleable-iron frame a a, 5 feet 6 inches in length, and 4 feet 6 inches in

breadth, mounted on two wheels b 6, 1 foot 9 inches in diameter. The fore-part of

the frame a a is produced forward and slopes inwards until its two sides approach

as near as to admit a bar of iron, which connects the end of the frame a, and a

parallel axle which turns on gudgeons in the framing, and which supports a

castor-wheel c, the shank of which is prolonged upwards into a crank, aad

which wheel supports the front part of the frame a a. The entire frame a a

is capable of being raised and lowered by a system of leverage similar to

that used in the common grubber, as in fig. 2, Plate XI. ; this is effected by the

lever rf, through the means of the rod h, connecting the cranks of the lever d and

the castor-wheel c; and which lever is retained in any position desired by the

notches in the side of the curved guide e. A semicircular guard is secured

in front to support a vertical bar f provided with three holes for attaching

the draught-shackle ; the diagonal stays i i strengthen the semicircular guard

by connecting it with the frame a a. The body of the frame a a is filled up

with three rows of tines, each containing 15 tines—or 45 in all, and 3£ inches

apart—each tine having an independent motion from a bar having an attach-

ment at each end to the frame a a. The tines are 7 inches long, 5 inches

below the frame, and £ an inch above it, and are driven through an eye in the

outer extremity of each of the bars, which are alternately short and long. Above

each row of tines, at the height of 3 inches above the frame, is a bar of iron,

to which are attached springs which press individually upon the extremities

of the tine-bars. Under the tine-bars are placed rods, stretching across from

aide to side of the frame a a, to prevent the tines falling down when the imple-

ment is turning round in the field or conveyed along a road ; and these rods

are so adjusted as to admit of being shifted backward and forward to keep

the tines up at any given height ; and the nearer these rods are to the outer

extremities of the tine-bars, the less fall will the tines have. A rake g g is

suspended behind by joint-bolts to the ends of the frame a a, so that it can be

lifted up at pleasure by a bow-handle and hooked on to a small iron rod sus-

pended from the curved guide e. Cleaning-rods are placed between each

alternate tooth of the rake, the office of which is to collect the moss as it is

passed from the tincR. Care should be taken to depress the lever d to the
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lowest notch of the guide e before turning the machine, in order to elevate the

tines at the highest point above the ground.

903. This machine requires three horses yoked abreast, with equalising

draught-bars such as fig. 291 to work it easily. It goes over 7^ acres in 10 hours.

The best time for using it is in spring, before the grass begins to grow.

Once going over the pasture will generally suffice for the extirpation of the moss,

but should it be abundant, a second going over, at right angles to the first, will

accomplish the end. In one instance, at its first use, at Corehouse, the machine
scratched up forty-nine cart-loads of moss over 10£ acres of grass on the lawn.

904. This machine will be found a valuable implement for scratching the

surface of any pasture before top-dressing is applied to it, and then the bush-

harrow sends the top-dressing to the roots of the grass, after which a roller

is passed over the top-dressing. Where much moss has been scratched off, a
little grass-seed should be sown over the surface and rolled in, whether top-

dressing has been applied or not.

905. The Bush-Harrow.—Fig. 324 represents a bush-harrow which is useful

for scratching -in top-dressing on pas-

ture-land. It consists simply of a

frame of wood, a a, having two strong

end-bars 3 feet long, and three con-

necting-bare 7 feet long; the middle

one, 6, being also strong like the end-

bars. The three bars are interwoven

with the smaller branches or croppings

of trees c, which scratch the ground

as the harrow is drawn forward by a

horse attached by a swing-tree to the >«<..,

hook d. T" »c««-u*»bo»

906. Snow-Harrow.—In par. 748 we gave an illustration of the snow-plough

;

as a companion implement, we here give the snow-harrow in fig. 325. It con-

sists of a single bull, a 6, 4 \ inches

square, 6 feet long, and in the middle of

which, on the under-side, a piece of 1^-

inch plank, c, 3 feet long, is sunk flush

transversely for the attachment of the

draught-hook c and the stilt <f, to steady „

the motion of the implement. In the *L

bull a b are fixed, by screw-nuts, at in-

tervals of 10 inches, 7 cutters, e e, &c,
9 inches long and If inch broad, sabre-pointed, with the points turned back-

wards, so as to be less liable to be arrested by obstacles on the surface of the

ground. Between these cutters are fixed 6 shorter ones, /, &c, 3 inches long,

having their points turned forwards. This implement, dragged by one horse,

ridden by a boy, and the stilt held by a man, cuts the frozen snow into strips

of 5 or 6 inches in breadth, and exposes it to the air.

907. While the snow-plough, fig. 287, is used for disturbing deep snow in

spring on lull pasture, the snow-harrow is best suited when the snow is thin

and hardened on the surface.

908. The Land-Roller.—The common land-roller is an implement of great

simplicity of construction, the acting part of it being a cylinder of wood, of

stone, or of cast-iron, and in many cases its only appendage is a rectangular

frame of wood, consisting of two strong end-bars, selected for having a curva-
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ture to keep clear of the ground. In these the gudgeons of the roller are

borne, and which are connected by two transverse rails, to one of which the

horses are yoked.

909. Simple as this implement appears, there is hardly an article of the estab-

lishment in which the farmer is more liable to fall into error in his selection.

From the nature of its action, and its intended effects on the soil, there are two
elements that should be particularly kept in view

—

weight and diameter of the

cylinder. By the weight alone can the desired effects be produced in the highest

degree, but these will be always modified by the diameter. Thus, a cylinder of any
given weight will produce a greater pulverising effect if* its diameter is one foot,

than the same weight would produce if the diameter were 2 feet ; but then the

one of lesser diameter will be much worse to draw ; hence it becomes necessary

to choose a mean of these opposing principles. In doing this, the material of

the cylinder comes to be considered. In the first place, wood, which is fre-

quently employed for the formation of land-rollers, may be considered as least

adapted of all materials for the purpose ; its deficiency of weight and liability

to decay renders it the most objectionable of all others. Second, stone, though
not deficient in weight, possesses one marked disadvantage, liability to fracture,

which of itself is sufficient to place stone rollers in a doubtful position as to fit-

ness. This brings us to cast-iron, which is undoubtedly the most appropriate

of all materials for this purpose. It is unnecessary here to enter into the

inquiry as to the most advantageous diameter for a land-roller ; the subject has

already been elaborately discussed :
* let it suffice to say, that experience has

proved that a diameter of 2 feet is, in any circumstances, the one that will pro-

duce the best effects with a minimum of labour from the animals of draught ; the

weight being of course proportioned to the force usually applied, which is in

general two horses. The weight of roller, including the frame corresponding to

this, is from 12 cwt. to 15 cwt. ; but it is better that the roller itself be rather

under the weight, and that the carriage be fitted up with a box, in which a load-

ing of stones can be stowed, to bring the machine up to any desired weight.

910. In a large and heavy roller, in one entire cylinder, the inconvenience of

turning at the headlands is very considerable, and has given rise to the improve-

ment of having the cylinder in two lengths
;
this, with a properly-constructed

carriage, produces the land-roller in its most perfect form.

FIR.**

911. Fig. 326 is a perspective of the land-roller constructed on the fore-

going principles : a a is the carriage-frame, consisting of two semicircular end«
* Quarterly Journal of Agriculture, vol. i. p. 700.
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of cast-iron, connected by two transverse bars of hardwood, and these last are

crossed by the horse-shafts b. The cylinder c is in two lengths of 3 feet to 3

feet 3 inches each, and 2 feet in diameter ; the thickness of the metal is from

| of an inch to 1 inch, according to the weight required ; and each half-length

of the cylinder has a cross fitted into each end, through the centres of which
the axle passes. The axle, in consequence of the cylinder being in two lengths,

requires to be of considerable strength, usually 2} inches diameter, and of malle-

able iron
;
upon this the two sections of the cylinder revolve freely, and the

extremities of the axle are supported in bushes formed in the lower part of the

semicircular end-frames. Two iron stay-rods d d pass from the end-frameB to

the shafts as an additional support to the latter.

912. The price of the land-roller, fitted up as hero represented and described,

is, according to weight, from £10 to £14.

913. The smooth land-roller is more suited to compress light soil, and to make
even the surface of new grass in spring, than to crush down large hard clods

on clay land.

914. Ransome and Sims
1

Barley-Roller.— The barley -roller manufactured

by Messrs Ransome and Sims, Ipswich, consists of two separate 10-inch cylinder

rollers 5 feet long, of cast-iron, mounted on a wooden framing : when rolling

the land, one cylinder is a little in advance of the other, but in a parallel

line, the two inner ends crossing one inch, or two, so as to leave no part of

the land unrolled ; the rollers, being joined by a hook and eye loosely, adapt

themselves to an uneven surface. Price £10, 10s.

915. The Presser-Roller.—This is an implement of comparatively recent intro-

duction to the operations of the farm, and, like many others of the useful class of

agricultural machines, its origin is to be traced to England. Although the presser

does not take its place in the first rank, yet it possesses qualities whose effects

on the soil give it a position by no means low in the scale of usefulness. The
chief object of its application is to produce consolidation in the soil over a nar-

row space, in which space the seeds of plants are to have root ; hence its effects

are applicable only to the drill system of culture, and that only under particular

circumstances, namely, consolidating soils whose texture is too loose and friable

for the continued support of wheat plants, and to produce close contact in the

furrow-slices of lea when ploughed for a seed-furrow. With the use of this im-

plement wheat has been grown in some parts of Scotland successfully after lea.

916. The Presser-roller is represented in its most common form by fig. 327,

Fig. 327.

-.urn PKSHkkti i.c. • «<•

which is a view of the machine in perspective, and is of extremely simple con-

struction. The carriage consists of a rectangular frame a a, its length over the

front and back bars is 3 feet 8 inches, and its breadth over the sides 4 feet
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Fig.!

8 inches ; a third longitudinal bar is introduced between those of the back and

front solely to increase the rigidity of the carriage-frame. A pair of horse-

shafts b are bolted upon the frame, the nigh-side shaft being laid upon the side-

rail, and the other at the usual distance, to afford space for a horse to travel.

A cast-iron bracket is appended by bolting to each side-rail : one of these is seen

at c ; its eye or centre descends to a distance of 8 inches below the bottom of

the rail ; an axle of 2 inches square extends between, and is supported in the

eye of the bracket in which it turns upon its journals ; this axle carries the two
pressing-wheels d d, which are fitted to turn with the axle, but are movable in

the transverse direction, and provided with the means of being fixed at any
desired distance apart, though 9 to 10 inches is the usual space. The axle car-

ries also the light carriage-wheel e of 2 feet 10 inches diameter, which may be

placed either outside or inside of the carriage-frame, and is usually made of

cast-iron, turning upon the axle, this being requisite for the more convenient

turning round of the machine. The off-side shaft b, having but an imperfect

connection to the carriage-frame, is supported by the iron stay-rod/ ; and two
iron-scrapers g are attached to the hind-bar for the purpose of throwing off any
soil that may adhere to the wheels d d.

917. Fig. 328 is an edge-view of the two pressing-wheels detached from the

carriage, in which a a is the axle broken off, b b

are the two pressing-wheels as they appear edge-
ways

;
they are 2 feet 10 inches of extreme dia-

meter, and their breadth b\ inches, their weight
being about 2 cwt. each ; die rim or periphery of

the wheel is sloped off on both sides to an angle

of about 70°, forming two opposite conical frustrse,

but a cylindrical band is left in the middle, of

about lj inch in breadth. The pressing-wheels
are held at the required distance by the square

collars c c c fitting round the axle and sliding

upon it to the proposed distance apart, where they

are fixed by the pinching-screws c c c: d d re-

presents a transverse section of ground undergoing
the pressing process ; the shaded part of the section exhibits the state of a

soft loose soil when pressed by the roller, and the dotted lines «/,<?/, that

of newly-ploughed lea undergoing the operation of consolidation.

918. With reference again to fig. 327, the pressing-wheels d d are to be under-

stood as running always upon the last tumed-up furrows but one ; while the

carriage-wheel e runs always upon the solid land, where the horse also walks,

the shafts being placed at that side. The most convenient method of using the

presser-roller is for it to follow two ploughs, and to operate as every two
furrow-slices are laid over.

919. But the presser is now being more advantageously used as to time, in

the consolidation of soft soils, by being constructed with four, six, or more
pressing-wheels ; and in this form the carriage-wheel is not required. In using

the presser of this construction, the field must be ploughed for the seed-furrow

all over, either entirely or in part, before the pressing is begun ; and the field

is regularly gone over by the presser, which, from its now increased weight,

will require two horses. In this form, with six pressing-wheels, and with the

two horses, the machine will press-roll from 8 to 9 acres in a day.

920. There remains to be observed, in regard to the larger number of wheels,

that, in order to secure facility of turning about, the wheels must either be

/ s
Bcos.vuw or to* piii
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all set upon a round axle, or they must be set upon an axle in two lengths, if

it is continued in a square form ; and there is consequently required a middle

bearing for the meeting ends of the axle. For this purpose a third bracket

is suspended to the middle rail of the frame, a a, fig. 327.

921. The price of the two-wheeled presser is £6, 10s.; and for each additional

wheel, with its mounting, £1, 12s.

922. CrosskiWs Clod-Crusher.—This is one of the most efficient implements of

its class, and is represented in perspective in fig. 329, where a a is the roller,

F1«. 3».

6 feet in length and 30 inches in diameter ; b a cast-iron end-frame at each end

of the roller, bolted to the wooden frame e, to which are bolted the horse-

shafts d d. The frame-ends b are placed upon the axle c, the ends of which

are prolonged to form arms on whicli wheels are placed, and kept on by
means of coterels, for the removal of the roller from one field to another.

When the wheels are to be placed or removed, a hole is dug in the ground under

each wheel, while the roller rests on the ground.

923. The roller consists of a number of toothed wheels, supported on four-

feathered arms, and an eye formed in the centre fitted to move easily on the

axle c of the roller. Fig. 330 shows a side-view of one of those wheels, by
Kit. X*\.which its action upon the soil may bo easily under-

stood. When such a great number of angles, acting

like so many wedges, are brought into contact with

the indurated clods, they infallibly split them into

numerous fragments, and the repetition of the process

produces a well-pulverised surface. The effect is quite

different from that of the plain roller, fig. 326, with

which, if a clod does not crumble down at once with

its pressure, it is forced into the soil in a solid state.

924. The price of this roller, 5 feet 6 inches long,

and 30 inches diameter, is £18 with, and £16 with-

out, travelling-wheels.

925. This roller is a very efficient implement for

compressing the surface of light soil after it has been sown with barley and

grass-seeds, and the effects are equivalent to the action of the grass-seed har-

rows, fig. 319, and the smooth roller, fig. 326, both of which implements may
be dispensed with when this roller is employed for this particular purpose,

926. Cambridge's Patent Press-wheel Holler.—In fig. 331 this implement

is used as a self - cleansing clod-crusher, and also for rolling meadow or

pasture land infested with the wire-worm or grub. The length of the imple-

ment varies from 5 feet to 8 feet, and the diameter from 15 to 26 inches.

BID* VIKW Of C SK WUr*L ut THE
CICD-4.-RCHUBH
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The number of diBcs or wheels in one form of this roller is 25 ; of these 1

2

are large, and 13 of small diameter. The small ones begin and end the

rig. .-Hi.

series. The interior diameter of the small discs is 1 foot inches, the
exterior diameter 1 foot 8^ inches. The interior diameter of the large discs

is 1 foot 7 inches, the exterior diameter 1 foot 9^ inches. The face of
the disc is 3 inches broad. The periphery of the disc is not parallel-faced

like the tiro of a wheel, but is provided with a central rib or projection a quarter
Fig.m of an inch in breadtli, a curve being hollowed out

on each side of this, extending to the sides of

the disc. The breadth of the projection is thus
made to increase gradually from a \ of an inch to 3
inches, the breadth of the face of the press-wheel.

Fig. 332 is a section of the rim of the press-wheel.

The press-wheels are placed eccentrically on the
main axle, so that one is always in advance of the
other; they are thus continually crossing each
other in their revolutions ; a grinding action on the

clods on which they operate being produced, and a
self-cleansing action insured. The price, from £10 to £20.

927. Norwegian Harrow.—This implement, manufactured by Mr James Kirk-

wood of Tranent, is formed entirely of iron, and consists of a frame carrying

rig.m
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three axles fitted with star-shaped wheels, and mounted on three supporting
wheels with a lever-purchase and connections acting on all simultaneously for
raising or lowering the body as in some of the grubbers. Fig. 333 is a perspec-
tive view, fig. 334 a side-elevation of the implement. The letters refer to
both figures.

928. The frame consists of two side-bars a a, fig. 334, 2£ inches deep and
§ inch thick, parallel for a distance of 3 feet 6 inches from the back end, thence

A iOSJl tCDUIJLl. BKCtlCM Of THE KOHWIQIlN DAIUU3W.

sloping inwards until they nearly meet at the front, where they embrace, and form
a support for the jointed crank-arm b b, which carries the front castor-wheel c c.

In front of this they come into close contact, and are held together by a bolt,

which also serves to support a shackle d for attaching the horses. Two cross-bars

connect the parallel portion of the frame, the hind one 2\ inches by |ths, and
the front one 2£ inches by \ inch, with the ends kneed inwards about 5£ inches,

and fixed to the sides by two screwed bolts in each knee. These crosB-bars are

connected by a bar o, l£ inch by § inch along the centre of the machine, kneed
and fixed by bolts at each end. The frame thus formed is 4 feet 6 inches

wide over the sides, and 3 feet 6 inches in length over the cross-bars. From
the foremost of these to the bolt on which the lever of the front wheel is jointed

is 3 feet, and from that to the extreme point 6 inches ; thus making the total

length of the frame 7 foet The axles of the star-wheels e ee are supported in

a cast-iron frame/ at each side, formed of a kneed bar 3 inches by § inches,

feathered on the outside, with bosses for the axles to run in, and bolted to the

side-bars of the main frame, the centres of the three axles being 6 inches below
the frame. The distance from the back end of the frame to the hind axle is

10 inches, and the axles are 11 inches apart between centres
;
they are each

1

J

inch square, turned at the ends for running in the cast-iron supports; the

fore and hind ones each carry 13 star-wheels, and the middle one 12—thus

allowing the teeth of the middle star-wheels partially to interlace with and
revolve between the spaces of the other two sets. Each star-wheel is 13£
inches diameter over the point ; the teeth, 6 in nu mber, about 1 inch square at

the bottom, and tapered to a blunt point ; the eye is 4 inches deep and 2£ inches

diameter at the ends, and cast with a hole full 1J inch square, to slip easily on
to the axle. Half the number of the star-wheels are put on the axle with the

points standing in the same direction, and the other half, occupying the alter-

nate spaces, are placed a quarter of a revolution from this position. This
arrangement breaks the line of the teeth of the star-wheels, and allows each

set to revolve coincidently like a roller when the teeth catch the ground. The
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two hind carriage-wheels g g are 1 foot 10 inches in diameter and 2$ inches

broad, and are supported by cranks 10£ inches long, attached to a shaft If-

inch diameter, supported by a small bracket at each end bolted to the frame
;

the centre of the shaft being 1£ inch above the frame, and 1 foot 4^ inches

from the hind cross-bar. On the middle of the shaft is fixed a lever A, 6 feet

6 inches long, 2 inches by 1 inch at the neck, and tapered to \\ inch by £
inch at the extreme end. At the point where it passes the hind bar of the

frame it is swelled and mortised to embrace a curved arm i i about 1 foot 10
inches long, 1£ inch broad, and \ inch thick, and which is secured to the hind
bar by two bolts. A number of holes are made in the arm at various points, and
a hole of corresponding size in both sides of the mortise of the lever A. By
lifting the lever A to any point in the height of the curved arm 1 t till the
apertures coincide, and passing a pin through them, the lever A is supported at

any desired point. This pin is attached to the end of a light lever n m, fig.

333, which is carried nearly the whole length of the side of the main lever A,

to which it is jointed, and has a spring provided to it which keeps the end m
pressed, and retains the pin in the apertures of the mortise of the lever A and
of the curved arm 1 1. To withdraw the pin, the end m of the lever is pressed

out ; this disconnects the lever A and the curved arm i i, and allows the lever

A to be moved up or down as desired. Where the end of the lever A joins the

axle of the hind-wheels g it is kneed or bent upwards, and furnished at the

upper extremity with an eye, the centre of which is 7 inches from the centre

of the axle. To this eye the forked end of a connecting-rod I Z, 4 feet 1 1 inches

long, and £ inch diameter, is jointed by a bolt ; the other extremity of the rod

11 being similarly jointed to the end of the crank-lever b b \2\ inches long, the

centre of which works in a bolt in the end of the frame at a, and is continued

downwards to support the front castor-wheel by a double-swivelling arm, the

diameter of which is 15 inches, the breadth of bore being 2\ inches : the distance

of joint-bolt of lever b b, from centre of wheel c c, is 1 foot 8| inches.

929. This implement is very efficient in its effects. Its action is to reduce
large clods into very small ones by the insertion of the points of the star

rays e into them, to split them into pieces by their reiterated action. The
larger clods are split into pieces by the first row of rays ; the second row
splits these into smaller ones, and the third row splits these again into still

smaller pieces.

930. Section Fourth.—Horse-Hoes.—Wheat sown in rows is weeded with the

hand-hoe, and also with horse-hoes. Where the extent of drilled crops is

considerable, hand-hoers are unable to clear the ground of weeds before the

crops advance to a state in which it is improper to go amongst them. Hence
the need of assistance from the more expeditious horse-hoe.

931. Smith's Steerage Horse-Hoe.—There are many forms of horse-hoes for clean-

ing the ground between the rows of corn. A very ingenious and simple form
is the steerage horse-hoe contrived by Mr William Smith, Northampton. It is

shown in perspective in fig. 335, where a a is the framing, which also constitutes

the horse-shafts, supported on iron brackets, which in their turn are supported on
an iron axle 6, as high as to permit the crop hoed to pass under it. The axle, bent

down at both ends, works in the wheels c c. These form the carriage portion of

the machine. The hoe consists of a bar d, which bears tho shanks e, of six

triangular duck-footed hoes or shares, made to embrace as many rows of corn, at

the ordinary breadth of 7 inches asunder. The handles// by which the driver

guides the hoes along the centres of the rows, are attached to the bar d. The
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carriage and hoe are connected by means of the rods g g, which, at one end, are

attached to the handles//, and at the other linked on by eyes to hooks in the

hind part of the brackets, which support the framing or shafts a a. The rods g g are

Fig. SM.

bUIIUN ITIIIUlt Bonsi-not.

strengthened by curved rods passing under the bar «?, and welded at both ends to

the under part ofg g. When the rows are placed wider than 7 inches, the axle of

the frame a a is expanded to the requisite width by being slipped outwards
through the collar, and fixed at any given width by the pinching-screw at b.

932. Fig. 336 represents two different sorts of shares used in this hoe, one, a,

being the ordinary one for narrow rows of 7 Fl«- 33a-

inches ; the other, 6, to answer the broadest * « (k

width of 18 inches. The share b consists of ^A-ggK^
a long rectangular feather attached to each jjH^^rl ti/H^lt
shank placed in a diagonal direction across,

I
I

and meeting in the centre of the drill. The j [I
!

inclination of their edges allowB the shares H rjfcsa^aft 1

to clear themselves of the soil while they \j| .^X
-^

are cutting the weeds under the surface. tcs^*»D amour •hahiufor Mm* .uonM-noi

Having the bar rf, fig. 335, as long as the width to which the axle b may be
expanded, the requisite shares might then be affixed to it, required to hoe the

number of rows determined on—and thus the hoes maybe increased in number
from 6 to 12, and the breadth hoed from 3^ to 7 feet; but from 4 to 5 feet in

width is the best one for doing the work quickest and most effectually. To
obtain that distance, 8 hoes at 7 inches wide give 4 feet 8 inches ; 6 hoes at 9

inches wide give 4 feet 6 inches ; and 6 hoes set at three doubles as 6, at 18

inches wide, give 4 feet 6 inches.

933. The prices of this horse-hoe, at these respective widths, are—with 6

hoes, £4 ; 8 hoes, £4, 10s. ; and 12 hoes, £5, 10s.

934. In using this hoe, the horse is put into the shafts a, fig. 335. The
driver holds on by the handles ff, and steers the hoes along the centre of the

rows A, which he is enabled to do by the movement of the rods g g upon the hooks
attached to the brackets at a a. Should the horse swerve from the row he walks
in, the driver directs the hoes in their proper rows, until the horse regains his

former track. A steady horse will not 'leave the row he is placed in, from one
end of the landing to the other, and only a steady one should be employed
in such work as horse-hoeing. A steady man, to steer the hoes, is as requisite

as a steady horse, otherwise carelessness will send the hoes through the rows of

com-plants, and cut them through as well as the weeds.
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935. Garrett's Horse-Hoe.—In Plate XII. we give two views of this imple-

ment, of which fig. 1 is an end and fig. 2 a back elevation. The following is

a description of the various parts, and the mode of operation. Similar letters

are shown on the similar parts in both figures ; a a, fig. 2, is the wood sill, 7 feet

2 inches long, 4 inches deep, which carries the different working parts of the

machine ; b b the cast-iron brackets bolted on to the sill, to support the axles

c c of the travelling wheels d d, 4 feet in diameter. To the main sill a a
brackets e e are bolted, on the upper end of which are bearings, in which the

horizontal shaft

/

f works. On tliis shaft are keyed eccentric wheels, g g, 10

inches in diameter, with V or grooved peripheries. A lever A, 2 feet 4 inches

long, is fixed to the shaft//, by which the eccentrics g g can be moved through

any desired portion of their revolutions. They can be maintained in any posi-

tion by the pawl of the ratchet-wheel i, fig. 2, attached to the bracket e, going

into the teeth of the ratchet-wheel i fixed on the end of the shaft/
; jj are pro-

jecting parts at each end of the main sill a a, supporting arms or brackets

k k
t
to which are jointed at the lower extremities swing-irons or levers / /.

These swing-levers / / are jointed at their lower extremities to the ends of a

horizontal bar, to which the levers m m m, fig. 1, are jointed as at n ; these

levers carrying the wrought-iron coulter-bars or stalks o o, to which the blades

or hoes pp are connected. To the centre of the sill a a an iron bearing q
is bolted on, to carry the spindle r placed at right angles to the sill a a ; at

the extremity of this a cross-handle * s is fixed. The spindle r is extended
forwards, and provided at its extremity with a suspending lever or arm / ; to the

end of which a lever u u is jointed, the other extremity of which is jointed to

the left-hand swing-lever I. The coulter-stalks o o are kept in position by four

spring guards x x x x, two at each end of the mortise-bar w to. To keep the

two outside levers out of work when required, springs attached to these guards
are used. The hoe-guards on the outside are shown with weights y y, these

being used on very hard soil. The remaining guards z z z are without springs

;

part of these guards are shown in the drawing with weights attached
; 1, 1 are

boxes in which to keep an extra supply of hoes ; 2, fig. 1, a wrought-iron
stay for supporting the guards

; 3, 3, chains attached at one end to the bar w tr,

and at the other end to the wheels g g.

936. In working the implement, the blades or hoes must be adjusted to the

breadth between the rows, allowing a little on each side to spare. The coulter-

bar w w must then be lowered, and with it the stalks o o, so that the blades

p p shall penetrate the soil to the depth required. This lowering of the coulters

is effected by depressing the handle h slightly, so as to ease the pawl of the

ratchet-wheel i ; this being released, the shaft / is allowed partially to revolve,

and with it the grooved eccentric-wheels gg ; this slackens the chain 3, 3, and the

bar to w, and the coulters and weights y y are allowed to fall. On the adjust-

ment of the hoes in the soil being effected, the implement is drawn carefully

across the field, so as to keep the hoes as nearly as possible in the direct lines

of the drills. Any deviation from this is compensated for, by the attendant
who, following behind, by means of the cross-handles s «, gives a lateral move-
ment to the bar w w, and the coulter-stalks o o and blades p p. According as

the one end of the cross-handle s s is raised or depressed, the end of the suspen-
sion-lever f, fig. 2, is moved to the right or left—describing a curve, as shown
by the dotted arrow curve—acting on the lever a u. TIub lever being jointed

to the swing-levers 1 1 connected with the coulter-bar w tr, a lateral movement
from right to left, or vice versa, is imparted to it, and, through its agency, to all

the coulter-stalks o o and blades p p.
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937. Fig. 337 gives a perspective view of this machine, bearing the same
letters of reference. The price of it varies from J619 to £21.

938. Just recently the Messrs Garrett have invented certain improvements in

the construction of the horse-hoe described above, which consists in an improved
mode of suspending the mortise-bar, to which the hoe-levers are connected,

with the view of facilitating the raising and lowering of the bar for the purpose
of adjusting the hoes to the proper angle of working, according to the nature of
the ground for which the machine is to be used.

939. In the Illustrated Inventor of the 13th February 1858 is given a per-

spective drawing and longitudinal section of the modified horse-hoe, accom-
panied with a description of its construction, which we extract as follows

:

'* At the opposite sides of the ordinary framing of the implement is mounted
one of a pair of screw-shafts, so as to be capable of being turned on their bear-

ings without receiving an endway motion
;
they are each provided with a right

and left-hand screw-thread, to which are fitted travelling-nuts, tapped to work
on the screw-threads, and move (as the shafts are turned) towards or from each
other, according to the direction of the rotation of the screw-shafts. Jointed to

and pendent from these nuts are rods or levers which are jointed in pairs at

their lower ends to the extremities of the mortise-bar, and serve to support that

bar in a horizontal or other desired position. The rotation of the screw-shafts

is effected by means of winch-handles applied to their squared heads, which
project beyond and in rear of the framing. Mounted loosely upon a plain

portion of each of the screw-shafts, and at about the middle of their lengtli, is

a swinging-guide, intended to receive one of a pair of guide-bars or rods, which
are jointed to the opposite ends of the mortise-bar. These swinging-guides and
guide-bars are employed to steady the mortise-bar in its upward and downward
movements ; but it should be stated that they are not absolutely necessary for

the efficient action of the implement. The hoe-levers are connected as usual to

the mortise-bar, and are supported and raised in the ordinary manner at their

hinder ends.

940. " From the above explanation it will be understood that when it is

required to raise or lower the mortise-bar, it is only necessary to turn the
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screw-shafts, the rotation of which will cause the nuts of each pair of pendent
rods or levers to approach or recede from each other, and thereby increase or
diminish the space between the mortise-bar and the framing of the implement,
according to the direction of rotation imparted to the screw-shafts

;
by which

means (the level of the hind ends of the hoe-levers being at the same time
unaltered) the angle of the inclination of the hoes to the ground will be changed
as desired. In order to effect the endway movement of the mortise-bar,

which movement is requisite to bring the hoes into a line with their work,
a steering-iron is connected to the mortise-bar without any intermediate line

or other contrivance, which arrangement gives the attendant increased command
over the implement."

941. Scufflers.—A scuffler was an implement which was used not only to cut
the ground under the roots of surface-weeds between the drills of a green crop,

but to pare away at the same time a portion of the sides of the drills. Those
effects were produced—the eradication of the weeds, by means of a broad share ;

the paring of the drills, by means of two flattened curved tines, supported on
wings which could be expanded or contracted on a quadrant, and fixed with a
pinching-screw, according to the width of the drills. Such a scuffler was some-
thing of the form of the drill-grubber, fig. 316, but having the handles attached
to the middle bar, at c, and with no front wheel. This was a very efficient

and pleasant-working implement, but it has somehow of late got out of use.

942. Another species of scuffler, for the same purpose as the one above, was
formed of the double mould-board plough, fig. 274. The mould-boards were
removed and wings attached in their place, movable on a quadrant, and a broad
share affixed instead of the narrow-pointed one. The wings supported either

curved tines, as in the implement described m 941, or such as are represented

at b, fig. 336. This scuffler was abandoned upon the correct principle of avoid-

ing the use of the same implement for performing two very different sorts of
work, such as double mould-board ploughing and scuffling.

943. Section Fifth.—Sowing Machines and Manure-Distributors—The Broad-
cast Sowing Machine.—This machine has now come into pretty general use,

especially in those districts where the arable system is under the best manage-
ment, and on large farms is nearly superseding the process ofhand-sowing. It not
only sows all the white grains, wheat, barley, oats, when sown broadcast, in a very
uniform manner, and with any desired allowance per acre, but it serves in a superior

manner for grass-seeds, in point of distribution, and, in the case of windy weather,
is greatly superior to hand-sowing. This last advantage arises chiefly from the
low position of the discharging orifices, as compared with the height of the hand
in sowing ; but partly also from the more direct discharge of the seed from the
machine ; its velocity ofdischarge likewise, and the distance it has to fall, being
always uniform. The nice gradation of the discharge is one of its chief qualifi-

cations, for it may be adjusted to sow any required quantity per acre, between
the lowest and the highest, that may be judged expedient, and in all cases,

from the uniformity of the distribution, a considerable saving in seed may be
effected.

944. We have had occasionally to notice the rather curious facts of the intro-

duction of certain practices from England into the Scottish system of farming.
Such practices have either remained stationary in the former country, or have
been but partially extended, whereas the practices thus borrowed by the latter

have been improved on, and widely extended. The machine now under con-
sideration is another example of this ; for though it appears to have been origin-
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ally brought into Scotland from Yorkshire, we believe it is even now but spar-

ingly used in England, while in Scotland it is in extensive nse in the best

arable districts, and still rapidly extending. In the course of some inquiries as to

the period when this machine was first adopted in Scotland, we have been
enabled, through the kindness of Mr Scouler, late of Haddington, to fix the time of

its introduction to the year 1817, and the first machine so made appears to have
been by Mr Robert Lowrie, Edington, who makes the following statement :

—

w The first broad-cast sowing-machine that came into this county (Berwickshire)

was ordered by myself from England from Mr Short of Chiverton by Hackhill

;

it was a smart thing, wheeled by a man, and was about 8 feet long ; it is still in

the possession of Mr Wilson, Edington Mains. I got that machine in 1816,

and in the following year I made one from it for Mr Wright, late tenant in Pren-

derguest, which was 15 feet long, -and was drawn by one horse. So far as I

know, tins was the first sowing-machine made in Scotland ; and after it had
sown Mr Wright's crop of that season, I exhibited the machine at the agricul-

tural shows of Coldstream and Kelso, and received premiums for it at both

places ; this was in 1817 ; and in the following year I made one of the same
dimensions for Mr Wilson's father, the late Mr Abraham Wilson." From Ber-

wickshire the machine made its way immediately into East-Lothian, where
the manufacture of it was taken up by the late Mr Adam Scouler after the

machines of Mr Lowrie above referred to, and was successfully carried on by his

successors, Messrs Scouler and Company of Haddington. The machine here

referred to as having been brought from Chiverton, is the same as those yet to be
found in the northern and eastern counties of England, and used chiefly for

sowing grass-seeds ; its application to the sowing of grain having made little

progress, or it may rather be considered as having been superseded by the drill-

system of sowing, so much practised in these counties.

945. In the early application of the broad-cast machine, it was mounted on
two wheels ; but a few years' experience pointed out the advantages of a third

wheel, which was applied to it by Messrs Scouler about the year 1830, the third

wheel being applied as a 6wivel or fore-carriage. The carriage is still subject

to considerable variety of construction, but these varieties are not of a nature to

alter its general character. A carriage of a nearly triangular form is very
generally adopted, the apex being in front over the swivel-bar. A rectangular

carriage is also very much employed, and this is the most workmanlike construc-

tion, though perhaps not the cheapest, but it is withal the most convenient and
useful form. As regards the general construction, an important improvement
has been introduced within the last six years ; this is, the cutting of the seed-

chest into sections. The chest is usually made 18 feet long, which being far

beyond the width of any field-gate, produced a necessity for changing tho posi-

tion of the chest when passing through a gateway. It was therefore the prac-

tice to lift the chest from its working position parallel to the axle of the machine,

and deposit it parallel to the horse-shafts until it had passed through the gate.

This was clearly both imperfect and inconvenient, and these defects gave rise

to the cutting into sections, the middle part being 9 feet, and the extremes each

4£ feet, so that when the latter are folded up, the extreme length of chest is 9

feet.

946. In many parts of the country, ridges are made oidy 15 feet in width
instead of 18 ; but in that case the difficulty of finding access through a field-

gate is as great as in the other, so that the division of the seed-chest into

compartments is a convenience appreciable by all who use the machine.

947. The illustrations of this machine which we have here given in Plate
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XIII. are taken from those manufactured by A. & G. H. Slight of Edinburgh,

and they exhibit the machine in its most complete state, embracing the chest in

sections, with the mode of supporting the same ; this last improvement having,

it is believed, been first introduced by the late Mr Slight. In Plate XIII.,

fig. 1 is a view in perspective of the entire machine as it appears when
in work, and fig. 2 a section, on a scale of £ an inch to a foot, taking the

chest transversely through its centre, the carriage being cut in the same line,

or parallel to the horse-shafts. In these two figures the same letters mark cor-

responding parts. The carriage is marked a b a, fig. 1, and is a frame of

hardwood, the bars of which are from 4 inches to 5 inches in depth, and 2£
inches in thickness; the dimension of the frame being 7 feet in breadth over all

and 4 feet in length over the rails, of which there are three, as seen at b b. The
hind wheels c c are 34 inches in height, generally formed with cast-iron naves,

wooden spokes and fellies
;

or, as in the figure, the fellies are superseded by a

simple hoop of malleable iron 2^ inches by f of an inch, which, for light carriages

of this description that never travel on hard roads, is found sufficiently service-

able. The axle of these wheels is 1^ inch diameter, seen at d in fig. 2, and
is in two lengths supported in pillow-blocks bolted to the lower edge of the bars

a a a, fig. 1, of the frame, and meeting in the middle bearing. The nigh-side

wheel is fixed dead upon the axle, carrying the axle round with it to give

motion to the pitch-chain d e of fig. 2, and which is seen also at a in fig. 1,

where it is seen as entering the chest. The off-side wheel may in this case

be also fixed dead upon the other half of the axle, or it may run loose. But the

axle may also be made in one piece, the off-side wheel being left loose, which
is necessary for the convenience of turning round, tliis wheel being disengaged

from turning with the other. The front wheel /, fig. 2, and seen also partially

in fig. 1, is 24 inches diameter, usually of cast-iron, and is supported on the cast-

iron sheers g, which are 4 inches wide between the arms, and terminates upward
in the lower halfof the swivel-plate h, and this again is furnished with a strong

pivot, passing upward through the head i of the cast-iron fore-beam i k. The
head of the fore-beam is formed into a swivel-plate corresponding to that of the

sheers g, and is bolted to the two foremost bars b b of the carriage. Two small

pillars /, are cast upon projecting ears of the swivel-plate of the sheers g, and
bolts passing through these pillars and the splinter-bar m, bind these parts

firmly together, producing an effective swivel-carriage. The horse-shafts n,

fig. 1, broken off in fig. 2, are attached to the splinter-bar m by means of a long

draught-bolt passing through the ends of the shafts, and through eyes fixed in

the splinter-bar.

948. The seed-chest oo, fig. 1, Plate XIII., is 18 feet in length, formed of

£-inch deal. The breadth of the bottom board is 6£ inches, projecting on one side

2^ inches, forming an apron on which the seed falls from the orifices. The
sides of the chest are 10^ inches in depth, and the cover 14 inches in breadth,

9 inches of which forms a hinged flap, as seen in the figure. The chest is

bound together upon ends and partitions of hardwood l£ inch thick ; when
in sections as here described, each section has two such ends, and the middle

section has two partitions in the middle, set at 2^ inches apart. When the

chest is in one length, two ends and the two middle partitions only are required.

The joints or hinges of the sections are formed of the iron straps p p, two of

which are securely riveted on each side of the chest, having eyes formed at

the apex q q, and through these eyes a small bolt q passes from side to side,

which completes the hinge ; and by withdrawing the bolt the parts of the chest

are at once disengaged. For the better connection of the segments, however,
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"when the machine is in action, the contignona ends are held in contact by a bolt

and nut, as seen at & in fig. 3, which, together with fig. 4, is on a scale of 1

inch to a foot. The two extreme segments also are supported by the light

tension-chain i* i' »' f, fig. 1, which passes over the two upright iron stanchions

k k\ the tops of which t' »' form the suspending fulcra for the chain, while its

extremities are secured at the points f f with adjusting nuts.

949. The sowing-gear of the machine consists of the following parts : The
main axle of the carriage is mounted with a pitch chain-wheel 4 inches dia-

meter, placed upon the axle close to tho middle bar a of fig. 1, Plate XIII.,

and seen in full at d e, fig. 2; a corresponding wheel r is placed upon a
short axle within the seed-chest, and between the two middle partitions of the

chest. In this way motion is communicated from the carriage wheels c, and
their axle to the axle of the small wheel r, fig. 2. A light shaft, ^ inch square,

is coupled to the ends of the axle of the wheel r, extending to each end of

the chest : when the chest is entire, each of these shafts is also entire ; but

in the present case each shaft is in two pieces, coupled at the junction of

the segments of the chest by means of small clutch couplings attached to

the ends of the shaft, and these engage or disengage of themselves when tho

segments of the chest are let down or folded up. These last-mentioned

shafts are supported in bearings of hardwood laid in tho bottom of the chest,

at distances of from 2 feet to 2^ feet, and the journals, which are l£ inch

long, covered with straps of stout hoop-iron. The shafts are armed with the

seed-wheels of the form shown at r in fig. 3, which are placed upon it at

distances of 6^ inches, 32 wheels being required for an 18-feet chest.

950. The sowing-gear of this machine has undergone a variety of changes.

In the example before us, the pitch-chain is employed to communicate motion

from the first mover—the carriage-axle—to the seed-wheels. It has the pro-

perty of great simplicity, but has been objected to on tho score of its keeping

the seed-wheels constantly in motion, whether sowing or not, which has been

supposed to have a tendency to injure the grain that lies in contact with the

wheels. Perhaps there may bo grounds for this supposition ; but if it do
exist, the deterioration must bo very trifling. Be these surmises what they may,
they have given rise to the means of prevention, by employing a gearing that

disengages the seed-wheels from the first mover when the machine is being

moved, and no discharge of seed required. Fig. 5, Plate XIII., represents a

vory perfect and convenient arrangement of this kind, and which has been very

successfully employed, but is a little more expensive than the chain-gearing

:

a is tho seed-chest, b b a part of tho carriage, and o o the middle and back

transverse-bars of the same (corresponding to b b, fig. 1). The bar/*?, fig. 5,

forming one side of light cast-iron sheers, is bolted to the bars o o (stand-

ing in place of the middle longitudinal bar a of fig. 1) ; and the three

equal wheels c c c, fig. 5, are set in the sheers—the first of the three being upon

the carriage-axle, and the meeting-ends supported on the sheers. The last of

the three wheels c takes into the wheel mounted on the central portion of the

seed-wheel shaft, as before described in (949) ; and d is a fourth wheel, of equal

size with c c, mounted on the lever g, which is forked to receive the wheel d,

and to embrace the sheers parallel to the bar / e at r, upon which last point

tho lever turns as a fulcrum. It will be evident that, by lifting the lever g,

and throwing it forward upon the seed-chest, the wheel d will be ungeared

from the first wheel c ; and though it remains in contact with the middle wheel

c, no motion will be communicated to the seed-wheels, until the lever is returned

to its original position.

s
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951. The seed-wheels have suffered a variety of changes : originally, circular

brushes were employed ; then came wooden naves, of about 3 inches in length

and 2£ inches in diameter ; and into these were inserted leaves or teeth of hoop-

iron, about 1 inch broad and 1 inch long, and this form of wheel is still much
employed. In the progressive stages of the machine, it was furnished with

one set of these small shafts carrying brushes, and another set carrying wheels,

uh above described ; the former being then thought necessary for sowing grass-

seeds, and the latter were employed for grains : observation shortly pointed

out that the toothed wheels were equally well adapted for either grass-

seeds or grain, and the brushes have consequently been laid aside. The
wheels represented by r, fig. 3, are of cast-iron, of very light fabric; they

are ten-toothed, and are 4 \ inches diameter, measuring to the extreme points

in the cross section ; the points of the teeth are slightly rounded to adapt them
to the concave groove or cup that is formed in the back of the chest around

each discharging orifice; the wheels are cast with a square eye, and fixed

upon the shaft by barbing the angles of the shaft round the eye of the wheel.

952. Corresponding to each seed-wheel, a discharging orifice, *, fig. 3, Plate

XIII., is formed in the back of the chest; theBe are £ inch diameter, and
their centre is l£ inch above the apron-board / u. On tho inside of the

back-board, oval excavations are made in the wood around tho orifices, leaving

the bottom of tho cups or edges of the orifico not exceeding TV inch tliick

;

and in tliis oval cup the seed-wheel sinks until tho point of the teeth are

only £ inch clear of the bottom of the cup or the edges of the orifice as seen

at 5, fig. 3. Tho position of tho seed-wheels in relation to the bottom f u of

the chest, is such as to make the teeth turn at about J inch clear of the

bottom. Tho seed orifices are defended by the iron plates cT, fig. 4, of a

triangular form, the apices d' are driven into the apron which secures that

point of the plates, and the other two points are fixed by nailing. The fixing

of the plates requires somo attention, in order that the orifices may exactly

coincide with those of the slido / 1 : without perfect coincidence in these two
parts the sowing will be unequal.

953. The slide is a bar of hoop-iron 2 inches in breadth, and about -j^ inch

in thicknoss ; it is perforated at the regular distance by means of a punching
instrument, and gauged to determine the precise intervals. In the entire chest,

the slide is in two lengths, but in that now described each half is again cut in

two at the junction of the sections, and connected by a slip hinge-joint. Tho
slide is held in its place by the small clasps e'V, fig. 4, Plate XIII., and a clamp

f is riveted upon it at any convenient point ; tho short arm of the lever w enters

an opening in tins clamp, while its fulcrum lies in the plate b', which carries

a perforated Btud, and is fixed on the back of the chest, as in fig. 3, form-

ing the fulcrum of the lever, by means of which the slide is moved over the

seed-orifices. To effect the precise adjustment of the orifices, tho slide is

made in two halves, and at each end of the chest an adjusting-screw r, fig. 1,

acts in a nut attached to tho end of the chest, the point of each screw being
brought to bear against the end of the slide, which is here thickened to meet
the point of tho screw. The adjustment will be understood by reference to

fig 4, which represents a portion of the slide of the left-hand half of the chest.

The slide is here supposed to have been pushed towards the right hand by
means of the adjusting-screw i\ fig. 1, till the orifices have been reduced
to tho desired size, as hero shown in fig. 4, about half shut ; in tins state

tho machine is supposed to be fit for sowing, and that it has reached the end
of the field, when it becomes necessary to shut while turning : the shutting
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is effected by moving the elide still further to the right hand, by means of
the lever w

y
until the orifices are entirely closed. Both ends of the chest having

undergone this operation, which is done in an instant, but in reverse directions,

the machine may go to any distance without discharging a grain; but when-
ever it has been turned into the next ridgo, the lever to is thrown in the opposite

direction, moving the slide towards the adjusting-screw t>, fig. 1, and this being
done at both ends, the orifices will have attained precisely the same area as
before, and thus the shutting and opening again to the same area ; and of course

the same discharge is effected for any number of turns without the smallest

variation, so long as the screw v remains unaltered.

954. For the purpose of equalising the distribution of the seed over the

surface of the ground after it has left tho discharging orifice, the bottom-board

/«, fig. 3, Plate XIII., of the seed-chest is made to project beyond the back of

the chest about 2j inches, as at u, forming an apron on which the seed is first

received from the orifice, and being thus checked in its descent,, is thereby
more uniformly scattered over tho surface. Another precaution is taken, the

better to secure a uniform discharge, in the case of sowing on ground that has
a high inclination. In sowing up-hill, in Buch situations, the woight of the

seed is thrown more upon that side of tho chest from which it is discharged,

tending thereby to increase the discharge. On sowing down-hill, on the other

hand, the effect of pressure is reversed, and the discharge will be less. To
obviate these inconveniences, Messrs Scouler, amongst their other improvements
in this machine, introduced a tilting motion to tho seed-chest in the following

manner : on the two outward bearers a a of the carriage-bolsters y y, fig. 1,

having a semicircular seat of about 8 inches diameter, and corres|>otiding to

these, on the bottom of tho chest, are formed two circular bearings or journals

y y, fig. 2, on the bottom of the chest and concentric with the shaft of the seed-

wheels r, fig. 3. Upon these journals the chest can be tilted to a certain extent

backward or forward, and tins is effected by the lever z, figs. 1 and 2, which
may be variously attached to the chest. In the present case it is a fork thrust

into two apertures in the chest, forming a lever, whose arm is retained in the

sheers of the quadrant a', fig. 2, and by raising or depressing tho lever z, the

chest is tilted backward or forward as the sower sees it necessary ; tho lever

being retained in the required position by a bolt passed through the lever and
the then corresponding hole in the quadrant.

955. As the seed-chest is 18 feet in length, and it may sometimes be desir-

able to reduce its breadth of sowing to 16 or to 15 feet, suiting ridges of these

breadths, the reduction is effected by stopping two, three, or more of tho seed-

orifices at each end. For this purpose, the orifices intended to be stopt aro

provided with a flat swing-clasp, turning upon a pin to which it is riveted, and
having a flat tail which is brought over tho orifice that is to Ik) stopt. Two of

these clasps are seen at each end of fig. 1, Plato XIII., under ar, where they are

in the position that leaves the orifice open.

956. In using the broad-cast machine, it is frequently drawn by one horse

;

but it forms a rather heavy draught, and is, therefore, more frequently the work
of two horses. The chest is filled from end to end with the seed-corn, and, tho

horses walking in the furrow, the machine sows the half-ridge on either side.

When tho chest has been filled, and tho machine brought to that position which
places the horses in the furrow—the sower having previously determined the

degree of opening in the orifices that will deliver the desired quantity per acre

—

he throws each slide outward against its graduating screw, which will produce
the proper opening (953) ; and this done, the horses are driven forward. On
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arriving at the farther end of the ridge, and before entering upon the head-ridge,

the slides are withdrawn towards the centre, closing up the vents ; the machine

is then turnod round on the head-ridge, and takes up a position on the next

furrow, when the process is repeated, and so on till the field is sown all over,

the head-ridges being the last portion of the work ; and here the blindings of

the extreme orifices come frequently into play, if the head-ridges arc of less

breadth than those of the field. One horse is sufficient in this machine for

sowing grass-seeds.

957. It has often been suggested that a register screw or index would be a

useful appendage to the macliine, by which the sower could at once fix upon

the extent of opening in the seed-vents. This addition, however well it may
appear in theory, appears, in the practical application of the machine, to be of

little value ; for the eye of an experienced sower will, on passing over a few-

yards with the machine, by simple ocular inspection bo able to judge of the

quantity of seed he is bestowing upon the soil. If experimental accuracy is

required, the sower may then put into the chest as much grain as will just

cover the seed-wheels, and then measure in, one or two bushels, and proceed to

sow this until as much remains as will just cover the wheels again, so that the

measured quantity is found to have been discharged. By now measuring the

number of yards in length that have been sown with two bushels, he will

ascertain by calculation the proportional quantity required for an acre. Thus,

let the intended quantity to be sown upon an acre be 5 bushels, and that 1

bushel has been sown in the experiment which has covered 140 yards of the

18-feet ridge, or 2 half-ridges equal to 18 feet, or 6 yards. The imperial acre

contains 4840 square yards, and this divided by 6, the yards in the breadth of

the ridge, we have 806$ as the number of lineal yards in length of an 18-feet

ridge to make up an acre ; and ^ of this, or 161.2 lineal yards, is the extent that

should have been covered by 1 bushel of seed-corn. The machine having, as

supposed, covered only 140 yards, it follows that the sowing is about £ part of

the bushel too thick : the graduating-screws, therefore, must be turned forward

about half a turn, and the experiment repeated if thought necessary. It is

seldom, however, that such experiments will be required in the hands of a

practical sower.

958. With reference to the inconvenience attending the great length of seed-

chest, as already taken notice of, when it is one length, there remains to be

observed that the method by which it is shifted is this : in its working state the

chest is kopt in its roll-bolster by means of two quadrants attached to the

lower part of the chest—one being on each Bide of the carriage. These are

formed concentric with the curvature of the bolster y y, fig. 2., Plate XIII., and

a bolt over which the quadrant slides is screwed into the side of the carriage,

and this retains the chest in its place. When it is found necessary to move the

chest, the two bolts are unscrewed, which sets the chest at liberty ; it is then

lifted from its bolsters and laid longitudinally on the carriage. In this opera-

tion the pitch-chain, when that medium of power is employed, has to be disen-

gaged by withdrawing a coupling-link from the chain ; but where the medium,

fig. 5, is employed, there is nothing required but the unscrewing of the quad-

rant-bolts to set the chest at liberty, after which it is lifted and laid longitu-

dinally on the carriage. The price of these machines varies from £10 to £12.

959. Smaller, and of course lighter, machines than the one just described for

sowing grass-seeds and grain, might be made to move upon two wheels, and he

drawn by a man or two men, for the use of small farms.

960. Grain Drilling-Machines.—The introduction of the driU-system into the
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agricultural practice of any country, will always form an era in the annals of

its agriculture ; but it is often a difficult matter to define the precise time of its

introduction, more especially when we find that, by tracing the history of

man in his social capacities, the practice of drilling grain extends backward
to the must remote antiquity. A curious an<J interesting example of this,

in an antiquarian point of viow, is to be seen in the series of Hindoo models of

agricultural implements that was, until lately, in the Museum of the High-

land and Agricultural Society at Edinburgh, but now in that of the Techno-

logical Museum. Amongst them is to be seen a correct model of a rudely-

constructed drill-machine, possessing all the essential points of the more ela-

borate modem implement ; and amongst a people so little liable to change,

there can bo no doubt that the machine is of very remote origin, compared
with which the earliest of our modern drills are but tilings of the moment ; and
all of them, of whatever degree of merit, are but improvements on the Hindoo
original.

961. Amongst the early notices of the introduction of the drill system in

England, wc find Amos* recommending it as early as 1783 as the result of

numerous comparative experiments ; and the figures which he gives of the

drill sowing-machine, which he recommends not as an original invention, but

an amplification of that given by Duhamel, is almost identical in every essential

point with the most approved drill sowing-machine used in the present day in

England, and which may be held as the most perfect machine of its kind ; but

from the excessive elaboration employed in its construction, its high price lays

an interdict upon its introduction into tho economical practice of Scotch farming.

962. Tho mode of distributing the seed adopted in the broadcast sowing-

machine, from the simplicity of the principle, opened a ready means of acquiring

a drill Bowing-machine at a moderate price : this accordingly quickly followed

the introduction of the broadcast-machine, and until very lately no change of

importance has been made upon the common Scotch drill. Slight modifica-

tions, however, had been effected occasionally, such as varying the distance

between the rows, the machine always covering the same breadth, but varying

in the number of coulters. Thus, a machine to cover 7^ feet in breadth could

change the number of its coulters from 11 to 10, 9 to 8, the spaces between
tho rows being respectively, 8, 9, 10, and 11 inches, or thereby.

963. The Common or East-Lothian Drill Sowing-Machine.—This has been here

taken to illustrate the principles of the machine. Though it may be deficient in

some points as compared with those of Berwickshire and Roxburghshire, yet

its extreme simplicity and cheapness have brought it into very extensivo

adoption, not only in East-Lothian, but in other districts where the drill-

system is followed. Fig. 1, Plate XIV., is a view in perspective of this

machine, and for the better elucidation of its construction, fig. 338, shows
the arrangement of the parts in longitudinal section, and for convenience

of reference the letters mark corresponding parts in both figures. The figures

represent a machine of six rows, which is the size most generally used, chiefly

because it can be drawn by one horse ; but also in the event of its being em-
ployed along swelling ridges, its covering but a small breadth secures a nearly

equal depth for the deposition of the seed, which cannot be easily done under
the same circumstances if the machine is mounted with a greater number of

coulters. But it follows from the peculiarity of structure, the coulters being

permanently fixed in position for the depth to which they penetrate the soil,

that the machine is best adapted for sowing across the ridges, and hence it is

• Theory and Practice of Drill-Husbandry. By William Amos. 1802.
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almost invariably worked in that direction, though when worked in the direction

of the ridge the breadth covered by the machine is equal to one-fourth of an

1 8-feet ridge.

Bn:;io* or the coWMck bwll-iowino xacsmhs

964. In the construction, a is a bed-plank, 5 feet 1 inch in length, 14 inches

in breadth, and 2£ inches in thickness. Across the ends of this are bolted the

two side-bars 6, each 33 inches in length, 2£ inches in deptli, and 2^ inches

in breadth. These last are crossed by the bar m m, bolted to the side-bare,

serving a special purpose, to be afterwards noticed ; and these four parts form

the simple framework of the machine. The seed-chest c is 4 feet 8 inches in

length, placed between the side-bars b, and attached to these and the bed-plank.

The chest may be about 10 inches in depth, 2J inches wide at bottom, and 15

inches at top, with a hinged cover. The chest, so mounted with the seed-

wheels and axle gf
and with side-plate, lever, and adjusting-screw, is in all respectR

similar to the broadcast machine, fig. 3, Plate XIII., except that, in place of the

apron on which tho seed falls in the broadcast, the orifices deliver the seed

directly into a small hopper-shaped aperture formed in the bed-plank, immedi-

ately under the orifice i, fig. 338. The carriage-wheels d are 3 feet 1 inch in

diameter ; the axle of one of them is seated in a strong bush or plumnier-block,

and coupled to the small shaft of the seed-wheels, thereby giving them the requi-

site motion, their revolution coinciding with that of the wheels, and the opposite

carriage-wheel turns upon an axle fixed permanently upon the bed-frame. The

horse-shafts e are jointed to tho bed-plank at A, and appear broken off at (,

by strap-and-hook hinges, and the handles //are bolted to the lower side of

the bed-plank. The coulters k k consist of an iron shank £ inch square, fur-

nished at the lower end with a pointed sheath of sheet-iron about ^ inch thick;

the sides of this sheath being about 3 inches broad and 5 inches or more in

height rivejted upon the bottom of the shank, which at this place is forged int«>

a wedge shape to receive the sheath. The coulters are fixed at top in mortiacs

cut in the bed-plank, and fenced with plates of iron above and below, where

they are secured by means of wedges ; and they are further supported by

the coulter-bar o, seen in section. This bar is bolted under the heel of the

handles //, and to it the coulters are attached by eye-bolts. The seed, on

leaving the orifices, falls into tho funnel-shaped receptacle i in the upper side

of the bed-plank, from which it passes down the tube i into the sheath of the

coulter k, Jby which it is doposited into the rut formed by the sheath.
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965. From the construction and action of this machine, and the resistance of

the soil to the passage of the coulters through it, there is a constant tendency
produced by the traction of the horse, when the machine is in action, to elevate

the extremity of the handles ; and by thus swinging upon the axle of the

wheels, the coulters are withdrawn from their action on the soil, and from
forming the rut for the reception of the seed. The tendency thus produced,

being greater than a man is capable of continuing to contend with, is counter-

acted by the application of the balance-chain / ly as shown in fig. 338, producing
a change of direction in the line of draught, and of the point of attachment of

the draught. In this machine, the true point of attachment is in the lunge A,

fig. 338 ; and the tendency of the draught, when applied simply to this point,

is to cause the point h to approach an imaginary straight line lying between
the horse's shoulder and the point of resistance at lowor k in the figure, and the

effect of this is to bring h forward and downward, or to throw lower k back-

ward till it lose hold of the soil, thereby destroying the intended effect of the

coulter. The counteraction of tins is effected by the position of the balance-

chain, and its attachments to the machine. The first part of it is a simple rod,

fixed to the shafts at i, and to the extremity of a pendant attached to the hind

bar of the shafts at h ; the chain then passes under the coulter-bar o, and on to

the cross-bar of the handles//, as seen in fig. 1, Plate XIV., where it terminates

in a handle furnished with a spring-catch, by which it can be hooked under

tension, to the cross-bar of the handlos/ ;
or, by disengaging the catch, the chain

hangs loose. When the chain is brought under tension, and the shafts borne

up by the horse, the resistance to the coulters is transferred to the back of the

horse, through the medium of the chain acting on the shaft at the point I and
on the pendant h, the point of which being below the plane of the shaft, changes
the direction of the tractive force from e h to e middle and leaves the handles/
in a nearly quiescent state. The marker, m n, is another appendage to the

machine, which, although not so necessary as the balance-chain, is yet gene-

rally applied to this drill-machine, especially when sowing across the ridges.

It consists of the bar m m, and the marking-rod in n. The latter is swing-

jointed on a stud fixed in the onds of the bar m m, and having a stop on the

joint, by which either of the markers can be retained in the position of that

on the further side of fig. 1, Plate XIV., or let down, as in that of the nigh
side. The use of the marker is to trace a lino on the surface of the ground
parallel to the direction in which the macliino travels, and at a distance from

the middle point of the surface covered by the machine equal to the entire

breadth so covered
;
hence, on returning to sow the next breadtli, the horse

should walk exactly upon the line drawn by the marker. In sowing with the

machine here described, the distance from line to lino will be 4 feet 6 inches

;

the distance between the rows being 9 inches. The wheels are usually set

54 inches apart, measuring at the point where they rest on the ground ; or their

distance in any machine may be found by multiplying the number of coulters

by the number of inches given to the interval between the rows or coulters

;

thus six coulters, at 9 inches of interval, give 6 x 9=54 inches. ' From the

construction of the machine it is found, that when the balance-chain is under
tension, the coulters are drawn to the ground, and the handles also drawn
downward ; but on releasing the chain, which is done at the land-ends and
turnings, the conductor must support the handles to keep the coulter from the

ground, and in tliis state, if the handles are let go when the machine is stand-

ing, the coulter will pass forward, and the handles will fall to the ground. To
prevent this last inconvenience, a crutch is usually appended to the marker-bar w?,
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which, on stopping, is allowed to drop to a perpendicular position, resting on the
ground, and thus keeps the machine upon a level. This appendage not being of
much importance, is left out ofthe figure. The line/)p is the surface of the ground
upon which the wheels d move. This machine requires two horses to work it.

966. This sowing-machine was long and successfully manufactured by the
late Scolder and Company, and is now by their successors Kemp, Murray, arid

Nicholson, of Haddington ; and with slight variations by various other imple-
ment-makers, as Morton, Leith Walk, Edinburgh ; A. and G. H. Slight, Leith
Walk, Edinburgh, &c.

967. The price of tho common drill-machine varies, according to the number
of coulters, from £6 to £10.

968. New Lever-Drill Sowing-Machine.—Fig. 2, Plate XIV., represents a driU
sowing-machine, introduced by the late Mr James Slight Mr Slight having
been impressed with the superiority of the improved English lever-drills, but
seeing at the same time the difficulty, or impossibility, of introducing such an
expensive machine into the Scotch practice, was induced to make the attempt
of engrafting what appeared the better parts of the English machine upon the
more simple machinery of the Scotch, thus producing a machine little, if any-
thing, inferior to the original, at one-third of the price. The results appear to

justify the expectations, for the new lever-drill has now been tested in the
hands of a number of practical judges, and found to give entire satisfaction,

either in sowing grain alone, or in depositing the granulated manures along with
the seed in any required proportion. The figures here given of the machine
represent it without the manure-chest, which, when adopted, is placed imme-
diately before tho seed-chest, making very little change in the appearance, and
adding little to the apparatus, except the chest itself.

969. While fig. 2, Plate XIV., exhibits the machine in perspective, the

annexed cut, fig. 339, shows more distinctly the arrangement and construction

motion or int v«w umiuuu «owrKo-»iAciiis«.

of tho parts, by a longitudinal section. In these figures the corresponding parts

are marked as far as possible, by the same letter of reference. In the con-

struction of this drill, the bed-frame a a consist* of two side-rails 5 feet 2 inches

in length, 4 inches in depth, and 2^ inches in breadth, with three principal

cross-rails a
,
fig. 339, mortised into the former, besides a minor rail, forming

the bearing or platform of the seed-funnels. Tho three principal cross-rails are
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each 4 inches by 2J inches, the minor rail being only
1 J inch in breadth. The

entire width of the bed-frame for a 6-row drill is 4 feet 7 inches over all, and
the length over the rails is 4 feet 3 inches. The seed-chest 6, which is 4 feet

7 inches long, has its sides 12 inches deep, and is constructed and mounted in

every respect similar to that of the broadcast-machine, fig. 3, Plato XIII., ex-

cepting again the projecting apron, which in the drill-machine is not required,

and in the mode of communicating motion to the seed-wheels h, fig. 339. Tho
carriage-wheels c are 3 feet 6 inches diameter, and have their axle bolted to the

lower side of the bed-frame ; the wheels may be either constructed in the usual

manner with wooden fellies and hooped, or, as in the figure, with a strong hoop of

iron only. The fore-wheel d is 2 feet diameter, mounted in the sheers u>, and e

is one of the two pillars of the swivel-plate, to which the splinter-bar/ is attached.

The shafts g are jointed to the splinter-bar/ by a draught-bolt passing through

eye-bolts in the bar and through the ends of the shafts. Tho remaining parts,

jry:, of the fore-carriage are precisely the same as described in par. 947 for

the broadcast sowing-machine. Tho sowing-gear in tho lever-drill consists of a

wheel i fixed upon the inward end of the cast-iron nave of the carriage-wheel

on the nigh side ; of a second wheel k, placed intermediate between t and the

third wheel /, which last is mounted on a continuation of the seed-wheel

shaft h ; these three wheels are all equal, and are 7 inches diameter. The
intermediate wheel k is supported upon a stud in the end of a bent lever, the

handle of which is seen at the extremity of the side-rail of the bed-frame, and
below the roller p ;

by means of this lever the wheel k is withdrawn from the

wheel L, to stop the motion of the seed-wheels. The discharging apparatus

of the seed-chest is precisely the same as described in par. 952, with slide h
y

lever i, fig. 2, Plate XIV., and adjusting-screw. From the orifice in the slide,

the seed falls into funnels m m, fig. 339, each funnel consisting of a series of five

joints, each joint sliding freely within the one below ; the uppermost being fixed

on the platform of the bed-frame, and the lowermost in the socket of tho

lever n n. These funnels are made of the strongest tin-plate, and are

strung together by three lines of small chain to prevent their entire dislo-

cation, but allowing sufficient freedom of motion to admit of the rise and fall

of the lever with its coulter. A quadrant o, fig. 2, Plate XIV., of malleable

iron, is fixed by the bolts v v, fig. 339, on each side of the bed-frame, in such a

way as to be capable of a change of position in the vertical direction to the

extent of a few inches ; to this quadrant the levers n n are jointed at u upon a

rod of iron 1 inch in diameter, which extends from side to side of the bed-frame.

The levers are forked at the end u, spreading to 9 inches wide, and where the

fork unites, the bar is 1 inch by ^ an inch ; it is perforated at t for tho reception

of the bar 1 1\ and an eye is formed at m into which the lower segment of the

funnel is fixed ; it thon diminishes gradually to the extremity w, winch is turned

up to prevent the weight o from being dropt off. The weight is a block

of cast-iron of from 3 lb. to 7 lb. weight, of which there may be several sizes,

to be applied according to the state of the land, its purpose being to press tho

coulter into the ground. The coulter in this machine has its cutting edge of

solid forged iron, upon which the cheeks /' aro riveted, forming the sheath, and it

U secured in the lever by a screw-nut, while the point of the conlter, sinking

1 inch deeper than the sheath, gives the seed a more pulverised bed than can bo

produced with a coulter that is level below. A wooden roller p, 4 inches dia-

meter, furnished with iron gudgeons and with a ratchet, is supported in a light

iron standard at each end, upon the side-bar of the bed-frame. A, light chain q
from each lever is attached to the roller, and a cross r being fixed upon the
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gudgeon at the right-hand Ride, the roller can thus be turned round by means

of the cross-anns, the chains wound up to any desired extent, and the coulters

lifted from the ground. This operation is found convenient at the turnings, or

at any time when the machine is not sowing, and the roller, chains, and levers

are held in the desired position by the pawl s falling into the rachet-wheel. The

coulters are represented nearly out of the ground, which is indicated by the line

JJi 339, and when let down to the working level, they penetrate to the

depth of 2 or 3 inches. The distance between the wheels, where they rest on

the ground, is equal to 54 inches, as in the common drill—one of the wheels,

therefore, will always fall into the track of the former round, which may Rene

as a marker to the conductor of the machine
;
but, though not shown in the

figure, a marking bar, similar to that of the common drill, is usually fitted to it

as a movable appendage.

970. From the construction of this machine, with its fore-wheel and with

its lever-coulters independently movable, its motions are more steady and ita

management more easy than the common drill, fig. 338, while the freedom of

vertical motion in the coulters gives it the advantage of sowing on any kind of

surface, on ridges however round, at equal depths for every coulter, and either

across or along the ridges with equal facility. It requires two horses to w ork it.

971. The prices of the new lever sowing-machines range from £10 to £18.

972. Garrett's Suffolk Lever Corn-Drill.—We shall now describe the drilling-

machines used in England, of which we select, as an example for illustration,

the " Suffolk Lever Corn-Drill," manufactured by Messrs Garrett of Saxinund-

ham, Suffolk. This presents so many features of construction in common with

the new lever-drill sowing-machine just described in fig. 339, that we shall

have little more to do than describe the arrangements and mode of operation

as exemplified in Plato XV.,—fig. 1 of which is a sectional elovation, and fig. 9

an end elevation, both drawn to a scale of £ inch to the foot. In fig. 340 we

give a perspective view of the machine.

HUttfl »or«it.« niin-oim-i.mil in «h«w. iiv».

973. In this form of drill the delivery of the seed is effected by a disc a a,

Digitized by Goog



OARRETTS LEVER CORN -DRILL. 283

fig. 1, Plate XV., attached to a barrel or shaft b 6, fig. 2, from the face of which
projects a series of arms set in a circle. These arms carry cups, which, as the

discs revolve in the chamber in which the seed is placed, deliver it to the shoots

ceCy fig. 2, and which convey it through the delivery-tins ddio the coulters e e.

The depth to which the coulters e e penetrate the soil is regulated by the weights

// attached to the end of tho coulter-levers g g, these being jointed at their

extremities, as A, by the keys 1 i, fig. 1, to the mortise-bar, carried by tho frame jj.
The coulter-levers g g being thus jointed at their extremities, the coulters e e

attached to them adapt themselves to all the irregularities of the surface. Tho
distance between the rows is regulated by setting tho levers g g on the mortise-

bar, carried by the frame jj. To prevent damp grain, &c, from adhering to

ami remaining in the cups, little percussion-hammers are loosely suspended on

a bar above tho line of revolving cups. As the cups revolve, the arms to which
they are attached catch tho ends of the hammers and carry them a little

beyond the line of their centres. When released from the cup-arms they fall

down and strike with a sharp stroke the arm of the cup next in succession, and

which at this moment is above the delivery-spout. All adhering matter is then

shaken out of the cup.

974. When working on very hard soil, in addition to the pressure exerted by
the weights//on the levors g g, extra pressure is exerted on them by means of

the levers 1 1. The coulters can be lifted out of work by turning the barrel m
by the lever n n, round which the chains o o, attached to the coulter-levers, are

wound. To keep the corn-box p p, the lids of which are shown open at q q, in

fig. 2, quite level when the machine is going up or down hill, the regulating-

screw r r is brought into requisition. This is worked through the intervention

of the handle s and lever t, and face-wheels u and r, fig. 1

.

975. The driving-wheels aro shown at to u>, tho axle at x or, and y y are the

nave Bpur-wheels, which engage with the pinions z keyed on the shaft b b of the

cup-barrel. The quantity of seed delivered to the seed-tins d d is regulated

by the relative sizes of the wheels y y and z z. Change-wheels are used to

vary the quantity of seed delivered as required. Set-screws, 1 1, are used to

adjust the different cog-wheels, and fv.wi.

keep them properly in gear. The
wheels, z z, can be taken in and out of

gear by the lever 2, fig. 2. The travel-

ling-wheels ic w are kept clean by the

scrapers 3 3.

976. In fig. 1, Plate XV., 4 4 shows

the wrought-iron sill which carries the

box-barrel and other working parts ; 5 5

is the frame of the fore-steerage, 6 6

the steerage travelling - wheel, 7 the

connecting-arm by which the steerage

is made fast to the frame 4 4 of the drill

to steady it in the draught, 8 the iron

by which the horses are attached, 9

the friction-break used for steadying

the "steerage" in going over rough
land. The lever-handle, to keep the

steerage straight, is shown at 10.

977. In fig. 341 we give a perspective *CA1*- 4
,MCU TO TH *

view of the "fore-steerage." In this view the parts a a correspond to that
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figured 5 5 in fig. 1, Plate XV., b i, b b, to 6 6 6, c c to 7, d to 8, t to 9, and
//to 10.

978. In using the fore-steerage, the attendant walks behind the wheels b £,

and by operating on the handles or levers // adjusts with ease and precision

the position of the axle carrying the wheels bbb. Two or more horses are

required to work this machine.

979. The price of Garrett's Suffolk lever corn-drill is £32 ; the price of a
fore-steerage £4, 10s.

980. Turnip-Drills.—Like the othermembers ofthe class ofimplementsemployed
under the drill-system of cultivation, turnip-drills mark an improved state of the

art, for in the early history of turnip culture we find the broadcast method of

sowing generally adopted, and in some parts of England at the present day, where
farming is otherwise well understood, we yet see the broadcast system of sowing1

turnips not only practised, but advocated as the most productive. That great

aggregate weight of turnip may be produced in broadcast in particular soils

and seasons, may be true, but doubtless a greater certainty of success is to be
obtained from the drill practice ; and it appears now, from the latest English
authorities, that the broadcast practice will soon be rooted out by the unflinch-

ing hand of experience.

981. In the early stages of the drill practice of turnip culture, the breadth

of land sown being but Bmall, a single-row hand-drill or barrow seoms to

have been generally used, but a simpler implement than even this has been
employed—the hand-flask sower. As the practice extended, machines of two
rows were introduced, drawn by one horse, and this in various forms con-

tinues to be the chief instrument employed in Bowing the turnip-seed.

982. The varieties of the turnip-drill are too numerous to be detailed here in

full, nor would it be profitable to follow all the fancies of machine-makers, some
of whom have produced but cumbrous and inconvenient vehicles, which, when
their purpose is considered, are cumbrous not only in their bulk, but in the

multiplicity of their parts, and henco are complicated and tender, liable to

derangement and failure, and are marked by an absence of that simplicity of
construction so desirable in agricultural mechanics. In many of our more modern
turnip-drills, however, there is to be seen a marked simplicity of construction

that accords well with the objects in view, and this holds especially with those

machines which are employed for sowing the seed alone ; and in none more so
than the machine now very generally known as the East-Lothian drill, which
we shall have occasion more particularly to notice.

983. The recent introduction of numerous granulated manures has called

forth a new class of machines, whoso object is to deposit the manure along with

the seed either in immediate contact, or in close contiguity, and these com-
pound machines have again involved a degree of complexity of construction

;

for whenever a machine is required to perform compound functions, a neces-

sarily increased complication of structure iB entailed upon it to a greater or

less extent, proportionate, perhaps, to the mechanical talents of the fabricator.

984. An additional cause of complication in the compound drills has arisen

within the last few years, from a desire to economise the distribution of the

modern expensive manures, by depositing small portions of it at the points

only where the future root is intended to grow, leaving the intervals destitute

of manure. The propriety of thus dealing so niggardly with the soil in with-

holding those substances in abundance by which it is enabled to continue its

fertility, is at least questionable ; but the experiment has effected what we are

at present endeavouring to establish—the further complication of structure in
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the machines employed. The drill-sowing machines adapted to this purpose

are designated in Scotland plumpers, from their dropping their gifts on one

point. In England they are better known by the name of dibbling-machines,

or drop-drills.

985. The whole tribe of turnip-drills may be conveniently divided into two
classes, from the manner in which their movements are produced—namely, those

that move on rollers which press the ridge before the seed is deposited, and
those which move on wheels, having rollers generally attached as an appendage
rather than as a mover. The roller-machines embrace most of those which
deposit the seed alone ; the wheel-machines chiefly those which deposit manure
along with the seed,—but the one-row hand-machines approach to this class,

from the necessity of their being furnished with wheels to render their move-
ments more light upon the hand. Without entering fully into the numerous
varieties of roller-machines, we shall proceed to give illustrations of only two
of its forms, one with an elevated, the other with a low framework.

986. The Easl-Lothian Turnip-Drill.—This drill, represented in fig. 342, is one

of the most efficient and simple in construction of its class. It is uncertain

THE *«.»!-) OlHIiN ICHMIP I KIIX.

whether its origin can t>e traced to East-Lothian—more probably it is of Berwick-

shire ; but it must be observed that John Wightman, an industrious mechanic

of Upper Keith, East-Lothian, obtained the award of a premium from the High-

land and Agricultural Society of Scotland in the year 1827 for his invention or

improvement of this machine, and the form adopted by him still continues to

be very generally employed, though in some districts with Blight variations

;

but from the simplicity of its construction, and the ease with which it is man-
aged and kept in order, it is not likely to undergo any very important change
for the sowing of seed alone. Tins is an example of a machine with an elevated

framework.

987. In describing this turnip-drill by referring to fig. 342, the bed - frame
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a a is 4 feet 6 inches long, and 2 feet wide over all, having two transverse and

three longitudinal bars, each 2J inches square. The three pendant or upright bare

bbb are of the same scantling, and are mortised into the longitudinal bars of

the bod-frame ; and for additional strength to these pendants, a slot-bar of 2^
inches by 1 inch is frequently passed through them immediately above the rollers,

though not exhibited in the figure. Stay-braces c c are attached to the bed-

frame on the bottom of the pendant by bolts ; but in many of the inferior sorts

of machines these are omitted, greatly to the deterioration of their strength and

durability. The horse-shafts d d are bolted upon the two transverse bare;

their scantling is usually about 3 by 2£ inches at the front bar
;
they are also

supported by stay-braces «, and furnished with the usual horse-mounting. The

two rollersf/, which are both motive and compressing, were in the early forms

of the machine made of wood, but are now made almost always of cast-iron

;

they are 16 inches in length, 14 inches diameter at the ends, and from 6 to 8

incheB in the middle. These rollers are cast as light as possible, and with

cross arras at each end, through the eyes of which, and through the lower end

of the three pendants b, au iron rod of 1 inch diameter is passed, forming the

axle of the rollers, and upon wliich the machine rests and moves. From the

varying diameter of these rollers, their surfaces at different points move with

different velocities, producing friction and disturbance on the surface of the

ridges. To obviate this, it has been proposed to cut the rollers transversely

into tliree sections, thus giving each section freedom to move with its own
individual velocity. Two seed-boxes g g, one of which is here shown with its

cover thrown open, are attached to an iron frame or bow //, through the ends of

which the axle also passes, wheroby the whole becomes movable upon the axle.

The seed-boxes g g are 12 inches long and 9 inches wide, outside measure,

and including the cover are 8 inches lrigh to the apex. The bottom of

the boxes is formed of tin-plate funnel-shaped, and terminating in a short

nozzle to enter the sheath of the coulter L, the latter being also firmly attached

to the iron bow h. For the convenience of regulating the depth of the rut made

by the coulter, and for moving it out of or into the ground, iron connecting-rods

it it are attached to the seed-box frame, and again at top to the levers / / ; the

latter, serving as handles to the machine, are jointed at /', and when lifted up

by the sower and rested upon the iron brackets or guards, by which each lever

is embraced, the coulter is raised out of the ground by the ascent of the seed-

box frame ; and when again Bet in work, the sower, by holding down the

handles till they rest upon the hind-bar of the bed-frame, keeps the coulter at

a uniform depth in the soil ; the rod k being inflexible when once set, but being

furnished at top with a plate palm having several perforations, it can be adjusted

to any depth of rut that may be judged requisite
;
hence, in this form of the

machine, tho connecting-rod it is the regulator of depth. The seed-box g is only

the cover or shield, for the true seed-box, which is usually made of tin-plate,

is in form of a small barrel, and is hence called the seed-barrel. The length of

the seed-barrel is 6 inches, and its diameter 6 inches ; its ends being of hard-

wood, and 4 inches diameter, a small axle is passed through the barrel, having

bearings on the two ends of the outer box, and upon the outward extremity of

each axle there is placed the pulleys m m, having an acute groove formed in

their edges. A pulley corresponding to each of these is fixed upon the outer

ends of the rollers//, and being concentric to the rollers, the main axle passes

also through them. A band of strong jack-chain in is now passed round each

pair of pulleys, whereby the locomotion of the rollers gives a revolving motion also

to the seed-barrels, and the consequence is the distribution of the seed through
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the small orifices in the middle zone of the seed-barrel. An important function of

tins machine has yet to be noticed—its self-adjustment to the width of the ridges.

This is accomplished by the width between the pendants b b being greater by
4 or 5 inches than the length of the rollers, together with their attached pulleys

and iron bows h, which admits of a ready lateral motion of the roller, with its

accompaniments of bow, coulter, and seed-box, so soon as the machine is put in

progressive motion, and the curved rollers feel any unequal resistance right or

left. Ajiy such unequal resistance, on either end of the rollers, draws it imme-

diately to that side where the resistance is felt, until it is fairly adjusted to the

slope of the ridge or drill ; the effect in this case being produced entirely by the

action of the sloping sides of the drill against the conoidal sides of the rollers.

988. Fig. 343 is a longitudinal section of this turnip-drill, for the purpose of

showing more in detail the exact relation of the parts referred to in fig. 342, the

12 6 0 1 2
h-H-r-T-Hr-T-H-H I I fret

i ! jsuiri i'is*! mcrios ot urn um iotuiak tcks41jm.hu l.

corresponding parts being marked by the same letters as before. Thus a a

marks one of the longitudinal bars of the bed-frame, and a! a' the two transverse

bars cut by the section ; the pendant bar b is shown as it is connected to a a, and

has also the slot-bar passing through it, and cut likewise by the section. The
position of the stay-brace is represented by c, with its fixture bolts at top and

bottom to the side-bar and pendant, while d is one of the horse-shafts broken off.

The end of the roller/ is seen in its position beyond the pendant bar, and g gives

also an end view of the seed-box, which is fixed between two light bent iron

standards h! ; these are forged in pairs, and are first bolted to the coulter-frame

or bow hj the seed-box being afterwards affixed between the standards. The
coulter and its shield i is fixed upon the back of the bow h ;

its length is about

8 inches, the cheeks of the sheath being 5 inches by 3 inches, and standing about

\\ inch wide at the tail. The hopper i', of tin-plate, is fixed in the seed-box

as a bottom, the funnel terminating in the spout that conveys the seed between

the cheeks of the sheath, and thence into the rut prepared by the coulter in the

soil. The connecting-rod k is jointed to one of the seed-box standards at bottom,

and at top to the lever V /, as before described ; t shows the joint of the lever,

and n is the bracket in which the lever is embraced, and on which it is supported

when the coulters are raised out of the ground. The chain m m which commu-
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nicates motion from the roller to the seed-barrel, by passing over their respective

pulleys, shown in the figure by the dotted circles, is kept always at uniform
tension, whatever bo the position of the seed-box, by reason of the bow h and
its apparatus moving round the main axle of the rollers, when acted upon by
the lever /' I. The machine, as here represented, is to be supposed in the act of
sowing, the lever / being close down upon the transverse bar ; the line x x
therefore represents the lino to which the point of the coulter penetrates the
soil, which, from the curvature of the roller, will be 3 inches below the surface,

the sheath i reaching only a depth of 2 inches.

989. Fig. 344 is a perspective view of the seed-barrel, detached from its seat

;

a a is the axle or spindle in which it revolves,

and on the longer end of which the pulley is

placed. The barrel is formed of tin-plate in

two conical frustra;, joined base to base, with

a cylindrical band b of 1 inch broad interposed

between the two, and the truncated ends are

closed with discs of hardwood. The band b

is usually divided into six equal parts, and
at each point of division three small apertures

are punched out, each three varying in size

from to £ inch diameter, but all in the same
order from more to less. A separate band is

then fitted to the first, closed with a clasp-joint, and capable of being slid round
to a small extent upon the interior band, and is, besides, provided with a pinching-

screw, by which it can be fixed at any point within its range of motion, which
does not necessarily exceed one inch. The movable band is likewise divided

into six equal parts, and at each division a perforation is made larger than any
of those in the interior. By these arrangements the movable band can be placed so

as to expose any of the three sets ofthe six perforations of the inner hand, whereby
a greater or lesser quantity of seed can be sown, according to cinmmstances.

In the figure, the perforations are seen on the outer band ; the clasp-joint also is

seen near the upper side b of the figure ; and the pinching-screw and slit by which
it can be fixed or moved, are seen in the middle of the figure. The slider d covers

a hole of £ inch diameter, by which the barrel can be tilled or emptied of seed.

990. In some cases this machine is furnished with a pair of small covering

rollers, of 18 inches in length, and 4 inches in diameter, made of any hard wood.

When these are adopted, which is but seldom, the rollers are mounted in light

iron frames or sheera, which are hooked on to a bolt in the coulter-frame, and
are thus dragged behind the maclune. These appendages are not, however,

considered as forming an essential part of this drill. One horse is quite suffi-

cient to work this machine.

991. The figures given hero are from the machines as manufactured by
A. & G. H. Slight, Edinburgh, who have also been successful in applying to

it an apparatus by which some of the richer granulated manures, such as guano,

can be applied along with the seed.

992. The price of the East-Lothian turnip-drill in the ordinary state for

sowing seed alone, ranges from £5 to £6, 10s.

993. Several varieties of this drill are to be met with, in which the chief

difference lies in the mode of communicating motion to the seed-barrel. In

some of these bevelled-gear is employed, in others spur-gear, and in some,

examples of both means are applied for throwing the seed-barrel out of motion

when it is desirable that the sowing should cease, such as at the turning at the
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land-ends, and the like. The want of this in the machines above described may
appear as a defect, and, viewing the article as a piece of machinery, it no doubt
is a defect ; but the advantage to be gained from the adoption of that which may
be considered to constitute the more perfect machine is so trifling a saving of

seed—perhaps to the amount of from J to 1 per cent of the whole—that few
farmers seem to consider the saving to be an object of such importance as to

compensate for the additional expense and complication induced by the adoption

of the disengaging principle. But among these varieties there appeared, some
years ago, at the Highland and Agricultural Society's Show at Dumfries, a drill

of this class, which, to the adoption of spur-wheel gearing, added a mode of dis-

tributing the seed which gave it a claim to notice, and for which a premium
was awarded to Mr Geddes, Cargen Bridge, the originator of this improvement

994. Geddes's Turnip-Sowing Drill.—This drill is represented in perspective in

fig. 345, and a glance will satisfy the reader that the general principle of its

construction is the same as that just described—the East-Lothian turnip-sowing

machine ; but with a depression of the parts forming the framework of the

machine, which gives to it an appearance of compactness and strength. A solid

plank a a takes the place of the bed-frame of the East-Lothian turnip-sowing

machine, and a pendant b at each end is secured to the plank by means of tenon and
bolts ; the pendant being no longer than just sufficient to admit the free motion

of the rollers under the bed-plank. The horse-shafts c are bolted upon the back of

the plank, and the handles or levers d d jointed to it, and embraced by the open
guards n n, as in fig. 342. The rollers e e are in like manner mounted upon
a rod passing through them and the pendant, from side to side, and likewise

through a V-form brace of iron appended to the middle ofthe bed-plank, support-

ing thus the middle of the rod, which forms the common axle of the machine.

The coulter-frames//are applied also on the same principle, but differently con-

structed ; for instead of being a continuous bow, as in fig. 342, they here

consist of single bars appended on the axle, and connected transversely by a
bed-plank of hard wood, which forms the sole or bottom of the seed-boxes g g.

The coulter is also attached to this plank, and a perforation formed for the dis-

charge of the seed, which is conducted into the sheath of the coulter by a tube
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as usual. The anus //of the coulter-frame are prolonged and turned down-

ward to form the bearings of the small covering-rollers i i, which, in this case,

become permanent members of the machine ; and as they must necessarily

be used when the land is in different states of dryness, they are each

furnished with a permanent scraper, to prevent the accumulation of soil upon

them, when it is in a damp state. The motion of the main rollers e e is commu-
nicated to the seed-distributor by means of spur-gearing in a series of small-

toothed wheels, the first of which is attached to the end of its corresponding

roller, and the last fixed upon the axle of the distributor ; and these, together

with the intermediate wheels, are enclosed in a case, one of which is partly seen

at A with the cover of the case removed. These cases, with their wheels, are

attached to and movable with the coulter-frames and all their appendages, and

the coulter-frames being supported behind upon the covering-rollers 1 1, these last

become the regulatois of the depth to which the coulters are to penetrate ; and

for the purposes of this regulation, the covering-rollers are capable of being

shifted up or down in their bearings in the end of the bent arms of//j to suit any

required depth. As the consequence of this also, the connection between the

coulter-frames and the levers d d is formed with a chain in place of an inflexible

rod, the levers being required only for lifting the coulters from the ground

;

while the weight ofthe frames, with their load of coulters, seed-boxes, wheels, and

covering-rollers, possesses sufficient power to keep the coulters in the ground,

and the covering-rollers prevent their going beyond the prearranged depth.

995. The distributing apparatus in this machine has been considered to con-

tain its principal merit, and has been supposed to afford a more correct means

of graduating the quantity to be sown than the common seed-barrel. This

apparatus is very Bimple ; the interior of the seed-box is formed into a semi-

cylinder of 7 inches diameter and 5 inches in length, which may be of wood or

of tin-plate. Fig. 346 is a transverse sec-

tion of this, d d being the interior surface of

the box, in the bottom of which an opening

is made to receive a brass roller ft, 1$ inch

diameter, having a groove of ^jpinch wide run-

ning round it, as in the figure. The roller is

mounted on an axle a, which is prolonged to

sufficient distance beyond the box for receiving

the last wheel A, fig. 345, of the series already

w »«»»»• tc»*i™o«i»»
described, the connection with whioh give*

motion to the roller ft. A slider c is attached to the interior of the box, and

capable of nice adjustment by a screw or otherwise. The lower end of the

slider c, which comes in contact with the roller ft, is formed with a tongue that

enters into the groove, and the adjustment of the opening between the point

of the tongue and the bottom of the groove determines the quantity of seed to

be delivered.

996. The dimensions given of the East-Lothian turnip-sowing machine, fig. S42,

will apply generally to this, taking 10 to 12 inches for the breadth of the bed-

plank, while its length is the same as the frame of the East-Lothian. One hone

works this machine. It is an example of a machine with depressed framework.

997. The price of Geddcs's turnip-drill will, in consequence of the greater

expense of tho wheel-gearing as compared with that of chains, be somewhat

higher than the East-Lothian turnip-drill ; but the peculiar points here detailed

merit the attention of machine-makers.

998. Two-Row Turnip-Drill on Wheels.—As long since as 1815, a two-row

turnip-seed sowing-machine, mounted upon wheels such as those of the New
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Lever-Drill, fig. 2, Plate XIV., was in common use in the Border counties of

England and Scotland. Why it was given up we cannot tell. Its construction

was such, that the handles, the covers of the seed-barrels, and the coulters,

were either movable or fixed upon the axle of the seed-barrels as desired.

This construction, and the mounting upon wheels, made it a machine admirably

adapted for the sowing of turnip-seed upon land in foul condition, in which
condition, of course, land should not be, but which it may be in certain seasons.

Bnt what is more to the purpose, this construction, with movable handles and
coulters and wheels, was best adapted for sowing turnip-seed upon new-taken-

in or waste land, which always contains much unbroken turf and other obstacles

unsuited to the proper action of fixed coulters and conoidal rollers. This

machine formed the foundation of the turnip and bone-dust drill, fig. 1, Plate XVI.
999. Though the cultivation of the turnip can only be carried on to its most

productive extent on the large scale, there are yet many who cultivate it suc-

cessfully on a small one. We therefore give an illustration of a one-row turnip-

barrow, suited to farms of small size.

1000. The One-Row Turnip-Seed-Sowing Barrow.—This barrow is represented

in perspective by fig. 347 : it consists of a frame of timber, formed of the two
handles a a, connected by a broad transverse bar which carries the seed-box /.

mm

turn TCiiKii'-aMb-aowuia barrow

The stilts are 5 feet in length, 2 h inches in depth, and U inch in breadth

;

the width of the frame at the handles a is 2 feet, and at the farther point,

a e, 14 inches ; besides the broad bar, a round stretcher e to a is introduced

near the farther point of the stilts, chiefly intended for the attachment of a drag-

rope
; an iron axle is placed below the frame, running in bushes or small

pillow-blocks, and the two wheels b b are fitted to it, one of them fixed, the other

running free. These wheels are 2 feet diameter, with cast-iron naves, and of very

light construction. Two iron legs c c are bolted to the stilts, with stretcher and
braces to render them steady. A toothed spur-wheel d, of 7 inches diameter, is

fixed upon the axle, and this acta upon another t of equal size fitted upon the

spindle of the seed-barrel, which last is of the same construction as fig. 344. Tho
seed-barrel is mounted in the case /, and, for the purpose of disengaging the

wheel « to set the seed-barrel at rest, the slide-bar g is applied, which having
its upper edge worked into an inclined plane, the drawing out of the slide-bar

praises the spindle and wheel e, and disengages it from the driving-wheel. The
bottom of the seed-box is formed into a funnel, terminating in a director-pipe,

a« seen near d, which descends into the sheath of the coulter h. The coulter
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is simply a bar of hard wood, 2J inches by l£ inch, set in a mortise in the trans-

verse bar of the frame, and fixed at the proper position by means of a wedge,

and shod at the bottom with a strong sheet-iron sheath.

1001. Two men are required to work this machine, small as it is, one to

support the handles, and the other to pull by the drag-rope attached to the

round stretcher in front ; or a small pony or an ass may be yoked to the stretcher.

1002. Passing over the many and varied forms of the two-row turnip-drill that

are in extensive use, and many of which are very effective, but much too numer-
ous to be detailed here, we proceed to the description of one of those com-
pound machines already alluded to in par. 985, as forming the second class of

drills, and which are employed for depositing manure along with the seed in

continuous lines.

1003. The Turnip-Seed and Bone-Dust Sounng-Drill.—The machines of this

class have not yet received that general sanction from agriculturists which the

first class has long maintained ; and this probably arises from the consideration

that turnip will and must be sown more or less in all localities, but the kinds

of manure to be resorted to will vary considerably, according to the circumstances

of those different localities. The simple seed-sowing machine will be employed
in all places, but the manure-sower will be resorted to principally in those

localities where the granulated manures are more extensively employed ; hence

the demand for the machines of the complicated class will always be greatly

under that of the simple class. The difficulty, also, of producing an efficient

compound machine is great, and the expense considerably higher than of those

of simple construction, and these circumstances combine to check the extension

of those of complicated construction. The machine now to be described is the

result of some experience and numerous experiments, in which a variety of

arrangements have been experimented upon, and the result has produced a

machine that yields satisfaction, and possesses all the requisites of the opera-

tion of depositing seed and manure together continuously and in any required

quantity.

1004. Plate XVI., fig. 1, exhibits a view in perspective of this turnip and bone-

dust drill, but which, from its combination, can only be described in a general way
from this figure. The main or bed-frame a a is constructed in a similar man-
ner to those of the corn-drills, Plate XIV. This frame is 3 feet 9 inches wide

over all, and measures 4 feet 2 inches longitudinally over the front and back
rails ; the axle of the carriage, which passes across and under the frame, is

supported in pillow-blocks bolted to the side-bars. The wheels b b are 3 feet

6 inches diameter ; one of them is fixed dead upon the axle, carrying the latter

round with it, and thus forming the mover of the acting parts ; the other

wheel being left at liberty to revolve on the axle, for the convenience of turn-

ing the machine round. The horse-shafts c c are bolted to the two foremost

transverse bars, and are made of bent timber, to bring them to the proper height

of the horse. The seed-barrels, of the form already described, fig. 344, are

enclosed in the boxes d d, through which axles pass to and are supported on

longitudinal bearers, each axle carrying a pulley, one of which is seen at d

.

The two manure-hoppers e e are 2 feet 2 inches square at the top, 1 foot 8 inches

deep, and 8 inches square at bottom. They are constructed with a cast-iron

bottom, having an opening of 1^ inch wide, and the length equal to the breadth

of the entire bottom, adapted for the reception of the manure-distributing wheel.

Flanges e' e' rise from the bottom, by wluch it and the boarded sides of the

hoppers are connected, and four ears project laterally also from the bottom, by

wluch it is bolted to the bed-frame. The latest improvement in this macliiue
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has been the addition of a pair of pressing-rollers // of the same form and
dimensions as those of the common drill, fig. 342. Each roller is also furnished

with a coulter-frame g g, which carries the coulters h A, the coulter being the only

appendage attached in this case to the frame or bow. The rollers and bows are

threaded upon a rod as usual, the ends of which are supported in the malleable-

iron brackets t, one being attached to each side of the bed-frame, with adapta-

tion for being raised or lowered at pleasure. The pressing-rollers have also the

usual extent of lateral play, whereby they possess the property of adjusting

themselves to the ridges, of carrying the coulter-frame and coulter along with
them, and of securing the object of the seed being always sown directly in the

middle of the drills. Two lever-handles, k k
y
are jointed to the front bar of

the bed-frame, though not seen in the figure ; and to these are attached the

connecting-rods f f, whose lower ends are jointed to the coulter-frame, thus
bringing the operation of the coulters under the control of the person who takes

charge of the levers kk. The connecting-rods/'/' are capable of adjustment, by
means of a series ofholes in their upper ends ; and when sowing, the adjustment
is such that, when the coulter is at the proper depth, the lever-handles k k rest

upon the hind-bar of the bed-frame, and, when thrown out of working, the coulters

are raised by lifting up the levers, till they rest upon the bridge n. An iron

lever is also jointed upon the front bar ; its handle, extending backwards to if,

serves to disengage the action of the manure-distributors from the motion of

the main axle ; and as the motion of the seed-barrels is taken from that of the

manure-distributors, all the secondary motion ceases on the movement of the

lever jf, and is again brought into action by moving it in the opposite direc-

tion. The motion of the manure-distributor is conveyed by small spur-wheels,

which are not seen in the figure, and the seed-barrels are driven by separate

chains from the shaft of the manure-distributor.

1005. Such is a general outline of this drill ; but in order to make the illus-

tration complete, we have here added a geometrical plan and elevation drawn

Fig. 348.

IS 6 0 1 2 3>-'>'> — 1 — /eet
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to the annexed scale, winch thus exliibits the true relation of the parts. Fig.

348 is the elevation, in which a a is one of the side-bars of the bed-frame, and
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a' a' d the three transverse bars ; the side-bars 4£ by 2£ inches, the trans-

verse bars 4 by 2j inches. Hie carriage-wheels b have the axle supported on

pillow-blocks bolted to the lower edge of the side-bar a, and the horse-shafts,

seen broken off at c, are bolted upon the upper edge of the two foremost trans-

verse bars. The position of the seed-box is shown at d, and e marks the

position of the manure-hoppers, lower e marking also the junction of the hop-

per with the cast-iron bottom, and the form of the same. While the carriage-

wheel rests on the line x x representing the bottom of the drill, the relative

position of the pressing-roller is shown at/ with its coulter-frame g and coulter

k, being the connecting-rod between the coulter-frame and the lever-handle,

and p a funnel inserted within the sheath of the coulter to retain the manure

and seed directors. The pressing-roller axle is supported in the malleable-iron

pendant and stay i », which is bolted on at each side of the bed-frame. The

lever-handles k k are jointed at the fore end in iron sheaves placed under the front

transverse bar as at a' it, the handle being at liberty to rise and fall as required.

A kneed tube /, the director of the manure after it passes the distributor, is

secured by flanges that lie under the ears of the hopper bottom ; it is jointed

at I so as to have a lateral swinging motion to adapt it to the movements of the

roller / with its appendage, and it terminates with the funnel p. The seed-

director m is formed in a similar manner, and terminates with the kneed tnhe in

the funnel p. It follows from this arrangement, that the seed and manure are

deposited in a mixed state, and at the same instant. A seed-barrel of the form

of fig. 344 is placed within the box d, n being the spindle on which it revolves

:

and o I is one of the manure-distributors, being simply an indented wheel of 6

inches diameter, l£ inch thick, and having ten indentations or teeth
;
they are

mounted on an axle which passes quite across the bed-frame. This wheel is so

placed in relation to the opening in the hopper, as to be quite close to the fore

end of the opening, while an aperture is left at the opposite side sufficiently

large to pass the largest allowance of manure that is to be given out ; and in

order to graduate this quantity, a sliding sluice e is attached to that side of

the hopper, and is adjusted by means of the screw at top. By these means the

area of the discharging orifice can be regulated to any desired quantity per

acre. The motions for the discharge of the seed and manure are produced from

the wheel r, which is placed on the main axle, and gives motion to a similar

wheel not seen in the figure, placed upon the manure axle.

1006. In the plan, fig. 349, which exhibits the bed-frame and what is imme-

diately attached to it above, but leaving out the upper works, as well as those

below, the parts not seen, or imperfectly seen in tie former figures, are here

further brought into view. The longitudinal and transverse bars of the bed-

frame are again marked a a a a, but here four secondary bars, a7
a' a' a', are

exhibited ; these are introduced to form the bearings of the seed-boxes and

manure-hoppers with their shafts. The bars a' a* a' a*, are mortised into and

lipped over the two transverse bars a a, their upper surfaces being all upon a level

with those of the main side-bars. The carriage-wheels are again marked b ft, the

main axle b' 6', and the horse-shafts c c, broken off as before. The seed-barrels,

with their separate spindles and pulleys, are seen in their position at d d, the

boxes being removed. The seed-barrel pulleys are driven by means of the

chains which pass round the pulleys / /, mounted on the auxiliary shaft/,

which carries also the manure-wheels e <?, and the clutch-wheel h. This last

wheel, which carries round the auxiliary shaft/', runs loose upon the shaft, bat

can at pleasure be put in connection with the clutch-fork t, which slides upon a

square on the shaft, and moves at all times with it. The loose wheel h is also
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constantly in gear with the driving-wheel g, which is fixed upon the main axle

b' b', and at all times, when the machine moves, keeps the wheel h in motion,

rn.v or 711* TTJKKtp akii noun-wit ac.w:so.:m:t.:.

Fig. .VM1.

while the sowing-gear is at rest. The lever k is jointed to the front bar a, and

has hold of the clutch-fork ;
this, in the figure, is shown disengaged ; but

when the whole machinery is required to move, the lever is shifted to the right,

which brings the fork of the clutch i into contact with the loose wheel h, and

immediately carries round the clutch, and with it the shaft f and all its depen-

dencies. The lever-handles 1 1 are jointed below the front bar a, and extend

backward to a convenient distance ; their chief duty is to lift the coulter, and

keep it at a uniform depth in the ground, both of which are accomplished

through the medium of the connecting-rods g\ fig. 348, which are hooked to the

levers on the studs m m, fig. 349.

1007. Fig. 350 is a horizontal section of the pressing-roller, with the coulter

and its frame ; a is a portion of

the roller-axle, b the roller in sec-

tion, its contour being arcs of a

circle. This form, though very

generally adopted, is inferior in

point of usefulness (especially in

giving shelter to the youngplants)
to that form of roller which has

its central part nearly cylindrical,

and its terminations two opposite

conical frustums, giving to the top

of the ridge a surface nearly level

to the breadth of 8 inches. The
bow or frame e c is made of malle-

able iron, 2 inches in depth, and

| inch in thickness; d is the

sheath of the coulter, which for this machine requires to be made wider than
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ufiual to receive the manure-director ; the dotted lines at e show the width and
form of the cheeks of the sheath at hottom. In this case, also, the opening
behind in the sheath is closed up by the oval-shaped runnel p, fig. 348, the body
only of which is hero shown, the spreading funnel being cut off in the figure,

but distinctly seen in fig. 1, Plate XVI., above h h. Fig. 350 shows the bow
c c as applicable to the seed and bone-dust machine, but the only difference

between this bow and that of fig. 342 is, that in it the bow of fig. 342 is made
so much wider as to admit the chain m pulling between the end of the roller

and the cheek of the bow h.

1008. The machine thus described may be considered as one of the best of

its kind, and though apparently complicated, it is yet as free of that fault as it

is perhaps possible to attain, while the essential objects are kept under command.
The graduation of the discharge of manure is attainable by it to any desired

limit, and the discharge is also regular and uniform. The means of engaging
and disengaging both the seed and manure gearing is perfectly efficient and
simple. One horse is quite sufficient to work this useful machine.

1009. From the materials and labour necessarily expended in the construction

of a machine of the kind of the turnip and bone-dust sowing-machine, the price

is higher than that of the common two-row drill, fig. 342, being £11, 10s.

1010. Garrett's Seed-and-Manure -Sowing Drill.—We shall now describe

Messrs Garrett's seed and manure drill, for drilling every description of seed

with or without manure. In fig. 351 we give a perspective view of tins machine,

and in Plate XVII. two views, of which fig. 1 is a sectional elevation, and
fig. 2 an end elevation, botli being drawn to a scale of f-inch to the foot.

1011. The seed is put into the box a a a, fig. 2, Plate XVII., from which it

passes through slides, in regulated quantities, into the chamber in which the
cup-barrel bbb revolves. It is then taken up by the cups c c and delivered to

the delivery-tins d d, and from thence passed to the seed-coulters e e ; the depth
to which these enter the soil being regulated according to the pressure on the

levers/, fig. 1, by the weights g.

1012. The manure is put into the manure compartment, the quantity passing
therefrom being regulated by a movable slide worked by the handles hh, fig. 2,
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attached to the wrought-iron shaft or spindle i i, this shaft being connected

with the joints j J*.
The manure is passed into the manure-delivery tins k it,

fig. 1, and from thence to the manure-coulters /. These coulters are regu-

lated in the depth to which they penetrate the soil by the cross m m ; fixed

on the shaft of the barrel n, round which the chains o o are passed, their lower

extremities being attached to levers p p, supporting the weights q. Rakes

r r, attached to the manure-coultersp p, fill up the channels left by them, so that

the seed-coulters e work in fresh-stirred soil directly above the manure.

1013. The manure and seed-box is raised and lowered, so as to be kept

level on hilly ground, by the handle *, fig. 1, working the lover /, and by the

face-wheels—one of wliich is shown at u—the screw spindle ». To the travel-

ling-wheels w w—a number of the spokes, and part of the felly of the nigh

one, are broken off to show the wheel-work at 1 z y—the nave-wheel x is

attached ; this engages with the wheel y, which again engages with the inter-

mediate wheel z. This is fixed on the shaft of the manure-barrel, and engages

with the wheel 1 fixed on the driving-shaft of the seed-barrel. The manure-

Btirrers are worked by the cog-wheels 2 2, fig. 2 ; 3 3 are the wheel-scrapers.

The partitions for keeping the seed in regulated quantities in the different

compartments of the box are denoted by the figures 4 4 4. The wheel y is thrown

in and out of gear by the lever 5, fig. 1. The wrought-iron sill is shown at

I 6, fig. 1, on which the box and other working parts are supported.

1014. The Bean-Sowing Drill or Bean-Barrow.—This is one of the simplest

in its construction of that class of machines which are employed for depositing

the various kinds of seeds in the soil in the drill system. The bean-drill

is made in a form resembling a wheelbarrow, and hence its name. Fig.

352 is a view in perspective of the machine in its most common form

;

Fig. 352.

TBI BIAM-OOWINO UMCW.

a a b c are a pair of stilts worked to a particular curve, that, when joined

to form the bed-frame of the barrow, has the portion from b to c parallel,

and about 6 inches wide over all ; while the parts from b to a spread out to a
width of 2 feet, forming the handles of the barrow. The body parts b c are 2£
inches in depth and If inch in thickness, and are bolted together upon two
blocks of 2£ inches in thickness, leaving the portion from c to d open for the

reception of the wheel e, and a small space is likewise left open in the body for

the reception of the seed-cylinder, which is about 3 inches diameter and 2^
inches in length. A small axle passes through the bed-frame and tho cylinder,

and this axle carries a small chain-wheel/. The principal wheel «, which is of

very light construction and 18 inches diameter, carries also a chain-wheel ^upon
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its axle, of the same diameter as/, and the pitch-chain/ g is stretched over the
two wheels, by which means the progressive motion of the machine on the
wheel e gives motion to the seed-cylinder on the axle of/. A seed-chest bdhi
is raised upon the bed-frame; it is 12 inches long at bottom, and 24 inches at

top, and the depth 12 inches—the width over all at bottom being 6 inches, and
at top 10 inches. The chest is sometimes covered with a jointed lid, but this

is not essential. A Bpout k, formed of sheet-iron, is attached below to the bed-
frame, for the purpose of directing the seed to the furrow in which the machine
is moving, and the legs Hare attached to the handles to prevent the latter from
falling to the groundwhen the barrow is stopped. The pincliing-screwm is applied
to the purpose of adjusting a slider placed within the chest, for the more correct

graduation of the discharge ; and the slider is for this purpose armed with a toll

or brush of bristles that comes in contact with the seed-cylinder. The entire

fabric is generally of very slender and light construction.

1015. Fig. 353 is a longitudinal section of the barrow, on a scale of 1 ii

ctiom or Tin ii'Tvnn of tin m>k «owi«ti> BAXttow,

the foot, a a is the bed-frame,

broken off at both ends ; b is the

seed-cylinder, occasionally made

of brass, but generally of hard

wood, which is grooved longi-

tudinally, to receive and carry

down the regular discharge of

seed. The front and back c c of

the chest are passed down be-

tween the stiles of the bed-frame

at d d
y
which secures the chest

to the frame ; and c is the lid

or cover of the chest. The slider

f is mounted with the brush at 6, its lower end, which, by being made to ap-

proach to or recede from the cylinder, diminishes or increases the quantity of

discharge ; and it is held in any required position by the pinching-screw g,

which has freedom to move with the slider in the slit i. The spout A is here

shown also as broken off.

1016. Besides the method here exhibited, of driving the seed-cylinder by means
of a pitch-chain (1014), there are other modes of effecting the same purpose.

One of these is by attaching short cranks to each end of the axles of the prin-

cipal wheel and the seed-cylinder, the pair on each axle standing at right angles

to each other ; and a light connecting-rod passes from the one to the other on

each side of the machine. This forms a very perfect communication of the

motion from the principal to the minor axle, and is very certain in its operation,

but it is more expensive than the pitch-chain.

1017. The same is also effected by employing two pairs of small mitre-

wheels ; but it is equally expensive as the cranks and connecting-rods.

1018. Common chain may also be adopted, along with acutely - grooved

pulleys ; but the action of this is less certain than either the cranks or mitre-

wheels.

1019. In using the bean-barrow, a man wheels it before him along the

bottom of the drills, or that of the common furrow after the plough.

1020. The Plough Bean-sowing Drill.—An apparatus for sowing beans in rows

on the surface is sometimes employed, attached to one of the ploughs when

giving the seed-farrow. It consists of a seed-cylinder, placed in a small case

or frame, having an axle passing through the case, which last is surmounted

by a small hopper to contain the seed. This apparatus is attached to the
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plough immediately behind and within the line of the mould-board, having a

conductor, or spout, from the seed-cylinder to the bottom of the furrow, to con-

duct the seed to its bed. The motion of the seed-cylinder for the delivery of

the seed, is produced in two different ways. First, the axle of the cylinder

may be extended from the case to the land-side handle of the plough, or tail of

the beam, where it will have a bearing in which it turns round. Upon this

extension of the axle, a light iron loop or sheers is loosely fitted, about 2 feet

in length, and in the sheers is placed an iron wheel of 18 inches diameter,

whose axle is borne at both ends by the sheers. A grooved pulley is fixed

upon the end of this axle, and a corresponding pulley upon the prolongation

of the axle of the seed-cylinder, while a chain or ban<ji encircles the two
pulleys. The iron wheel, which is so placed as to run in the bottom of the

furrow, will thus, when the plough is in motion, be made to revolve by its

contact with the ground, and, through the pulleys and chain, will also cause the

seed - cylinder to revolve and discharge the seed as the plough advances

;

and this will continue as long as the iron wheel remains in contact with the

ground. In order to produce a cessation of the sowing process when required,

a cord is attached to the hind extremity of the sheers, and is passed backward
between the handles of the plough till it comes within reach of the ploughman,
who, by pulling the cord, and hooking it upon a stud provided for that pur-

pose, raises the iron wheel from the ground, and thus stops further motion
of the seed-cylinder, and consequently the sowing process. When the plough
has again reached the third furrow from the last sown, the ploughman relaxes

the cord, when the wheel again settles down upon the ground, and the sowing
process proceeds as before.

1021 . The other method of giving motion to the seed-cylinder is accomplished

by giving the extension of its axle a universal joint, and continuing the exten-

sion a few inches to landward of the land-side of the plough, but without a bearing

upon it. Upon this extremity of the extended axle the iron wheel is placed,

which in this case will be required of larger diameter, so that the axle may run
clear of the tail of the plough-beam. By this arrangement the wheel will run
upon the unbroken land. It will also require a stay of rope, or of light iron-rod

extending from a collar upon the axle, forward to an eye-bolt attached to the

side of the beam, near the coulter-box. From the collar on the axle also a cord

extends backward to the hand of the ploughman, whereby he has the same com-
mand over the wheel in this position for setting on and off the sowing process,

as before described in par. 1020—the universal joint in the shaft serving, in the

present case, the same purpose as the sheers in the other.

1022. This machine is not suited to sow beans in raised-up drills.

1023. Kemp, Murray, and Nicholson's Three-Row Bean-sowing Drill.—This
implement is for sowing three rows of beans at one time in the hollows of the

drills, which are afterwards covered by splitting the drills with the plough in

the usual way. It can sow from 12 to 14 acres imperial in ten hours, according
to the number of turnings at the land's ends.

1024. Fig. 354 is a perspective view of the machine
;

fig. 355 a back view,

showing the apparatus for regulating the delivery of the seed ; and fig. 356 a
cross section. The same letters refer to all the figures. The body consists of
a hardwood framework, formed by two T-shaped ends, connected at top by two
rails a a, and at bottom by a sole-plank 6, to which the uprights are attached
by iron straps, with screws and nuts underneath. Between the upright end-
pieces and the sole-plank two short bars c are introduced, and project about 12
inches behind the sole-plank to support the rail d, into which they are mortised,
and which completes the skeleton of the machine.
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1025. On the inside of the end parts of the frame triangular boards are fixed

to form the ends of the seed-chests, and to these as well as to the upper rails are

near. MokKtT. isb MicaoLaoH's umi iow aiui.Kwiit »»tt.r. i« nmmM
fixed the back and front boards. The cover of the seed-chest is fixed in checks
formed on the two rails a a, a portion being hinged to form a door e, for access
to the interior. The axle which carries the supporting-wheels m m, and also the

l-'u 3M. Fig. 356.
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seed-wheels, runs in bushes sunk into the bottom of the upright end-bars, and
passes through from end to end of the seed-chest, its centre being about 3 incheH

above the sole-plank, which forms the bottom of the chest. There are three

delivery-wheels n of cast-iron on the axle, each 4£ inches diameter, and l£ inch

thick, with ten semicircular notches formed in the rim, one wheel being in the

centre of the axle, and the others at a distance of 1 foot 7 inches on each side.

Between these delivery-wheels two divisions r are placed, about half the depth of

the seed-chest, to divide the lower part into three separate portions, and thereby

prevent the seed collecting at one end. One of the supporting-wheels is fixed

in the axle to carry it round and work the seed-wheels, the other running loose

to allow the machine to turn readily. The seed is delivered through holes in

the back of the seed-chest, and falls into small hoppers o formed in the sole-plank,

whence it passes into sheet-iron spouts /, supported at top by cast-iron necks

attached to the under-side of the sole-plank, and near the bottom by wrought-

iron suspenders p attached to the back-rail d. The support for the middle spout

' "on
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is fixed, but those for the side ones are movable, to allow the spouts to be set

out or in to suit different widths of drills. When the spout is adjusted, the

bolt on which the suspender is jointed is screwed tight, and fixes the spout

in the required position. A pair of light horse-shafts /, with the usual mount-
ings, are bolted on the top of the rails a a.

1026. The principal novelty introduced by Messrs Kemp, Murray, and Nichol-

son, consists in the method of opening and shutting the holes in the Beed-chest

for the delivery of the seed, and which they are applying to broadcast and other

sowing machines that have hitherto been fitted with a plate sliding endways over

fixed holes in the seed-chest, this sliding-plate being furnished with holes corre-

sponding to the others. (See t>, fig. 1, Plate XIII.) The disadvantage of this old

method consists in the opening not being always opposite the centre of the seed-

wheel ; for if central when full open, it must be half its diameter to one side when
nearly shut, which cannot but affect the regular delivery of the seed. By the

new method the opening, of 1 inch diameter, is made opposite the centre of the

seed-wheel, and, as usual, protected by a plate of sheet-iron on the outside of

the seed-chest, the wood being cut away on the inside to allow the wheel to

oome near the hole in the plate. On the outside of this plate, another plate g,
9 inches long and 2 inches broad, is made to slide vertically, and fixed to the

seed-chest by a pinching-screw. Wrhen in its lowest position, a hole formed in

it corresponds with that in the first plate, but when drawn up this hole is

covered, and thus one or other of the holes may be kept from delivering seed

while the others are in action. In front of these sliding-plates is a strip of

hoop-iron A, 1^ inch broad, and nearly the whole length of the seed-chest ; it

is supported by staples of hoop-iron attached to the chest, two to each seed-

hole, and of sufficient length to allow the plate to be slidden up or down, so as

to completely expose or cover the seed-holes, which are thus increased or

diminished in the vertical in place of the horizontal direction, as usually prac-

tised. The long plate h is jointed to the seed-chest by two links of hoop-

iron i, 3^ inches in length between centres
;
they are nearly vertical when the

plate is in its lowest position, and inclined when it is raised, the links acting

like the connections of the common parallel ruler, keeping the plate always
horizontal, and consequently opening the different holes equally and simul-

taneously. Motion is given to the plate by a lever k, jointed to it and to the

seed-chest ; the upper part of this lever works within a fixed quadrant r, carry-

ing an adjustable stud, by which the motion of the lever can be stopped at any
definite point, and the holes opened to the proper width.

1027. The dimensions of the principal parts are as follow :—The sole-plank b

is 4 feet 4 inches long, 8 inches broad, and 2 inches thick, and the small

hoppers o formed in it are 3 inches square at top
;
they are Bimply notches 3

inches deep cut in the back edge of the plank, the edge being bevelled so that

the application of a strap of wood all the way along forms the fourth side of

the hoppers ; this piece of wood, which is about 1 inch thick, projects 2 inches

above the main plank, to prevent the spilling of the seed in case it should by
any accident miss the hopper. The depth of the seed-chest s from the sole-plank b
to the top of the framing a is 1 foot 1 1 inches, the length over the framing 4 feet

4 inches, and the width over the two top rails 2 feet 6^ inches. These rails are

3 inches broad and 2 inches deep ; the two end rails into which they are

mortised, and which form the heads of the T-frames, are 3 inches square. The
upright bars are 4^ inches by 2 inches, flush with the beads outside, to leave

room in the inside for the end boards of the seed-chest. These ends are 1 inch
thick, and fill up the whole width within the top rails, diminishing at bottom to

3 inches in width. The sides are also made of 1-inch deal, nailed to the ends
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and the under-side of the top rails. The cover is f inch thick, nailed down in

checks formed in the top rails, and having a hinged door c 2 feet long by 1 foot

4 inches broad in the centre of its length, and close to the hinder raiL The

lower rail d
}
which supports the hangers of the spouts, is 2£ inches square, and

4 feet 7 inches long. The supporting-wheels m are 3 feet 9 inches diameter, and

1J inch broad in the tire, the width between the centres of the tires being 5

feet. The axle is l£ inch in diameter, slightly swelled for the seed-wheels.

The seed-spoutsf are of sheet-iron,
1
J inch diameter at top and \\ inch at

bottom, riveted lightly to the cast-iron neck-pieces at top, and reaching to

within about 6 inches from the ground.

1028. The price of this three-row bean-sowing drill is £6, 10s.

1029. The Drop Sowing-Drill or Dibbling Machine.—Sowing seed and manure

together, not continuously, but in small deposits, has been the object of numerous

and varied experiments. The propriety of tins mode, and the advantages to be

derived from its achievement, seems yet doubtful ; but the accomplishment of the

mechanical part of the operation is now tolerably well performed by machines

of various makers. In the earlier forms of the drop-drill they were found to

perform tolerably well when moving at a slow rate, but failed when impelled at

the usual rate of sowing. This defect seems to have arisen from the peculiar

form of the manure-depositor, which, in these machines, was usually a short

cylinder chambered in the periphery, and half encircled by a metal cover,

whereby the manure was allowed to drop from the chambers as these came suc-

cessively from under the cover.

1030. One of the first successful machines of this kind is believed to have

been that patented by Mr William Grounsell, Louth, Lincolnshire, in 1838;

and soon after they were brought to an equal degree of perfection in Scot-

land by Mr Sidey, Pitcairn Green, Perth, who still holds by the chambered

cylinder, but more correctly encased, so as to drop distinctly with a moderate

speed.

1031. The price of Mr Sidey's single machine is about j£6 ; if extended to

two rows, the price would not exceed £10.

1032. Smith's Drop-Drill.—The latest improvement that has yet appeared in

Scotland of the drop-drill has been effected by Messrs Smith, St Ninians, near

Stirling, who, adopting a combination of the best parts of previous machines, have

produced one that seems more likely to attain the desired object than any of its

predecessors. In this a metal trunk is introduced for receiving the manure from

the ordinary distributing-wheel, and being provided with a valve capable of being

opened and shut at certain intervals, the manure is retarded in its descent within

the trunk by means of the valve, until the requisite quantity is collected, when

the valve, being suddenly opened, makes the deposit, and is again shut. It is a

single-row drill, is drawn by one horse, and costs £6.

1033. There are apparently some advantages derived from this successive

mode of deposit of the manure and seed, especially with those manures that

are considered the most active, such as bones, guano ; for here the manure is

laid in the rut, the earth of which partially falls in and mixes with it, thereby

reducing its intensity ; and the seed is dropped upon the mixture instead of

falling directly amongst the pure matter, as is generally the case with machines

that sow both seed and manure continuously. It is said that a more speedy and

vigorous vegetation is produced by this than by the continuous mode of sowing

;

but it may yet be deserving of observation, whether the more speedy develop-

ment of the young plant does not arise from the circumstance of the seed, under

this mode of treatment, being deposited nearer to the surface of the soil than it i*
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put in immediately behind a coulter ; and viewing the subject in this light,

it may suggest the question, Whether deep-sowing alone may not be the cause of

the protracted vegetation so often and so seriously experienced in the turnip

crop ? This subject, as regards the turnip crop alone, appears to us deserving

of careful experiment not yet undertaken, and, if determined in the affirmative,

much disappointment and loss may be prevented by adopting due precautions

to insure sowing at a proper depth.

1034. Chandler's Drop Sowing-DrilL—Of the drop-drills recently introduced

we select that of Chandler's, manufactured by Messrs Reeves of Bratton, West-

bury, Wilts. It is shown attached to the lower part of the liquid-manure drill

in Plate XVIII. Instead of a coulter which cuts the furrow, a " press-wheel

"

a a, fig. 1, Plate XVIII., is substituted ; this works in a lever b 6, weighted at one

extremity by weights e, and jointed at the other to a mortise-bar b', A cylinder

of cast-iron revolves in the seed-box d ; in the periphery of this cylinder tri-

angular recesses are cut, into which the seed is deposited as the cylinder

revolves. As each recess passes into the open space of the lower aperture

of the seed-depositor, the seed contained in it is released, and drops into the

farrow made by the press-wheel a a. To the end of the cylinder-shaft a

pinion e e is keyed ; this engages with a spur-wheel /, which again takes into

the teeth of a pinion <jr, keyed in the shaft of the press-wheel a a. Motion is

thus imparted from the press-wheel a a to the seed-cylinder in d.

1035. Chambers's Water Drop-Drill—We now give a side elevation ofthe "water

drop -drill" of Mr ng.wr.

Thomas Chambers of

Fakenham, and which
has been successfully

brought into practice.

It is applicable to any \

water or liquid man- «y~

ure-drilL In fig. 357 ^
a a is part of a mor-

tise-bar carrying the

wheel b 6, which runs

in the furrow made by
the coulter h which

precedes it, and which

is fixed in the bar a a.

The axle of the wheel

b b carries a hollow ro-

tating chamber, from

the periphery of which four arms or spouts, c d e f}
extend. A cap or

chamber g g conducts the liquid manure and seed from the manure and seed

compartment of the drill to which it is attached— as by the funnels r r,

fig. 1 and 2, Plate XVIII.—to the interior of the chamber rotating on the axis of

the wheel b 6, fig. 357. As the drill progresses, it drags after it the bar a a

and wheel b b, causing the ohamber to rotate on its axis ; and as each delivery-

spout, c d e f, comes in contact with the soil, it discharges the seed and

manure. If the size of the wheel b b remained invariable, the distance

between the deposits of seed and manure would also bo invariable. To give

a capability of varying this distance, the wheel b b is made in segments, and

the arms slotted and provided with bolts and nuts, as shown at h h. By
sliding in and out the arms carrying the segments, and fixing them at any
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point of adjustment desired, by means of the bolts and nuts, the diameter of

the wheel b b may be
diminished or enlarged,

and the distance between
the points of the spouts,

c d e /, correspondingly

adjusted.

1036. In fig. 358 we
give a plan of the appa-

ratus ; a a the mortise-

bar, b b the wheel, c c

the hollow chamber, to

which the seed and man-
ure are supplied by the

cap d.

1037. Messrs Reeve
have informed us that they have adopted the form in fig. 358 of the water drop-

drill, giving up the use of that described in fig. 357.

1038. The Depositor-Dibble or Grain-Planter.— This implement, known as

" Sigma's," and manufactured by Mr Charles Powell, Ticehurst, near Hurstgrove,

Sussex, from its simple and ingenious arrangement, we shall notice .here. In fig.

359 wo give a front view, and in fig. 360 a transverse vertical section. The trough

or seed-box a a a, fig. 360, is angular in form. In front of this, five perpendicular

holes or vertical chambers, as b, are placed
;
communicating with these vertical

rEiorr rtxvr or " •win e j 1 INCH TO TUB FOOT H.AMBTIRBI VlHTtOAL BICIIOH '

" atOMl'S MRBLI "-

} or »vll fli

chambers 6, apertures or channels c run obliquely up to the bottom of the seed-

chamber a. Stretching from end to end of the seed-box, a flat bar d d
y
fig. 359, is

placed, the ends of tliis passing out through apertures in the ends ofthe seed-cham-

ber a a, and its flat side lying in close contact with the floor or bottom ofthe chamber.

On the supposition that this flat bar was solid from end to end, it would com-

pletely cover the holes in the floor of the seed-chamber, and stop all communi-
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cation with the oblique channels c leading to the vertical chambers b, fig. 360.

But in the bar d rf, fig. 359, apertures corresponding in diameter to that of the

chamber c are bored at intervals equal to those of the vertical chambers 6,

fig1

. 360. When the solid parts of the flat bar d e?, fig. 359, are opposite the

apertures of the oblique channels c, communication is closed, but on moving the

flat bar laterally till the holes in it coincide with the apertures of the oblique

channels, the communication is made between the seed-chamber a and the

vertical chambers b. In these vertical chambers five steel dibbles figs.

359 and 360, move up and down, these being fixed to the cross-bar

/

f, running
parallel with the top of the seed-box. This cross-bar

/

f has two standards g gy

supporting at its upper extremity the handle h h. By lifting up and depressing

the handle h k, the cross-bar // and dibbles e e e are alternately moved up
and down in the vertical chambers b. Tho amount of rise and fall or play of

the dibbles e e e in the vertical chambers is such, that when the handle h h is

pulled up to its full extent, the lower end of tho dibbles is clear of tho lower

apertures of the oblique channels c.

1039. It remains only for us to describe how the flat bar d d
y
fig. 359, is moved

laterally, so as to open the holes c in the bottom of the seed-box simultaneously

with the rise of the dibbles e e in the vertical chambers b. Near the centre of the

seed-box, and on a stud fixed on its side, a curved lever / k, fig. 359, vibrates.

The long curved arm » of this lover passes through a slot I in the bar

/

f, which
carries the dibbles e e e, tho slot being long enough to admit of the lateral

movement of the ann /. In the slot two circular studs in in are fixed, the end i

of the lever i k passing between them. If the long arm i was straight, it

would work up and down between the studs without any movement on the bar

ff being raised and depressed, but as it is curved, the studs m m follow the

line of curve, tending to push the arm i laterally ; and as i vibrates on a centre,

the other or lower arm k has a corresponding lateral movement, but in tho con-

trary direction. The extremity of the lower arm k rests on a lateral slot made
in the flat bar d, so that when the arm 1c moves from side to side, it moves also

the flat bar d d. Brushes n n are placed so as to brush the upper side of the

bar d d, thus tending to keep tho aperture free from all adhering matter. The
handle by which tho apparatus is lifted is connected with the seed-box, the

two standards o o supporting the cross-handle p p. In fig. 360 r is a step

or foot-plate for depressing the apparatus into tho earth.

1040. The price of a five-row apparatus, to deposit five grains in each hole,

is £3, 3s.

1041. Liquid and Solid Manure Distributors.—We now come to describe useful

forms of liquid-manure drills and carts, and solid-manure distributors.

1042. Chandler's Liquid-Manure Drill.—In Plate XVIII. we give two views

of a well-known form of liquid-manure drill, the invention of Mr Chandler,

and wliich is manufactured by Messrs Roeves of Bratton, Westbury, Wilts.

Fig. 1 is a side, and fig. 2 an end elevation, both drawn to a scale as given in

the Plate. In fig. 361 we give a perspective view of tho drill as used without

the drop apparatus figured in the Plato ; and in fig. 362 we give on a larger

scale, 1 inch to the foot, a front section of the upper part of fig. 1, Plato

XVIII., showing tho buckets for lifting the liquid manure into the delivery-tins.

1043. In figs. 1 and 2, Plate XVIII., h h are tho driving-wheels, 4 leet in

diameter, i i tho frame, 3 inches by 2^, supporting the manure-box J and seed-

box i, and the working gearing. The total depth of manure-box j is 2 feet 7

inches, its length 2 feet 5 inches, and its greatest breadth 2 feet 8 inches.

On the axle of the driving-wheels h h, a spur-wheel /, 12£ inches diameter, is

u
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keyed, engaging with a spur-wheel mm, 12 inches diameter. This is keyed

on the shaft of the bucket-barrel a a a, tig. 362. The spur-wheel m m, fig. 1,

1

rsnanurivB via* or chamulch'* luciu-kakum mill..

Plate XVIII., engages with an intermediate wheel n n, 15 inches diameter,

this engaging with the wheel o o, 10 inches diameter. This wheel o o is keyed on,

and gives motion to the
v lfev8C2- shaft of the seed - cup

barrel b, fig. 362. The

seed is delivered to the

delivery-cans g g, fig.

2, Plate XVIII. The

liquid manure passes

down the tubes q q,

q q, and the united seed

and liquid pass finally

to the drop apparatus d,

fig. 1, through the de-

livery-tins r.

1044. The coulter-lev-

ers, as b b, fig. 1, are

lifted up by the chain

s s passing over the

chain-barrel * /, 4 inches diameter and 3 feet 6 inches long. The barrel is worked

by the cross « w, which is fixed to the Bhaft. The manure and seed-box are ad-

justed on going up or down hill by the lever c, keyed on the shaft or spindle dd,

fig. 362, to the extremity of which a worm-screw e is attached, this engaging

with the worm-wheel /, the teeth of which take into the rack of the lever g.

In fig. 1, Plate XVIII., t? is the lever ; w the shaft; x the box containing the

worm-wheel and screw e,f;y the lever of the rack g}
of fig. 362.

1045. In fig. 362, a a is the bucket-barrel, 1 foot 10^ inches in diameter, the shaft

of which revolves in the bearings as shown. Buckets 3^ inches long, and 2| inches

deep, are attached by bolts and screws to the barrel or cylinder a a. The spur-

wheel m m, fig. 1, Plate XVIII.. is keyed on to the shaft of the barrel a, fig.

362, and as it revolves amidst the liquid manure which fiUs the manure-box

h h, the buckets t t deliver it to the Bpout j, from which it passes off to the

HECTIC* C I **KU 1HJJ HiN' Kt I HAMHA It Of OH AS) tH.B»» lA^VIU-MAXOM DKUX
cai.k. 1 iNc ii to tui roor
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delivery-pipe k, and finally to the delivery-tins r r
t
r r, fig. 2, Plate XVIII.

When the liquid manure is not wished to be passed to the spout and pipe

k, fig. 362, and delivery-tins r r, the spout j is lifted up—being jointed at o—
by the liok ro, the upper end of which has a rack which is worked by the wheel I

{-- in fig. 1, Plate XVIII.) This wheel /, fig. 362, is keyed on to the shaft, 1 1,

fig. 2, Plate XVIII., worked by the hand-lever 2.

1046. The price of Chandler's liquid-manure and drop drill varies from £22
to £28.

1047. The Water-CarL—The cart has been very long in use for the conveyance
of water, when the supply of that necessary element for household use has been
distant from the steading ; and the liquid-manure cart is its offspring, modified

by certain additions, to adapt it to this change of purpose. The water-cart is

usually the naked bed-frame of a cart, mounted on wheels, and surmounted with
a cask of a capacity suited to the demands of the establishment. The cask is

furnished with a funnel, inserted in or attached immediately over the bung-hole;

and it is likewise furnished with a spigot, or with a stop-cock, inserted into

that end of the cask which hangs over the back of the cart. When the water-

cart has been drawn to the fountain or the pond, from which water is to be con-

veyed, it is filled either by means of a common pump, raised so liigh as to

deliver the water which it lift* into the funnel of the cask, or the water is lifted

with the hand by means of a scoop, having a helve of sufficient length to enable

the workman to reach the pond on the one hand and the funnel on the other.

1048. The Liquid-Manure Cart.—This, as most commonly used, differs very little

. from the water-cart, except in its being provided with the distributing apparatus

in place of the spigot; but in large establishments the cask is superseded

by a covered rectangular cistern or tank, which takes the place of a common cart-

body.

1049. The watering of public streets and highways has induced the necessity

of the rectangular tank for the distribution of water over the surface of roads,

because of the ease with which, by this construction, a greater quantity of water
can be put upon one pair of wheels. Here the quantity of water to a given
surface is much greater than in the case of a liquid manure, and hence the

propriety of a capacious tank for the distribution of water on streets, while the

same principle (economy in the expense) leads to the propriety of employing a
smaller and less expensive vessel for the distribution of liquid manure, which
will not in general be superabundant.

1050. For a liquid-manure cart, a cask of 120 or 140 gallons contents will

be found more economical in first cost than a rectangular tank ; and as these

machines can be only occasionally in operation, they will, if not very carefully

attended to, become leaky while standing unoocupied. In this respect the cask

will have a manifest advantage over the tank, for the tightening of a cask is an
operation the most simple, by the act of driving up the hoops

;
while, in the

case of the tank becoming leaky, no means of that kind can be resorted to, and
the alternative is, either soaking it in water till tho wood has imbibed as much
of the fluid as will expand its substance and close the leaks, or the vessel must
be tightened by some more expensive process. As the more economical of tho

two, therefore, in point of expense, wo have chosen the cask-mounted cart for the

illustration.

1051. Fig. 363 is a representation in perspective of this cart, of the

simplest and most convenient construction. For the more easy means of filling

the cask, it is suspended between the shafts of the cart, and this position

requires the bending of the axle to nearly a semicircle. The cart is a mere
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skeleton, consisting of the shafts a «, which for this purpose may be made of rod

pine, their length being about 14 feet. They are connected by a fore and liind

bar, placed at such distance as will just admit the length of the cask, wliilo the

width Ixrtween the shafts is suited to the diameter of it. The axle, as already

noticed, is bent downward to nearly a semicircle, to receive the cask, and its

length will, of course, bo greater than the common cart-axle ; even the distance .

between the caddy-bolts, in a straight line, will be usually greater, but this will

depend on the diameter of the cask. A pair of common broad cart-wheels b b

aro fitted to the axle. The cask c is suspended on two straps of hoop-iron, 2

inches broad, the ends of which are bolted to the shafts, ami the same l>olt« pass

also through the ends of two lighter straps which pass over, and secure the cask

firmly in its place. The funnel or hopper d is usually fixed upon the top ofthe cask

over the bung-hole, or it may be inserted therein by means of an attached pipe.

1052. The distributor e may be made of sheet-copper, of cast-iron or malleable

iron, or even of wood ; the copper will be found the most durable, and it should

be at least ^ of an inch in thickness. The next best is the patent malleable-

iron tube
;

cast-iron, though sometimes used, is not to be recommended, neither

is wood desirable, from its liability to ehoke. The bore of the distributor should

bo not less than 2 inches, nor is it required to exceed 2£ inches, the length from

7 to 7^ feet, and slightly bent with a uniform curvature, which last property

causes it to cover a wider surface of ground than it would do if straight. But
in giving the distributor its curvature, care must Ik? taken to avoid increasing the

curvature towards the ends, as is sometimes done, to the prevention of uniform

distribution of the manure. The ends of the tube must be closed with movable
covers, screwed or otherwise fixed, that they may be removed at pleasure, for

the purpose of sponging out the tube when it happens to get clogged up with any
solid matter. A lino of perforations is made along the hinder side of the tube

for the discharge of the fluid : these should be at the distance of 1 inch apart,

and their opening about ^ inch diameter. As the area of these discharging

orifices cannot be altered at pleasure, nor their amount of discharge altered for

any given time, it becomes necessary', in distributing any given quantity per

acre, to regulate that quantity by increasing or diminisliing the rate of travelling

the cart over the ground. The distributor is attached to the cask by means of

a stem/ of the same materials and bore as the main tul>e, and it enters the cud
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of the cask close to the lower chime. A stop-cock is frequently put upon the

stem / to regulate the discharge, and for this purpose it is very' beneficial,

serving in a great measure to regulate the quantity per aero; but for the entire

setting off or on of the supply, the stem /
opens into a small chamber inside tho cask,

which chamber is closed by a flap-valve

heavily loaded. This valve when closed stops

the discharge, and when lifted the fluid has a

free passage to the distributor. The opening

of the valve is effected by a small chain at-

tached to the flap, rising to the top of the cask

at g, whero it passes over a small roller, and

onward to the fore part of the cart on the

nigh side, where it hangs at hand for the

carter to set off or on at pleasure.

1053. Fig. 3C4 is a section of part of the

cask, and allowing the chamber and valve
;
/ is

again the stem of tho distributor, h a stop-

cock, i the chamber, and k the valve, which

is tho common leather flap or olack-valvo

well loaded with lead; c c is part of the cask, I the chain attached to the valve

and passing over tho roller m.

1054. When the liquid-manure cart is furnished with a tank, tho latter can,

with equal facility, be placed low for tho convenience of filling ; thus tho axle

may be cranked, as in the Liverpool dray-cart, the tank resting on the cranked

part of the axle ; or tho axlo may remain straight, and the tank appended below

the axle. Such a tank may be conveniently built to contain a ton of the liquid,

or about 220 gallons ; and the distributing apparatus is the same as for the cask.

1055. Tho price of these liquid-manure carts varies considerably, partly from

construction, and partly from locality. Mr CroBskill, of Beverley, quotes £25
as the price of the tank-cart. In Scotland the average price may be stated

at £18, and when mounted with a cask, £15 ; these prices, of course, including

wheels and axle.

1056. James's Liquid-Manure Cart.—In fig. 3G5 we illustrate a liquid-

manure cart wliich en- n*. *«.

joys a high reputa- ,i i ,..._.^ .m- ^..^.a
'

tion in England. It

is invented and manu-
factured by Mr Isaac

James, of Tivoli Iron

Works, Cheltenham.
g

In this form of liquid-

manure cart the prin-

cipal peculiarity is the

adoption of two strain-

ers at a, through which

the liquid is passed be-

fore it enters the body of the cart, arresting all extraneous matter tending to

choke up the holes in the distributing-box 6 b. The liquid is discharged from

the body of tho tank a to the distributing-box through a conical valve fitted

to the lower extremity of the rod c, and which is actuated by tho lover handle d.

All the joints are waterproof.
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1057. Price of James's liquid-manure cart, to hold 250 gallons, to be worked

by horse, is £24—the weight of cart when empty being 8 cwt., when full, 29 cwt
The price of a cart to be worked by a boy, holding 10 gallons, and weighing

when empty 2 cwt., and when full 6 cwt., is £10.

1058. Solid Manure Distributors.—The experience of every succeeding day

tends to show the extension of the application of granulated manures to the

soil ; and the powerful influence of some of them, coupled with the high price

of the article, renders the necessity of a uniform and sparing distribution

of them imperative. Machines being better adapted to the performance of a

uniform distribution than a number of individual hands, and as they can like-

wise be adjusted to deposit either a larger or smaller quantity with uniformity,

the demand for such machines must increase with the extending application

of the manures.

1059. It is found, however, that any one form of machine is not fitted to

deposit all the varieties of such manures, and that to some extent each kind has

required its own peculiar construction of the distributing parts of the machine.

The late introduction of guano has increased this difficulty.; for in the more early

application of it, the article was purchased always in a very damp state, and

care was taken to iinpross on the mind of the purchaser that a state of natural

dampness was requisite to retain the virtues of the manure until it was put into

the soil. This circumstance caused much trouble to those who attempted to

distribute the manure with machines, for by reason of its dampness, aided by

the action of the revolving parts of the machines, the guano was converted into

a paste, and the machine ceased to perform its wonted duties. But it soon

became evident that the dampness so much recommended by the vendor was

only the effect of a liberal administration of water applied by him to increase

the weight of the article, and the amount of his own profits ; and this detection

once made, we now see the article publicly recommended for its dryness. The

previous state had, in the mean time, called forth a degree of attention to the

means of distributing that and other roughly granulated substances through the

machine usually employed, and this has extended our knowledge in this depart-

ment of agricultural machine-making
1060. The results of these inquiries and experiments have been to produce a

conviction, that the simple principle of distribution so successfully employed

in the broadcast and grain drill sowing-machines, Plates XIII. and XIV., may,

with very slight modification, adapted to the particular object, bo rendered

available for almost all granulated manures, more especially now that the

important article of guano will generally be procurable in a dry state, which

hitherto has been the most difficult to accomplish.

1061. Soot, as a manure, has presented the same difficulty in its distribu-

tion from the ordinary machines
; and as an example for both of these articles,

it may be Btated that a machine, such as seen in Plate XVI., fig. 1, winch

is adapted for bone-dust, will neither deliver guano nor soot in a regular

manner. Hence, also, the following machine, constructed for the distribution

of soot as a top-dressing, has been greatly improved by the application to it

of the principle of the broadcast sowing-macliine.

1062. Mains Soot-Sowing Machine.—From the limited supply of soot which it

operates upon, this machine can never bo ranked amongst the most important

class of machines on the farm
;

still, owing to the powerful effect of the manure

itself, its duo distribution is of importance, and, from its extreme lightness, it

cannot, without disadvantage, be sown by the hand. Tho machine here described
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was tho production of Mr Main, factor to the Earl of Dalhousie.* Fig. 366 is n

view in perspective, the horse-shafts being broken off; and fig. 367 a trans

-

verse section, with the shafts also broken off, the letters of reference applying
to corresponding parts in the two figures. The machine consists of a bed-frame
a a, to which the horse-shafts b b are attached, and is mounted on a pair of low
wheels c c. of 22

inches diameter,
Fl(t. M7.

fixed upon, and
turning with, the

axle, around which
there is built a
wooden cylinder

d, about 6 inches

diameter and 6

feet in length, flut-

ed longitudinally.

A chest e, 6 feet

in length, is ap-

pended to the

body - frame, and
descends bo far as

to halfembrace the
cylinder d, and is

surmounted by a
semi - cylindrical

cover, which is left

out in fig. 366, but
is seen in section it, fig. 367. In the interior of the chest there is placed a

cylinder of sheet-iron /, 22 inches in diameter, perforated all over with holes of

\ inch diameter, and as much apart, giving to it the character of a riddle.

The cylinder is closed at both ends, and has a trap-door on one side, as seen

in fig. 366, hinged, and secured at each end with hook and eye. An axle of

iron passes quite through the cylinder, having journals that rest in two jointed

bars gg,g; and on one end of the axle, produced beyond tho bar g g, is mounted a

wheel A, of 18 inches diameter. The axle of the carriage-wheels c carries also

a wheel m 9 inches diameter, and the two are connected by means of the

* Prize Ettayt of the Highland and Agricultural Society, ToL xii. p. 535.
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intermediate wheel /, thus producing motion in the perforated cylinder, as well

as in tho fluted one that is carried by the axle. The purpose of the perfo-

rated cylinder into which tho soot is first delivered, is to separate stones or

other hard substances that may 1k> mixed with it ; that of the fluted cylinder

being the distribution of it from the macliine ; and the liinged cover prevents it

flying off during the agitation by the first cylinder.

1063. The operations of the soot-macliine are effected thus :—A charge of

soot is put into the cylinder, the chest closed, and the machine put in motion.

By the revolution of the upper cylinders, the soot is separated from the stones

and refuse with which it is always mixed, and so passes into the lower part of

the chest, from whence, by the revolution of the fluted cylinder, regulated by

a brush / extending the whole length of the cylinder, it is distributed in an

equal manner upon the ground. When tho soot has been discharged from the

upper cylinder, the cylinder is raised from the chest by means of the knee-

jointed bars g g, and when so elevated, the trap-door is opened, and the stones

and other refuse discharged, preparatory to the next charge of soot.

10G4. The machine, constructed as above described, has been found liable to

the inconvenience l>eforo pointed out in par. 1061, but which has been effectually

rectified by the adoption of the broadcast distributing-wheels, in place of the

fluted roller ; the bottom of the chest is consequently closed, except the orifice

for each wheel, all the other parts of the machine remaining as they were ; or

by a proper adjustment, the intermediate wheel i is left out of the construction.

It is also to be observed, that the distributing orifices for the soot require to be

about 1^ inch diameter.

1065. Chambers's Broadcast Manure- Distributor.—A most efficient broadcast

manure-distributor, calculated to sow all kinds of manure, is that invented by

Mr Chambers of Fakenham, and manufactured by Messrs Garrett. Of this, in

Plate XIX., wo give fig. 1, a back or end, and fig. 2 a side elevation, and fig. 3

a transverse section of part of the machine on a larger scale
;

fig. 368 is a per-

spective view. The scale to which figs. 1 and 2 are drawn is ^ inch to the

foot
;
fig. 3 is a of the full size.

OKAMMkM'l MMMMMM UuiunM Immunol* is rKMPBCTITI

1066. The box a a, fig. 1, Plate XIX., 6 feet 6 inches long, containing the

manure, is carried by the wheels b 6, 3 feet 7 inches diameter. A nave-wheel

c, 12 inches diameter, engages with and gives motion to the spur-wheel d, of

same diameter. This is keyed on the shaft of the revolving manure-barrel e e.
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This is composed of short cylinders or pulleys, 5 inches in diameter, fixed on

the central shaft, with discs of tliin metal placed between them. These short

cylinders consist of a flat disc of metal, having a box or square hole in the

centre, through which is passed the central shaft. The periphery of each

cylinder a a, tig. 3, is furnished with projections b b. The cylinders, as they

revolve, are scraped clean by the extremities c, of the scrapers d
}
oscillating or

vibrating in the centre e. The pressure of the points c in the cylinders is

regulated by the weights /, these being placed nearer to or further from the

centre c, in the notches on the upper side of the lover d d. The assemblage

of weights is shown at ///in fig. 1.

1067. As the manure passes from tho manure-box—which is divided by parti-

tions gg, fig. 3, into four compartments, to equalise the delivery on hill-sides

—

it is subjected to the reciprocating stirrers gg}
fig. 1, and A, fig. 3. Motion is •

given to the shaft on which these stirrers are fixed through the medium of the

crank d, fig. 2, tho shaft of which receives motion from the bevel-wheels ^, fig. 1,

and c, fig. 2, c being keyed on the shaft of tho manure-barrel ee, fig. 1.

From the scrapers g g, fig. 1, the manure is then carried over the manure-cylin-

der e e [a a, fig. 3), where it is further subjected to tho action of the pro-

jections b 6, and the scrapers c, fig. 3. It falls from thence into the trough f,

fig. 2 (shown in dotted lines in fig. 1), and is sifted by the wire-rods ^, from

whence it is delivored evenly on the surface of the land.

1068. The quantity of manure delivered is regulated by the lever h k, and

spring f, fig. 2, which works the rack and pinion ij, fig. 3, the rack forming

part of the slide g. The wheel </, fig. 1, is thrown in and out of gear with tho

nave-wheel c, by means of tho lever fig. 2, and fig. 368. The position of

the manure-box e is adjusted by the winch-handle k (fig. 368), and face-wheels

acting on the rod mi, fig. 2.

1069. The price of Chambers's broadcast manure-distributor is £21*

1070. Section Sixth.—Manual Implements connected with the Cultivation of the

SoiL—This section comprehends all the manual implements—or perhaps it would

be better to term them the hand implements—employed on the farm in the cul-

tivation of the soil. They are appropriately named hand implements, because

they are used by the hands of the labourers to do the work these have to do with

thern in a direct manner and with individual skill
;
whereas, in rogard to machines

actuated by power, labourers have only to superintend, and it may be to guide

their operations. Those parts of machines moved by power, which are acted on

by the hand, might also perhaps be strictly called hand implements ; but there is

tibia distinction to be observed between the two cases, that the labourers have

no direct control over the work performed by such machines, nor can they show
their individual skill by their means. The hand implements comprehended in

this section co-operate with the machines described in the preceding five sections

on the cultivation of tho soil, and might therefore have been placed and described

in their respective sections. But it has been deemed most convenient to place

them by themselves in a separate section, in ordor to show then- number and

simplicity of form in the most obvious manner, rather than permit them to

interfere, by their presence, with the necessarily elaborate descriptions of- the

more complicated machines. The hand implements which follow, are given in

the order of the subjects contained in the preceding five sections.

1071. The Plough-Staff.—Fig. 369 represents tho plough-staff—a necessary

article of tho movable furniture of tho plough. It is in form of a small

• In paragraph 1087, for datrlhtd infy. 367, read./ty*. 1 and 2, Plate XVIII.
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shovel, having a socket into which a helve 5 feet in length is inserted, and

in some parts of the country this is furnished with an oblique cross-head. It*

Fig. aca.

thi n-ccoit • »T»rr.

position in the plough is to lie between the handles, and its use to enable

the ploughman to remove all extraneous matter, as earth, that may adhere to

the mould-board, or stubble, roots, weeds, that may accumulate before the

coulter. It is common to all ploughs.

1072. The Iron Hammer Nut-key.—Every plough should be provided with a

—^ very useful appendage, an iron hammer, fig. 370.

_ nasal rpj
ie nea<j an(l handle are forged in one piece of

malleable iron, the handle being formed into a

nut-key. With this simple but useful tool, the

ploughman has always at hand the means by which

he can, without loss of time, alter and adjust the

position of his plough-irons—the coulter and share

—and perform other little operations which cir'

cumstances or accident may require, for the performance of which most plough-

men are under the necessity of taking advantage of the first stone they can

find, merely from the want of this simple instrument. The hammer is slung

in a staple fixed in the sido of the beam in any convenient position upon

the left-hand stilt. This little appendage is confidently recommended to all

plouglimen, as an essential part of the furniture of the plough.

1073. Plough-Slide.—In removing ploughs from one field to another, or along a

hard road to a field, instead of sliding them upon their

'. — sole-shoe, which is difficult to do when it has no hold

of the ground, or upon the edge of the feather of the

sock and the side of the mould-board—which is a more

easy mode for the ploughman than on the sole-shoe,

and is consequently more commonly taken—every ploughman should be pro-

vided with a plough-slide, a simple and not costly implement, as represented

n„ ^ in fig. 371. It consists of a piece of hardwood board 3 feet 4 inches
" long, 8 inches broad, and 2 inches tliick, in which a long staple a is

I driven to take in the point of the sock ; and at b are fastened two

small bars of wood, longways, and at such distance from one another

as to take between them the heel of tha sole-shoe of the plough.

On the under sido of the board is nailed two pieces of flat bar-iron,

to act as skeds to the slide. Upon this implement the plough may be

conveyed with comparative ease along any road or head-ridge.

1074. Feering-Poles.—Feering-poles are a number of round bare of

wood 8^ feet in length and 1^ inch diameter, graduated into feet and

half feet Each pole is painted at the top of a different colour, and of

a marked colour from ordinary surrounding objects. Feering - poles

are used for setting off the breadths of ridges and of cross-ploughings.

1075. Plough Harness.—In Plate VI., fig. 2 is a representation of

a plough drawn with two horses in harness. The harness, which in

f its separate parts constitutes the implements by which the horses

,i draw the plough, consists of the following particulars, each of which is

simple in the extreme :—(I.) The collar around the horse's neck, to

serve as a padding to protect his shoulders from being injured by the draught.

It is stuffed with wheat-straw, faced with neat's leather, and lined with rug
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cloth, and provided with a cape to fend the rain off from the shoulders of the

horse, which would thereby be heated and blistered in the draught. The collar

weighs about 15 lb., and costs £1. (2.) Embracing a groove in the anterior

part of the collar are the haims or homes, composed commonly of two pieces

of wood curved towards their lower extremities, whore they are attached

together by means of a hook and short chain ; and their upper extremities are

held tight by means of a leather strap and buckle. The haims are provided on

each side with an iron hook, to which the draught-chains are linked. When
covered with plate-iron, haims weigh 7 lb., and cost 5b. 6tL (3.) Light chains,

called trace-chains, are fastened at one end to the hooks of the haims in the

collar, and at the other to the swing-trees of the plough, for enabling the horses

to draw the plough : they weigh 8 lb., and cost 7d. per lb. (4.) The chains

are prevented falling down in the middle by the back-band, a broad strap of

leather which passes over the horse's back, and is padded over the chine : it

weighs about 3^ lb., and costs 8s. (5.) The bridle is on the horse's head, and
has blinders : the bit is most conveniently removed by means of a small

strap and buckle at one of its ends : the bridle, of good leather, weighs 4£ lb.,

and costs 10s. (6.) It will be observed in Plate VI., fig. 2, that the ploughman
guides the horses by means of plough-reins, made of rein-rope, which pass from

the stilts of the plough to the bridle-ring of each horse, threading on their way
a staple on the back-band. (7.) The horses' heads are kept most steadily by
means of a short rein of rope from the bridle-ring to the trace-chain of each

FIR. 3T4.

firsts.

1076. The Common Spade.—The plough, in its effects upon the soil, is the

nearest approach of any implement to that of the No. 5 common spade, fig. 373.

With its flat rectangular iron blade and wooden helve fastened with riveted

nails into the split socket attached to the blade, the common spade is too well

known and too commonly in use to require any description of its construc-

tion. To the gardener, who turns over the surface-soil, the spade is indispen-

sable ; and to the cultivator of the soil, who improves his land by trenching, it is

an efficient implement. In trenching ground with the spade the surface-soil is

turned over one spit deep of the blade, and

another spit of the same depth is brought up
of the subsoil, and put upon the top of the

first, making the trenched soil 16 inches deep.

1077. Parkes' Patent Spade.—The blade

of Parkes' patent spade, fig. 374, is of steel,

and the lower part of the helve attached to

the blade is of tubular iron, the handle and
the upper part of the helve being of wood.

This is a very light and clever implement

for turning over the surface-soil, and in

smooth ground would last many years, but

on rough stony subsoils it could not undergo

tho fatigue of the common spade.

1078. The Ditcher's Shovel—The ditcher's

shovel, fig. 375, is 1 foot broad and 1 foot

long, tapering to a point, with a helve 28

inches in length, furnished with a short

cross-handle, and costs, No. 5, 4s. Its uses

are to clear the sides and bottoms of ditches of loose earth, to clear the bottom

of a trench of loose earth and stones, and to clean up the bottoms of dunghills

on soft ground, which it does better than any broad-mouthed shovel.

a t>rrctr»R a
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1 079. Parke*' Digging Forks.—Tho common spado, on turning over the surface-

Fie. ;«T7. FJjr. »78w soil in spits, preserves the earth in lumps ;

and when the soil is tenacious, those lumps
may be difficult to pulverise. It

deemed reasonable, that if, instead of 1

a blade, an implement were employed to

turn over the soil, having a number of

prongs pretty closely set together, the

earth would be broken and even comminuted
in the act of being turnod over. Accord-

ingly, such forks as are represented by
fi^s. 376, 377, and 378, were contrived by
Mr Parkes for that purpose, and they have
been found to answer. They are made of

steel prongs, four and five in number, more
or less closely set together, and having

tubular-iron helves attached to them like

his steel spade, fig. 374, with a handle and
upper part of the helve of tho wood.

1080. Trenching-Forks.—In trenching ground, it may be desirable to keep the

subsoil at the bottom, and not bring it up to the surface. The trenching-forks,

such as in figs. 379 and 380, afford ready means of

accomplishing that object. After tho surface-soil has

been removed from the trench by the common spade,

fig. 373, the trench-forks are then used. When the

subsoil is not very hard, and not many stones in it, the

fork of three prongs, fig. 379, is used to loosen the

subsoil to the depth of the prongs, and to let it remain

in the loose state where it is. When the subsoil is hard,

and the stones many, the two-pronged fork, fig. 380, is

better suited to loosen tho subsoil and cast out the

stones than tho three-pronged. Fig. 380 is provided

with tramps for the foot to press upon, and force the

prongs into hard ground. The prongs, two or three

in number, are 15 inches in length and 1^ inch in depth
at the neck, tapering to a stout point. The prongs
are connected with a hose, into which an ash helve

with a short cross-handle is fastened. The entire fork

stands 3 feet 9 inches in height, and costs 5s.
rWo 10gl The Hand-Pick.—"When tho subsoil is so hard

that the two-pronged trenching-fork, fig. 380, cannot easily be made to penetrate,

then the hand-pick, fig. 381, is used to loosen both the subsoil and the stones.

Tho points of tho hand-pick are sharp, and the handle, acting as a lever, gives

the labourer a considerable power in overcoming tho adhesive property of tho

subsoil and the tenacious hold of the boulder-stone. In soft adhesive clay the

hand-pick is of little use, only picking out as much of the earth as the breadth

of tho pointed end of the pick. The pick is made of a bar of iron brought to

a point nt each end, and curved to a segment of a circle. The handle is 3 feet

in length, iR of ash fastened by wedges in a swelled oye, spreading upwards,

forged in the middle of tho bar of iron. Each arm is 18 inches long by 2£
inches deep and

1 J inch broad, and the cost of the implement is 5s. 6d. or 6s.

1082. The Foot-Pick.—The hand-pick is severe upon the arms of the labourer
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tU* FOOT-riC*

when using it in hard ground containing many imbedded small stones. The
foot-pick, fig. 382, in such a case,

is an easier implement for him :

it stands 3 feet 9 inches in height.

The shank is of iron, J inch

square at the neck under the eye,

through which the cross handle

passes, and it is 1^ inch broad at

the tramp. The tramp is movable,

auJmay be shifted to either side

of the shank to suit the working-

foot of the labourer, and it remains

firm at 16 inches from the point,

which inclines a little forward to

assist the lever power of the im-

plement in loosening hard soil or in

removing large stones. The cost is

6b. 6d. It is used in this manner

:

The labourer raises it by the handle with both his hands, with the point bend-
ing away from him, and thrusts the point with force into the ground, and works
the pick down with the pressure of his foot upon the tramp, until the imple-

ment has penetrated as far as the tramp, which is 16 inches. He then pulls

the handle towards him, and the shank, acting as a lever upon the surface of

the ground as a fulcrum, the point raises the ground before it in a mass, or

displaces any stone that may be in its way. Should the ground be too hard to

yield entirely to the power of the man's arms alone, he increases his power
by sitting upon the handle, and pressing with successive impulses against it

with the weight.of his body.

1083. The Mattock.— In trenching ground, roots of trees or bushes may
sometimes be met with. No implement is so efficient in

cutting the ramified roots of trees or bushes as the com-

mon mattock, fig. 283, which has arms and helve of the

same dimensions as those of the hand-pick, fig. 381,

described above
;

but, instead of being pointed, one arm
has a horizontal and the other a vertical cutting-face of

3 inches in length.

1084. Iron Crow-Bar. — In improving waste land, largo

stones are frequently found imbedded in the soil, which the

ploughs, whether trenching or subsoiling, cannot remove
from their places. The stones which cannot easily be dis-

placed with the hand-pick, fig. 381, or even with the foot-

pick, fig. 382, may be so with the iron crow-bar, fig. 384. It is simply a strong

round bar of iron, 6 feet in length, tapering gradually from the lower end, which
is flattened and a little ...

turned up to give a .

: -jygyy^j^.~

firmer grip of the ^mftommStmml^^^^mam^— V
stone, to the upper

end, which is most commonly finished with a small knob. The crow-bar acts

simply as a lever of the first order, requiring a hard stone conveniently placed

for a fulcrum.

1085. Stone-Slide.—The large stones which require the iron crow-bar, fig. 384,
to displaco out of their position, are most easily taken out of the field by means

til* K
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Kitf. 383.

t

111
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Fig.

of a slide, fig. 385. It is made of two pieces of wood, at least 6 inches square,

a a, fastened together at oue end at an angle by plates of iron secured with
bolts and nuts, and the other ends are con-

nected by a 4-inch square bar 6, fastened

with bolt and nut. A piece of a tree

naturally branched, as a and a are repre-

sented in fig. 385, is the strongest and
most convenient form of slide. A staple

with a ringed hook c, to attach a swing-
tree to, for one horse, is fastened at the

apex of the slide. Fig. 385 shows the

implement in plan, and fig. 386 in a side

elevation, where a a is oue of the bare, b

the square connecting - bar, and c the

draught-hook. The under side of a a is

shod with iron, such as with the tire of an old cart-wheel, to save the wood
from wear. Where the stones are large, two horses may require to be yoked,

with double swing-trees, fig. 288, to the draught-hook c.

1086. Jumper and Quarry-Hammer.— When the stones are too large to be

rip. :«*. removed by the slide, fig. 385, they will require

either to be buried out of reach in the soil,

or broken into convenient pieces by means
of gunpowder, for removal by cart or slide.

The burying of large stones in deep and capa-

cious holes is too expensive a process to be much
practised, but the blasting of stones is attended

with little difficulty. For that purpose two
instruments are mainly required—ajumper, fig.

387, and a quarry-harnnier, fig. 388. The
jumper consists simply of a rounded bar of iron,

flattened at one end to a breadth exceeding the

diameter of the bar, and hardened, and at the

other into a flat knobbed head. The hammer
is of iron, of a rectangular form, with hardened

faces, and furnished with a wooden helve. The
jumper is used by one man holding it in a per-

pendicular position, and turning it progressively

round as it descends into the hole forming in the stone by the assistance of

water, while another man uses the hammer, with a short and firm hold of its

helve, in repeated smart strokes upon the top of the jumper. Very largo

boulders require more than one blast to reduce their parts, so as to be easily

removed from the field either by cart or slide.

1087. The Hand-Barrow.—Stones of a size not easily lifted by the hands, and

those also which cannot be lifted in the arms, and yet are too small for the slide,

n2 . m. tig. 385, are best removed from

the field by cart and horse. The
easiest way of loading the cart

with the largest stones is by
"*">••••»- means of the hand-barrow, fig.

389, upon which a largo stone can easily bo canted, and then lifted up by

means of the hand-barrow by two or more men into the bottom of the cart The

hand-barrow is of simple construction, sparred, as seen in fig. 389, or boarded.

1088. The sides are 5 feet to 5£ feet long, 2$ inches to 3 inches deep by l£

1 m juur«»
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inch thick in the middle. The five spars connecting the sides are about "2^

inches by inch, all mortised into the sides, the middle spare being cut off

flush on the outside, while the end ones project beyond the sides, and are

rounded off, a short wooden pin being driven through the projecting ends of the

tenona to keep tho whole fabric together. All the spare have a small shoulder

to bear on each side, the tenon being smaller than the body of the spar.

1089. This is the sparred form of the hand-barrow; another is, that the

spars are boarded over, the boards extending to the outer edge of the sides.

The sparred hand-barrow answers for lifting large stones. The boarded one

is used for carrying any material that would fall through the spare.

1090. Draining Tools.—We shall now illustrate the different tools used in

drainiug. Draining is now universally acknowledged to

afl be the great fundamental operation in all improvements

tending to a superior cultivation of the soil.

1091. The Spirit-Level—In setting out drains, and in

determining their rate of inclination, a spirit-level is an
essential implement. A simple form of this is given in

fig. 390. It is furnished with eyesights a A, and when
in use it is placed in a slight framing of brass, which ope-

rates as a spring to adjust it to the level position rf, by
the action of the large-headed brass screw c. A stud is

affixed to the framing, and pushed firmly into a gimlet-

hole on the top of the short rod e, the pointed shod

end of which is penetrated into the ground at the spot

from whence the level is desired to be ascertained. The
brass framing is placed between tho sights a b

y
with the

stud upwards, and a wooden cover put over it, when the

instrument is to be carried in the pocket.

1092. 7'hompsoris Drainage-Level.—In fig. 391 we
illustrate the form of a drainage-level invented and manu-
factured by Mr H. A. Thompson, Lewes, and which has

received the prize of the Royal Agricultural Society, and
of the Paris Exhibition in 1856. It consists of a spirit-

level in a japanned frame a a, with brass graduated

arch 6, and mounted on a tripod-stand c c e, witli level-

ling-Bcrews. An iron frame, which carries the two sights d e, with cross

liairs, is adapted to this. This portion is capable of turning round in a centre,

and can be raised or lowered as desired. The ap-

paratus may be used as the ordinary spirit-level

illustrated in fig. 390, or by the use of the gradu-

ated arch. The rate of rise or fall to any given

point may be found by simple inspection. The
most favourable fall may also be ascertained by
it, by levelling and traversing the instrument m
the plane of the horizon. As iron is princi-

pally used in its construction, it is very dur-

able. In this level, the adjustment by the

parallel plates and screws at f is such, that

it can sweep round the entire horizon in one

parallel plane. The arc b is graduated to a per-

centage scale of 1 in 100, so that when the instru-

ment is adjusted to the level, and the eye-pieces and cross hairs moved vertically

till the cross hairs intersect an object the same height as the instrument placed

tub •run;uvul
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at the outfall, the operator can at once read off, from the graduated arc at the side

of the instrument Inflow 6, the rate of fall. The cost is £l, 18s. with tripod-stand

1093. Levelling-Staff for Drains.—The uniform fall in a drain in sloping

ground is easily ascertained by means of three levelling-staffs, fig. 392, with

cross-heads 9 inches long, two stall's being about 2 feet in length, and one to suit

itself in the drain to the height of the others. One short staff is held perpen-

dicularly on the ground at the upper end of the drain, and another similar one

at the lower end. The tliird staff, adjusted in height to the other two from

the bottom of tho drain, is gradually moved from one end of the bottom

Fig. aw.
°f tno (bain to the other ; the superintendent, placing himself

at one end of the drain, and bringing Ins eye on a line with the

upper edges of the cross-heads of the two extreme staffs, observes

whether the upper edge of the long staff keeps in the line of

the other two. If it does, then the fall of tho bottom of the

drain is uniform ; but where it sinks below the other two, the

bottom has been too much seooped out, and must be filled u]>

with earth ; and where it rises above them, the bottom is too

n*.«& high, and must be cut

down. When the staffs

are jminted of a con-

trasting colour, they

are most easily distin-

guished in use.

1094. The Drainer's

Plumb - Level.— As a

safe guide in cases

where the fall is not de-

cidedly cognisable hy

the sight, a mason's
D plumb - level, such as

MYKi i im) *r*rr
5K tMIIMO TUB

FALL IN

MIA1NB.
t„» »M»u'« wniHJ.n. c

fig 393( j8 a convenjont

instrument for drainers. A mark at which tho plummet-line df will subtend an

angle with tho plumb-line d e equal to the angle of the fall of the drain,

should be made at the top

of tho opening e, which may

be supposed to bo whore the

plummet/ at present hangs

;

by which arrangement it

is demonstrable Hint the

angle thus set off at e df
must always be equal to the

angle b a e, which is the

angle of the inclination of

the fall.

1095. Thompson's Work-

mans Bevel. — In fig. 394

wo illustrate Thompson's

workman's bevel—an instru-

ment useful in carrying out

drains on a uniform slop.

iuomnoh* feoMKMtv. mcvm. This resembles closely fig.

393 ;
indeed, only differs from it in this, that the perpendicular sides can be
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lengthened or shortened by shifting the hypothenuse, so that it will form any
angle with the base which may be desired. The bolt which connects

the hypothenuse and the perpendicular
t
carries an index-head, and

works in a slot in the perpendicular. The rate of slope is indicated by
the index - point on the graduated scale ; and the instrument is

maintained at this point by tightening the nut of the index-head.

In using the instrument the base is placed in the slope of the

dram, and the workman has to see that the plumb-line strikes the

centre.

1096. The Narrow Drain-Spade.—Whatever depth a drain has to

be made, it is essentially economical that it be cut as narrow as a
man can work in it After the top of the drain has been removed
with the common spade, fig. 373, the narrow spade, fig. 395, follows

immediately after it, and being narrow it has a short cross-head on
the helve.

1097. The Draw-Earth Drain-Scoop.—Should the drain havo stood

for some days now cut, immediately before the man proceeds to

lay the sole-tiles, the wet sludgy matter at the bottom should bo
removed with th© draw-earth dram-scoop, fig. 396. The scoop

consists of a trough of iron of the breadth of the bottom of the drain, having a

perpendicularly raised edge on each side to retain the sludge. The helve is

Fig. SOT.

TUB MAHHOW
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long to reach the bottom of the drain, while the labourer stands across it on the

ground, and it is fixed in a socket.

1098. The Drain Draw-Hoe.—Where a little dry earth remains at the bottom

of the drain, it is most easily re-

moved along with any small stones

with a narrow draw -hoe, fig. 397,

having a 2-feet helve and a 3-inch-

wide blade. Cost, Is.

1099. The Drain-Trowel—To pre-

pare the sole of the drain for bedding

the tiles flat, the mason's trowel, illus-

trated in fig. 398, will be useful.

It is 7 inches long in the blade a, 5

inches in the haudle c, and tho crank, or return

height. In cast-steel it costs 2s

1100

Fig. 898.

1MB ir.OWIt FOR I'J-.AIK*.

at b, l£ inch in

in common steel, Is. 3d.

The Narrowest Drain-Spade.—The lowest part of drains is

made much narrower than the upper, to save the expense of digging

out an unnecessary quantity of earth. To effect this, the narrowest

spade, fig. 399, is an appropriate instrument. It is only 4 inches

wide at the mouth, and is provided with a stud in front to press the

heel upon when the workman pushes the blade into the subsoil.

It serves to throw out the earth loosened by the last picking, and to

trim the sides of the bottom of the drain.

1101. The Pushing Drain-Scoop.—The loose earth at tho bottom of a drain,

left by the spades, is best removed when dry with a pushing-scoop, fig. 400.

TDK K A KKI. W-
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322 IMPLEMENTS FOR THE CULTIVATION OP THE SOIL.

This scoop finishes the bottom of a drain neatly. Its mouth is a semicircle of

iron, to which is attached a socket, in which the long helve is fixed. The

rig.4oa

labourer pushes it from him along the bottom of the drain, while he stands

across it on the ground.

1102. The Planking of Drains.—The drain required to convey away the con-

tents of a copious and deep spring, and

of the waters of a lake, may have to be

dug to the depth of from 6 to 10 or 15

feet, according to the lowest depth of

the seat of the water to be removed.

Should the drain prove very wet, and

danger be apprehended of the sides

falling in, the whole division engaged

in for the time is taken out to the

bottom without stopping, in order to

let the conduit be built into the drain

as quickly as possible. Should the

earth have a tendency to fall in before

the bottom is reached, short thick

plants are provided, and placed against

the loose parts of both sides of the

drain in a perpendicular or horizontal

position, according to the form of the

loose earth, and there kept firm by

short stobs, acting as props between

the planks on both sides of the drain,

as in fig. 401, where a a are the sides

of the drain, d d planks placed per-

pendicularly against them, and kept in

their places by the short prop c; or

where it is necessary to have the planks placed horizontally, / and its opposite

neighbour is so placed, and kept in their position by the props e e.

WOZ. Boring-Irons.—Where it has been ascertained that the strata under a

collection of water is gravelly, and the water is retained in its place by an

impervious stratum of clay over the gravel, the water will find a vent if a hole

be formed through the clay into the gravel, and this is most easily effected

by means of boring-rods. The boring-irons are made to open a passage through

various sorts of materials, Buch as impervious clay, thin rock and hard rock; and

one or all of these substances may have to be penetrated ere an adequate passage

be formed for the detained water to escape. Fig. 402 shows the various instru-

ments used in boring, where ( 1
) the auger a is from 2£ to 3^ inches in dia-

meter, and about 16 inches in length in the shell, the Bides of which are brought

pretty close together. It is used for drilling a hole in the ground, and bringing

up the drilled earth. When harder substances than earth are met with, such

as compact gravel or thin soft rock, (2) a pyramidal punch, b, is used to pene-

trate into and make an opening for the auger. When rock intervenes, then (3)

the chisel or jumper, c, is used to cut it through, the face of which should be of

sinosi or FLAHia inn
mi «ii>*s or DUMnit »LUao iw.
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greater breadtli than the diameter of the augor used afterwards. There are (4)

rods of iron d\ each 3 feet long and 1 inch square, unless at the joints, which

rtg. «w.

iut iMBrttuMBais for no

m

no Tii* »o« atnxTA or K»«r muma

Fig. 403. Fig. 4fM.

are 1^ inch in diameter, with a male screw at one end and a female at the

other, for screwing into any of the above instruments, or into one another, to

make them as long as to allow tho descent of any of the instruments into their

working place. (5) The short iron key, e, is used for screwing and unscrewing

the rods from the instruments and from ono another. (6) A cross-handle of

wood /, having a piece of rod attached to it, with a screw to fasten it to the

top of the uppermost rod, is used for tho purpose of wrenching round the rods

and auger, and for lifting up and letting fall the rods and jumper, when these

are used respectively. (7) The long iron key g is used to support the rods and
instruments as they are let down and taken up, while the rods aro screwed on
or off with the short key e.

1104. Hammerfor Breaking Stonesfor Drains.—Instead of throwing in stones

promiscuously largo and small into drains, tho large ones are broken in order

to packthem more firmly together

in the drain, and to prevent their

shifting in position. Fig. 403
represents a hammer well suited

for breaking the larger stones

for drains. It consists of a rectangular mass of iron from 4£ lb.

to 6 lb. in weight, having one face square aud tho other rounded
like an egg, and both faces aro steeled. The shaft is of ash, and
about 26 inches in length.

1105. The Drain- Gauge.— For the purpose of ascertaining

whether drains are cut out of tho specified dimensions by the con-

tractors, a drain-gauge proves a handy implement, of which fig.

404 is a representation : a is a flat rod of wood, of greater length

than the depth of any drain to be cut ; it is graduated into feet

and inches, commencing the scale from the lower end of the rod.

Fillets of wood are screwed on to the rod of such lengths as to correspond

to the width of the drain at the top, the middle, and tho bottom, such as at

bed. The rod a is put down by its upper part, which acts as a handle, with

IUMMH FOR UKEAK1NO »10M»H FC H t/R»t*».
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324 IMPLEMENTS FOR THE CULTIVATION OF THE SOIL.

the arms bed extending along the drain first to ascertain the depth by the
graduated scale ; and which being ascertained, the rod is gently turned round,
while resting on its lower end on the bottom of the drain, until the points of the
arms bed touch both sides of the drain. If the arms cannot come round square
to the sides of the drain, the drain is narrower than was intended, winch can
do no harm ; but if they cannot touch both sides, the drain is wider than
necessary, and should bo objected to, and although the fault cannot bo re-

medied, it may not bo repeated. By the constant use of this gauge wliile the
cutting of drains is going on, much unnecessary work may be avoided.

1106. The Portable Drain-Screen or Harp.—A portable screen or harp is

1UI uaAIJ.-9.il --»* UAHP OH Hl'HHJl.S.

used for riddling and depositing the stones, as seen in fig. 405, which consist*

tig. 406. of a wheelbarrow a, over and across which is suspended a

screen 6, having the bars more or less apart, aceo*ling to the

description of materials intended to be used. The upper end is

hung upon two posts c c, about 3 feet above the barrow, the

lower end rests upon the opposite side of the barrow. To this

lower end is affixed a spout d ; attached about 10 inches from
the lower extremity of which is a board e, by means of two
arms /, and which board e is supported at the farther side of the

drain at k from the barrow a. Another screen g, about one-half

the length of b, and having the bars about £ an inch apart, is

hung parallel, about 10 inches below the larger one b. The upper
end of g is fixed by means of two small iron bars h to the upper
end of the larger screen b ; tho lower end rests upon a board t

sloping outwards upon the side of the barrow opposite to that

on which the spout d is situate.

1107. The Frying-pan Shovel.—This is the most convenient

form of shovel for supplying drains with small stones, fig. 406.

It is heart-shaped, with a blunt point in front, and a raised back
for holding in stones, or for protecting the hand when this shovel

is used for spreading lime upon land out of carts. Its helve

is bent to prevent the greater stooping of the labourer, and it is

fixed to a socket, and furnished at top with a short cross-handle. Cost, 3s. lOd.

IK« rnTIJSO-FAM OR
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1 108. A Tail-boardfor Drain-Stones.—A movable trough, or, as it is commonly
called, a tail-board, a, rig. 407.

fig. 407, is attached to

the hind part of a cart,

for the purpose of re-

ceiving any stones that

may drop while the

workmen are shovel-

ling them out of the

cart. A portion of the

hind part of a cart b

shows the manner in

which it is affixed to it.

1109. Drain -Stone

Rale.— Fig. 408 is a

small iron rake used

by the workman in

charge of the drain,

for the purpose of

bringing the surface

of the larger stones to

a uniform height be-

fore being covered with

the smaller.

1110. The Drain-Stone Beater.—Fig. 409 is the drain-stone Roman beater,

which is a square piece of wood, the width of the drain, used for beating the

smaller stones into the interstices of the larger ones, and thus levelling the

surface of the stones, and making it compact.

1111. Draining 0/ Bogs.—The Flg>40a n*.4ia r\g.m.

draining of bogs requires imple-

ments peculiarly suited for the

purpose. They are not numer-
ous, but efficient.

1112. The Edging-Iron.—The
easiest mode of lining out the

top of a drain in a bog is by fol-

lowing a garden line with the

edging-iron, fig. 410. It consists

of a crescent-shaped blade, hav-

ing a sharp face along the seg-

ment, and the back not very

thick. The helve, furnished

with a short cross-head, is about

4 feet long, and is fixed in a
socket attached to the blade.

1113. The Broad-mouthedShovel. '

—The first spit after the edging-

iron, fig. 410, has cut out the line

of the drain in the bog, is best cut and taken out with the broad-mouthed
shovel, fig. 411. It consists of a broad thin blade, slightly hollowed in the

centre. The helve is slightly curved, furnished with a short cross-head, and
fixed into a split hose like the common spade. Being broad and light, this

shovel can cast out a very large turf.

IHI > l> > ! SU-IHOS'.
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Fltf. 413.

1 1 14. The Horizontal Spade.—This is a new spade, and is so named because it

vig. 414 GZTli works in a horizontal direction. Where
footing can bo fonnd in a bog, this

spade is the most efficient implement

for cutting out the turf below the first

spit cast out by the broad-mouthed

shovel, fig. 41 1 . Where no footing is

to be had, by reason of the softness of

the peat, this spade is not so useful.

It consists of a blade of iron, rounded

and sharpened in front. The socket

L~ g- -la^y attached to the blade is long anil

bent, so as to keep the blade in a

horizontal position while the labourer

uses the handle at the ordinary height from the ground. The helve, which is

straight, is fixed in the socket, and furnished with a short cross-head.

1115. The Peat-Tile Spade.— Tiles made of dried peats have been recom-

mended for the drainage of land where peats are near, and

tiles and stones distant. In case of such a locality requiring

draining, a peat-tile may bo made by a spade contrived by Mr
Hugh Calderwood, bricklayer, Ayrshire. It consists of an iron

cutting-part, fig. 413, of a semi-cylindrical form, furnished with

a flange on each edge, and a cutting tongue at the extremity of

one of the flanges. It is provided with a cross-headed helve,

wliich is inserted into a socket attached to the cutting part.

1116. The Peat-Tile for Drains.—The tile cut out of the peat

by this spado has the appearance represented in fig. 414, where

two separate tiles, a and b, are placed one above the other, leav-

ing a circular opening in the centre between them. One man can

cut from 2000 to 3000 such tiles every day, which, after being

thoroughly dried by the weather, are fit for use.

1117. The Drain-Water Metre.—It is desirable at

times to ascertain the quantity of water discharged

by drains in a given time. Mr Milne Home of

Wedderburn, Berwickshire, has contrived a ma-

chine by which the discharge of water from drains

may be measured accurately enough for all practical

purposes. Fig. 415 is a view in vertical section of

the drain - water metre, where a is the main-tile

drain -mouth which discharges the water of the

drains, and supplies it at that particular part to the metro ; b / is a vessel made

of sheet-iron in the form of a solid rhomboid, open on two of its sides. The

vessel is attached by a tumbling-joint at one of its angles upon an upright iron

stud d, and it receives the water from the drain a ; c is an upright iron spindle,

which carries a toothed rack at its upper end, whieh sets in motion a series

of graduated wheels and racks, that mark the tenths, hundredths, and

thousandths of gallons of water discharged in a specified time, the same as

does the index of a gas-metre. The vessel 6/is divided in the middle by a

diaphragm represented by the perpendicular dotted lines. When the part b

becomes full of water, that sido of the vessel doscends by its gravity towards the

bottom of the box h h in winch it is placed, by turning upon tho tumbling-

joint at rf, in doing which it moves the ratchet-wheel e on the spindle c by means

of a short lever attached to the vessel, as shown at d. On the vessel descend-

TK« cAt.P«llWOnp
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lift, 4M.
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ing, it discharges its water from the box by means of the aperture g, situated

on the right side at the bottom. As the

one-half of the vessel b descends and
empties its water, tho other half /
ascends to receive the water from a,

and on being filled also descends and

discharges the water at the left side

of the box through the aperture g.

When the half/ of the vessel descends,

it does not act on the ratchet-wheel

fj but simply draws the short lever

back over the teeth of the ratchet-wheel,

so that the set of wheels and racks at

e really indicate only half the quantity

of water which has been discharged from

the drain.

1118. Paring Implements.—The common No. 5 garden-spade, fig. 373, with a
sharp edge, and its corners a little worn by work, removes the rough herbage of

the surface very well, and the turf can be set up at the same time by the work-
men to be dried ; but the labour of paring and burning in thin manner is expen-

sive, and is therefore seldom incurred, although the spade might lie usefully

employed in some cases in assisting the other means of paring—that is, by the

paring-ploughs, as figs. 284 and 28a—and its work would then be economical.

1119. The Flauchter-Spade.—A more efficient and expeditious implement for

paring turf is a spade of a different

form, fig. 416, the face of which is

angular and sharp, the blade 9 inches

broad and 1 5 inches long ; the right-

hand and straight side of which is

turned up 3 inches, with a cutting

edge in front ; the helve is 5 feet

long, and flat, provided with a flat

cross-handle 2 feet long, with its

plane at right angles to that of the

helve. The blade of the spade is set

at such an angle with the helve, as

to permit the handle to be elevated

to the height of a man's haunches,

when the blade rests on its sole, when
at work, flat upon the ground. This instrument is called in Scotland the

flauohter-spade, from the Teutonic verb to flauch or take off the skin ; and the

mode of using it will at once show the impropriety of the English term of the

brfatt-plough, the breast of the worker never touching it.

1120. The Hedge-Spade.—Fig. 417 represents an implement for paring the

face of a hedge-bank of the rank grass that may
nfU t„

have grown there. It consists of a rectangular

blade, with a Bharp face ; a socket and stem are

attached to the blade, bent as much as to free

the labourer's hands from the bank when using the spade. The helve, 2 feet

long; and furnished with a short cross-head, is fixed into the socket.

1121. Carriage for conveying Harrows, §c—In fig. 418 is given an illustra-

tion of a carriage for removing harrows from one field to another : it consists

of a fnune of wood, sparred, in length to take on a pair of harrows coupled with

n,4ncnTiH*rAP* at wen.
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1 i. 418.

their master swing-tree, and in breadth perhaps 3^ feet. The hind-part of the

frame rests on crutches supported upon the axle. of two wheels, the upper part

of the rim of wliich is below the level

of the top part of the frame ; and the

fore-part rests upon a castor which al-

lows the carriage to be turned when

desired. A horse is yoked to two eyes

in the fore-bar of the frame by the hooks

of the plough-chains, to draw the car-

riage by. The harrows are piled one above the other upon the framing.

Such a carriage may convey other articles to and from the fields.

1122. The Weed-Hook.—It consists of an acute hook of iron, flattened, of the

form of fig. 419, with the two inner edges as far set asunder as to embrace

Fl«. 419.

TUB CiHKltDI KH I • H-. ll IM) IIAHIlCICa fc.1

Fig. 430.
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the stem of succulent herbaceous plants, and made as sharp as easily to cot

through them. The cutting-hook is attached to a neck of iron, which is forged

at the other extremity into the form of a socket, to take in the end of a light

wooden handle about 4 feet in length, to which it is fastened by means of a nail

or screw. The neck is bent in the form that, when the under surface of the

hook usts upon the ground, the handle shall be so inclined as to suit the hand

of the worker. The weed-hook is used with one hand, the worker walking op-

right, and holding it by the handle before her in an inclined position towards

the ground, and drawing it towards her with a jerk. Cost, 6d.

1 123. We have seen a weed-hook with its outer edge also sharpened, for

cutting weeds with a push forwards ; but such a one cannot be used amongst

standing com, since its sharp outer edgo would inevitably cut its stems.

1 124. The Hand Draw- Hoe.—The hand draw-hoe, fig. 420, consists of a thin

iron plate «, faced with steel, 7 inches

' in length and 4 inches in breadth, with

e an eye b to receive the handle r, usu-

ally made of fir, to make the imple-

ment as light in the hand as possible.

The hand draw-hoe is used for weeding corn sown in rows, as also for singling

turnips. In weeding corn it is used by field-workers, who each take a drill,

and hoe the ground between the rows, and when the corn is dibbled, be-

tween the plants also. In weeding rowed corn it is necessary- for the field-

workers each to occupy a row ; and to prevent their jostling one another, the

one in the centre of tho band takes the lead in an advanced position, while

the others range themselves on each side in echelon. In singling turnips the

shaft c of the hoo should not exceed 3 feet in length, although in some parts

of tho country it is 4J feet, whilst in others it is 33 inches. The shorter

tho shaft is, the better for the work, as it enables the worker to stoop closer

to tho ground, although that position is severe upon tho worker.

1125. The Dutch-Hoe.—The Dutch-hoe, fig. 421, consists of a thin plate of

rig. 4*1. iron steeled on the face, 7 inches

, «^ in length, having its two extre-vi^jr^ • unties connected with a bow of
TU

" "™ iron rod, to whicli is attached a

socket, into which tho handle, 5 feet in length, furnished with an oblique
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: 1 cucum.

cross-head, is fixed. It is used by a push forwards, and is useful in weeding
the face and top of tho bank behind a hedge.

1126. Turnip-Fly Catcher.—In fig. 422 we give a view in perspective of a
turnip- fly catcher, patented

by Mr Morris, and manu- ^^Tvv
factored by Messrs Banks
and Nixon, Nottingham.
It consists of a light hori-

zontal framework a b, car-

ried by two wheels c rf, and
guided and propelled by
the handle e //, the two
Ride-bars of which,//, are a

continuation of two of the

horizontal bars of the frame

a b. Two diagonal stays,

g g, connect the fore part of

the frame a b with the handle-bars// and are provided with slots at their upper

end. These slots slide on bolts connected to the handle-bars / /, and admit

of adjustment at various points. The height of the frame a b from the

ground is adjusted by means of the lever h h, the lower end of which is con-

nected with a bar of tho frame a b. The lever is adjusted at any desired angle

by a pin or bolt passing into an aperture in the bar i, fixed at its lower end
to one of the bars of the frame a b. The wheels c d run in bearings in the upper

part of the bars k, the lower ends of which are jointed to the sides of tho frame

a b. As the handle e is depressed, the lower end of the diagonal stays g g is

elevated, and this raises the lower ends of the bars k, and depresses their

upper, thereby raising the frame a b farther from the ground, and vice versd.

1 127. To the under side of the frame a 6, a curtain of light canvass is attached,

the lower surface of which is smeared with an adhesive compound. As the

machine is propelled forward along tho drill of turnip-plants affected by the

turnip-fly, the curtain brushes up the insects from off the plants, and carries

them away adhering to tho adhesive compound.
1128. Pickling Apparatus for Wheat.—To insure wheat from the attacks of

fungal disease, it is considered ad-

visable to "pickle" it—that is, sub-

ject it to a preparation in a certain

kind of liquor immediately before

it is sown. In fig. 423 we illus-

trate the apparatus used for this

purpose, where a is the sack of

wheat to be pickled, b the basket

into which the wheat is put, c is

the tub which contains the pickle,

and into which the basket b is im-

mersed in tho pickle ; d is the basket 1

containing the pickled wheat, set upon the drainer «, over the tub/, to drip
the superfluous pickle into

; g is the heap of pickled wheat, and h are the eraptv
sacks to contain the pickled wheat for sowing.

1129. The Seed Rush/.—Fig. 424 is the seed-msky or basket for carrying the

seed in the field from the sacks to the sower. It is usually made of twisted

straw laid in rows above each other, and fastened together by means of withes

ncuixu am-akati:« rr k wheat
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of willow. It is provided with a couple of handles of the same material,

Fig. 424. sufficient to admit the points of the fingers, and also

a rim around the bottom, upon which it stands.

1 1 30. The Sowing-Sheet.—The sower is habited in a
peculiar manner ; he puts on a sowing-sheet made of

linen. The most convenient form of sowing-sheet is

that of a semi-spheroid, having an opening at one side

of its mouth large enough to allow the head and right

arm to pass through, and by which it is suspended
over the left shoulder. On distending its mouth with

both hands, and on receiving the seed into it, the

superfluous portion of the sheet is wound over the left arm and gathered into

the left hand, by which it is held tightly, while the load of corn is securely

supported by that part of it which
passes over the loft shoulder across

the back and under the right arm.

The right arm, which throws the

seed, finds easy access to the corn

from the comparatively loose side of

the mouth of the sheet, between the

left hand and the body of the sower.

1131. A square sheet, knotted

together in three of its corners, and
put on in a similar manner, is some-
times used as a sowing-sheet; but

one formed and sewed of the proper

shape, and kept for the purpose, is

a much better article.

1132. Linen sheeting makes an

excellent material for a sowing-
sheet, and when washed at the

end of the sowing season, will last

many years. The difficult point

is to make the sowing-sheet fit the

top of the left shoulder of the sower,

where the greater part of the weight
of the corn is felt

;
and, in accomplishing this, the principal thing to be con-

sidered is, to make the plain part, which lies upon the shoulder, broad enough,

and to slope it with the shape of the

shoulder. The gatherings of the cloth

on each side of the shoulder-top should

be flatly executed, and a couple of

tapes placed in a slot-hem in front of

the sheet across the breast.

1133. The English Sowing - Basket.

—A basket of wicker - work, such

as in fig. 426, is very commonly used

in England for sowing seed. It is

suspended by girthing, fastened to

the two loops shown in the figure,

on the rim of the basket, and passed

either over the left shoulder and under
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the right arm, or round the back of the neck ; and the left hand holds it steady

by the head of the wooden stave shown on the other side of the basket from the

loops.

1134. Double-handed Sowing Apparatus.—Some sowers throw the seed with

both hands, and then the instrument must be made to suit the practice. In

this case a linen sheet will not answer ; a basket or box made of thin deal,

haying a curved form to suit the front of the body, should be used. It is

fastened round the body by a strap and buckle, and is suspended besides by
girthing fastened to loops on the side next the sower, and passed round the

back of his neck ; and the further side is suspended by a strap passing upwards
towards the chin of the sower, where it divides into two, and passes over both

shoulders, and is made fast to the strap buckled round the body.

1135. A more simple form of sowing-sheet for both hands is a linen bap
attached to a rim of iron-rod, made to suit the form of the body, buckled round

it, and suspended in front in the manner described in par. 1134. In either

construction both hands are at liberty to cast the seed.

1136. The Scoopfor filling Water-Barrels.—Fig. 427 represents a convenient

form of scoop for filling water-barrels at

a spring or rivulet. It consists of a

small tub of cooper-work, hooped with

iron, and furnished with a shaft long

enough to enable the workman to reach

from the water to the funnel of the barrel.

Fig. 457.

TUl SCOOP »Ott riLLIHO IU» W*'

DIVI8I0N SECOND.—IMPLEMENTS AND MACHINES CONNECTED WITH
THE PRODUCTS OF THE SOIL.

t

1137. Section First—Hay-Making Machines.

1138. The Horse-Rake.—The horse-rake is an implement much used for col-

lecting the hay into heaps. The varieties of it are numerous, but all possess

the properties of collecting to a certain amount, and then, by a simple opera-

tion of the hand, dropping in a collected mass the quantity of hay or straw

thus accumulated in the machine.

1139. One of the most common forms of the horse-rako is represented in

perspective by fig. 428, and somewhat more in detail by fig. 429, which is a

longitudinal section of the body and adjoining parts, the same letters marking

corresponding parts in the two figures. The body of the machine consists of

a main beam a a, 9 feet long and 3 inches Bquare, and another a swing-bar b b

of equal length, but only 2j inches square, and these are bolted together upon

two side-bars c c, also 2^ inches square, but only 2 feet 9 inches long, and the

main beam a and swing-bar b are further supjxwted by two intermediate bars

d d, which, in the vertical direction, are bent as seen in section, fig. 429
;
these,

at their junction with the main beam, are tenoned instead of being bolted, but

are bolted upon the swing-bar. A pair of handles, e «, are jointed upon the

thorough-bolt n, fig. 429, and are bolted to the lifting-bar/, which rests at each

end on wooden nogs tenoned into the swing-bars c c, and the ends of the

lifting-bar / are each furnished with a thumb-screw for adjusting the height

of the bar. The axles g are kneed to stand 5 inches below the main beam a,

and are bolted to it directly at the tail of the axle, and also through the stud-
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bracket at the neck. The wheels A are 20 inches diameter, of light make in

cast-iron, and the horse-shafts i t\ worked to such a curvature that they shall

IUI BAT AXU BICUBIC UvMMl.lI

bo of the proper height for the horses' shoulders when the body of the imple-

ment stands level, are bolted to the main beam a and intermediate bars d at k
;

and are likewise supported by the iron stays / /. It is also to be observed, that

in both figures the horse-shafts it are partially or altogether broken off for want

of space. The machine is armed with twenty tines or teeth m m, &cM which

are 18 inches high from the ground-line x x, fig. 429, to the upper edge of the

Fig. «».

KCTION A*U (I'll * OF IUI till iWD B1VBHLM U.iRIl

rake-head n n', each tooth being fixed into a separate head with a screwed

tail and nut, while at the point they are bent forward and sharpened, but are

adjusted so as not to run into the ground. The rake-heads are threaded upon

the bolt n, which extends from side to side of the machine, and between each

two rake-heads a wooden stretcher-roller is applied, preserving the heads at the
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proper distance, and through these, as well as the handles e <\ the bolt n also

passes. Seven strippiug-rods p, bent as in fig. 429, are attached to the main
beam a and the swing-bar b by bolts, and each of the rake-heads n' are attached

to die lifting-bar / by means of a short chain q, whereby, when the handles e

are lifted, the bar / and all the rake-tines are lifted from the ground by one

operation ; and when let down again till the lifting-barft
or its adjusting screws,

rest on their studs, each tine is then at liberty to rise and fall a small space, as

the inequality of the ground or any obstruction may require.

1140. In the act of working, the machine advances till tho tines in have col-

lected as much hay or straw as can bo contained in the bosom of the tines and
heads ; and when thus filled, the attendant, by lifting the handles e, causes the

tines to be drawn upward through amongst the stripping-rods p, which dis-

charge tho contents of the rake upon the ground; the handles e are imme-
diately let down to the working position, and the work proceeds as before.

1141. As a stubble-rake this horse-rake is in very general use, and is highly

prized from its efficiency in gleaning stubbles.

1142. The usual price of this horse-rake is from £3, 10s. to £3, 15s.

1143. Smith's Counterbalance Horse-Rake.—Amongst the many varieties of

patent horse-rakes now in use, may be noticed that of Mr Thomas Smith of

Bradfield, Suffolk, as possessing arrangements of simplicity and efficiency.

The principal feature of the invention is, combining with the tines or teeth

counterbalance-weights ; these tend to raise the teeth from the land, and pre-

vent them from sinking in and doing injury to the ground—an objection which

obtains against Borne forms of rakes. By the arrangement here adopted, due

strength can be given to the tines without increasing their pressure on the

land; and the whole, by a simple system of levers, are easily thrown out of

contact with the material operated upon. In fig. 430 we give a perspective

auuu cocji: krba; »s< « uoKst-HAtt

view of this machine, in fig. 431 a plan of half, in fig. 432 a side view, and
ni fig. 433 a vertical section through the dotted central line at m in rig. 431.

1144. The following is a description of the arrangement and operation of the

various parts : The frame a a, fig. 430, and shafts b, are made of wrought-iron,

aud are mounted upon wheels e e, 1 foot 7 inches diameter, these being capable
of being raised or lowered as required. A central bar or axis d d, fig. 431,

connects the two side-frames a «, and carries a series of bosses e e, &c. These
bosses are provided with projections at the two extremities of the diameter,
to which the tines //, &c. are bolted on one side, and the counterbalance-

weights and levers g g, &c, on the other.
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1145. The tines

/

f, &c. rest upon a bar h h, fifr. 431, parallel to the axis dd;
four It'vers iiii are provided with eyes through which tlio central axis d passes.

4

1

f f ^
u> u

n

1

r
i

. L.I.I .1

rrrrrrn
IliM of Mrayrt mci iiaimr-it***-

icuj, J im-ii io TUi rxor.

The extremities of the longest arms of these levers are fixed to the har h h,

those of the shortest arms to the har k k. To llie centre of this har k k a lever,

lip. 432, is jointed, the upper extremity of which is jointed to the main handle

or working-lever k k.

114)5. A Yheii it is required to lift the tines (tut of contact w ith the ground, the

outer extremity of the lever

k k, fig. 132, is depressed
;

this hears down the lever t\

which, acting on the bar £ 1%

lig. 431, depresses it, and
with it the short arms of the

level's / /, the long arms of

which are raised, ami with

them the har h h, on which
the tines f f rest. From the

action of the eouuterhalaiice-

weights ff (/, tlie tines are raised with great ease. As they pass upwards
lliev are cleared from tie- hay hy the action of the clearer-rod / /, lig. 431.

1 117. Where the pressure of the tines on the land is required to he increased,

the counterbalance-weights are
n--. >'••-.

(

attached to the levers, as shown
in lig. 434, a joint being made
at a to enable the weight b and
lever r to be turned back, rest-

ing upon the tine (Id, as shown
by the dotted lines. Another
method of adjusting the pres-

sure on the tines is shown at

lig. 43o, where the weight a is adjusted at any point of the length of the lever
/; by the pincli mg-MTew r.

114S. With a lake 7 teet U inches wide, llie price of the implement is
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£7, 10a. ; when the width of the rake is 9 feet 3 inches, the price is £6, 15s.

The price of the shifting counterbalance-weight, as in fig. 435, is 8s. extra.

1149. The Hay-tedding Machine.—We have now to notice the hay-tedding

machine, which is extensively employed by the English farmers in the prepa-

ration of meadow-hay, prepared from the mixed natural grasses, in contradis-

tinction from the artificial rye-grass and clover hay. The modes of saving or

winning these two kinds of hay are different even in England, where hay-

making is best understood ; while in Scotland all hay-making is decidedly

bad, rye-grass hay being the chief kind of hay in Scotland. But it is highly

probable that rye-grass hay might be prepared by the English method, greatly

to the advantage of its nutritive qualities.

1150. The chief objection to the hay-tedding machine in Scotland is, that,

in the peculiarity of its action, it scatters the seed out of the rye-grass. Tho
objection originates in the perseverance of a bad method of raising hay. When
the rye-grass is allowed to stand so long before it is mowed as to ripen its seed,

it has stood too long to become good hay. When the rye-grass is mown in its

best state for hay, there is no seed in it to scatter abroad. When rye-grass is

grown for the sake of its seed, it should be treated in an entirely different

manner from what it should be when made into hay. The tedding-machine, in

truth, is just as capable of making good hay in Scotland as in England.

1151. The English Hay-tedding Machine.—A form of this machine is given in

perspective in Plate XVI., fig. 2, consisting of a skeleton carriage, and having a
series of revolving rakes occupying the place of the body. The carriage is com-
posed of the transverse bar a, 6 feet in length, into which the horse-shafts b b

are tenoned. An iron stay-bar c c on each side connects and supports the shafts,

and the stays are continued backward, and attached to the centre of the box
that carries the axle of the carriage-wheel on each side. The length of the bars c,

from a to the centre of tho axle-box, is 3 feet 10 inches, and the bars are 2^ inches

by £ inch. The carriage-wheels d d are 3 feet 10 inches diameter, and turn upon
arms cast on a circular box, into which the nave of the wheel, armed with a
ratchet e, is received. The ratchet-wheel c, thus attached to tho nave of the

carriage-wheel, takes hold of the spur-wheel / by means of a pawl, and carries

it round when the machine advances, but slips hold on backing or turning. The
spur-wheel/works into the pinion g, winch is mounted on the end of the hollow
shaft A, extending from side to side of the machine ; and though in the figure,

for the sake of distinctness, the spur-wheel and pinion are exposed to view, they
are in the machine closely boxed up in a cast-iron casing, which, for perfect

and safe working, is necessary to prevent entanglement from the hay falling

between the wheel and pinion. A connecting-bar of 1^ inch round iron passes

through the hollow shaft h, and has its end fitted tightly into the outward side

of the case that contains the pinion g, and there fixed firmly with a screw-nut
on the outside of the case ; and tho hollow shaft and pinions being firmly

connected by thin flanges (which are left out of the figure), they revolve round
the central rod or shaft as one body, the rod having turned bearings where
the pinion embraces it.

1152. Tho two rake-wheels i i are 2 feet 8 inches diameter, and of very
light construction

;
they have eyes sufficiently large to pass over the end flanges,

of about 6 inches diameter, of the hollow shaft A, to which the pinions g are

attached by means of their flanges
;
and, to fill up the large eyes of the rake-

wheels, the shaft h is swelled out at the points of bearing. The rake-wheels,

fixed dead upon the shaft /», are now armed with the eight rakes k k ; these are

wooden bars 5 feet 6 inches long, and 2\ inches square, each carrying ten light
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iron teeth, about 7 inches in length. The rakes are attached to the wheels

by a tumbling-joint m, and are held to the work by the springs / I only
;

by which arrangement, when any undue resistance is opposed to a rake,

such as a stone or other obstruction, the rake falls back till the obstruc-

tion has been passed, when the springs immediately return it to its working
position.

1153. It will be observed that there is no thorough-axle in the machine, as

the revolution of the rake occupies the place where that member should exist

;

hence the axle-arms or heads are simply studs projecting from the box which
contains the machinery efg, and hence also the necessity for the connecting-

bar which passes tlirough the hollow shaft
;

that, together with the transverse

bar a and the stay bars c c, being the only parts which constitute the frame-

work of the machine.

1154. Besides the capability of backing, without turning the rakes, there

is provision for disengaging them when the machine is advancing. To effect

this, the pawl which is attached to the spur-wheel /, for the purpose of deriv-

ing its motion from the ratchet-wheel e of the nave, is held in action by means
of a spring pressing on the tail of the pawl, and the disengagement of the whole

machinery from the carriage-wheel or first mover is effected by a small tumbling-

lever affixed also to the spur-wheel, and fitted to bear upon and throw the pawl out

of gear with the ratchet of the carriage-wheel nave. The machine is also fur-

nished with the means of elevatiug and depressing the centre of the revolving-

rake, and, of consequence, bringing the rake-teeth nearer to, or farther from,

the ground, and this is effected by turning round the circular boxes that contain

the gearing to the extent required, which is then fixed by meaus of a quadrant

l>olted to the bars c c ; a small portion of this quadrant which is a jMirt or

flange of the gearing-box, is seen with its bolt-holes at e on the left, and at ion

the right of the figure.

1155. When in operation the machine is drawn by one horse, or sometimes

two horses, and the result of the combination of the gearing is, that the

revolving - rake makes 4^ revolutions for one of the carriage - wheel. The
latter, being 3 feet 10 inches diameter, will pass over 12 feet or thereby in

one revolution, and the rakes being 4 feet 6 inches diameter over the extreme
points of the teeth, will describe a circle of about 14 feet in circumference,

and this revolving 4£ times for one of the other, the points of the teeth will

piss tlirough 63 feet while the carriage has moved over 12 feet, and as there are

eight rake-heads, there will be 8 x 4.5 = 36 contacts with the substance which
is to be lifted, in a space of 12 feet, or one at every 4 inches. From this

calculation it will be seen that the hay under the operation of this machine
will undergo a process of teazling or tedding of the most perfect description

;

it will be separated and tossed about until no two 6tems of the plants will be
left in contact, and by this exposure the drying process is effected in a period

greatly shorter and more effectually than could be dono by any number of

hands. Thus, if we suppose the horse to walk 2^ miles per hour, and the

machine to cover 6 feet in breadth, we have a surface of 1^ acre nearly covered

in an hour.

1156. Smith and Ashby's Hay-tedding Machine.—We have now to illustrate

and describe a hay-tedding machine which enjoys a high reputation—namely,
that of Messrs Smith and Ashby of Stamford. Of this we give a perspective

view in fig. 436. By referring to fig. 2, Plate XVI., the reader will perceive

that the rakes k k are in one piece, stretching from side to side of the

machine. In the improved machines, as in fig. 436, the rakes are fixed to
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two sets of revolving frames, each frame being worked by separate gearing at

end of the machine. By this arrangement, when turning, the outer

Fig. m.

wheel keeps one-half of the rakes in motion
;
whereas, in the old method, in that

above noticed in par. 1151, wherever the turning occurred in the working-

wheel, the machine necessarily missed its work.

1 157. In the early machines, " tedding," or turning the hay under and com-
pletely over the machine, was the only operation intended to be performed by
them. Now, however, another process in hay-making by machine is required,

namely, slightly raising from the ground and scattering behind the machine
the hay which was deposited by the complete turning-over action of the

machine in the first instance. There are thus two actions—one the " forward,"

in which the hay is lifted from the ground and turned completely over ; the

other the u backward," in which the hay is scattered very lightly from behind the

machine, not turned over. Messrs Smith and Ashby's machine is furnished

with this reversing action.

1158. In the machine now under consideration, each tine in the revolv-

is supported by double bearings of wrought-iron, and is fitted with

the crops totwo strong steel springs : this arrangement enables

be thrown up without clogging. In fig. 437 wo give a

detail figure of a tooth or tine. Part of the tine or tra-

verse bar, which supports five teeth (as shown in fig.

436), is shown at a b ; c d is part of a spring, the end of

which towards d is fixed to the head of the preceding

cross or traverse bar, the other end being free, and press-

ing upon the shoe e /; g is the tooth or tine resting

upon the spring : its upper end passes through the bar

a b and the iron shoe e f, and is secured by a nut as

shown. The traverse bar a b is jointed at the ends to

the radial bars of the revolving frame, so that it is

capable of being moved round in manner like a shaft,

extremity of the tooth g and pulling it outwards, the bar a b rotates on its centre,

and makes the point t of the shoe / describe an arc of a circle, the end of the

spring c still pressing upon the back of the shoe till the outer point/ comes
in contact with the end of the spring c. In this position the end of the tooth g is

placed upwards, the assemblage of teeth on the cross bars being ready for work

IT
>t MITIl »*I> AaHBT's n*r-
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By taking hold of the
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as shown in fig. 436. When the tines meet any obstruction while workiug,

the springs give way ami allow the points of the tines to pass over. In addi-

tion to those two jM)sitions of which the tines are capable, a third can be given

to them by carrying the bar a 6, rig. 437, further round in the direction of e.

1159. The driving-gear is very similar to that of the machine in fig. 2,

Plate XVI. In fig. 438, which is part of a longitudinal section of Messrs Smith

and Ashby's machine, now under consideration, a shows the lever (broken oflTt

which is within tho control of tho driver. This acts upon a long rod, winch passe*

through the hollow main-shaft, and moves the wheels at each Hide of the

machine, and puts them at the same time in and out of gear.

1160. Another feature in the machine is the mechanism by which the revolv-

ing frames are raised from or lowered to the ground as desired. This is shown in

fig. 438. To the bracket c, attached near the end of the driving-shaft A, and which

is strengthened by the triangular stays as shown, an endless screw works ; this

engages with the teeth of a segmental rack b, the spindle of which works on a sni<l

in the bracket c. To the end of the spindle of this rack a lever d is keyed, the

upper extremity of which is jointed to the end of tho lever e. The further

extremity of this lever c is jointed to a stud f fixed in the case or cap <7, which

contains tho driving-gear that gives motion to the revolving frames. By working

the handle of the endless screw in one direction, the end of tho lever d is made

to traverse outwards towards 6, pulling the lever c, and causing the stud /
and the caso to which it is attached, to move towards b : this raises the central

shaft of the revolving frames further from the ground ; but by turning the handle

in the reverse direction, the end of the lever d moves inwards from the point

6, and, pushing the stud/ in the direction opposite to b, tho central axis of the

revolving frame is placed nearer to the ground.

1 161. In this form of hay-tedding machine, the length of the tine-bare, sup-

porting each five tines or teeth, is 2 feet 6J inches, the section of the bar being

2 inches by 1 inch. Tho bars are placed in a circle, as shown in the perspec-

tive, fig. 436, eight bars being the number in each circle, 1 1 \ inches l>eing the

distance between the bars. The distance between the two frames bearing the

tines is 4 inches—the total breadth taken up by the two frames being thus

5 feet 5^ inches. Tho driving-wheels are 3 feet 9 inches in diameter ; tho tine-

is made of wrought-iron,
1
J in breadth and § inch in thickness.

1162. Malleable iron being used principally in tho construction of thin

maclunc, it is at the same time light and strong.

1163. The nave of the travelling-wheel is formed so as to hold a supply of

oil, and is rounded off to prevent hay lodging.
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1164. The price of Smith and Ashby's hay-tedding machine is £15, 15s.

1165. Thompson's Hay -Tedding Machine. — Of the numerous varieties of

recently-patented " tedding" or hay-making machines, we select for illustra-

tion that of Mr H. A. Thompson, of Lewes, as exhibiting some commendable
features in mechanical construction and arrangement, and of which, in fig. 439,

we give a side elevation, drawn to a scale of half an inch to the foot. In

FlK. W.

Fig. m.

, J
i»irn to

tig. 439 a a are the travelling-wheels, b b the horse-shafts, c c the cap or case con-

taining the gearing, d the shaft of the tine-barrel e e
y ff the tines, g g the set

screw by which the height of the tine-barrel t e from the ground is regulated.

1166. The principal feature in the

machine is the adaptation of solid

axles to the travelling and working
gear; these revolving in bearings

capable of adjustment, so that as the f
parts of the working gear are affected

by wear and tear, they can be readily 1

readjusted to work efficiently to-

gether.

1167. In fig. 440 we give a trans-

verse section, showing the working
parts: a a part of the travelling

wheel, which is keyed on to the solid

axle b 6, on which two journals c and d
are turned down. The axle revolves

in bearings e f, e f, capable of ad-

justment, as the journals wear, in the

manner usually adopted in machine
and mill gearing. These bearings

are attached to the gear-box g h i,

which forms part of the framing of
the machine. To the axle c 6, d b

y

a spur-wheel jj is keyod ; this en-
°"«<>»™*™-t*^u~m~

gages with a pinion £, forming part of the hollow barrel / /, which carries the

BE is it
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Klg. 44L

forks or tines //, fig. 439. wi wi, fig. 440, is the axle-bar on which the fork-

barrel J I revolves.

1168. In the machine now under consideration, the reverse movement of the

fork-barrel I lj fig. 440, is obtained by the intermediate pinion n ; this revolves

in and slides along the bolt or stud o, and is placed in and out of gear by means
of the clutch-lever p, jointed at its lower extremity to a stud r attached to the

gear-box g h i. The pinion k is kept in gear with the wheel jj by the locking-

piece s. A light cap 1 1 covers the projecting parts, and prevents hay entan-

gling in them.

1 169. In fig. 441 we give a drawing of the side elevation of the gear-box a a,

with the cap / *, fig. 440, re-

moved, b by fig. 441, are

the two projecting pieces,

between which the bearings

or bushes—in which the

journals c doi the shaft c 4,

d t% fig. 440, revolve—art'

placed. The bearings or

bushes e /, e /, fig. 440,

are inserted in their place

through the aperture c, fig.

441, left in the side-frame,

which is filled by a square

projection attached to the

lower coupling-piece d d.

To allow of the necessary

adjustment of the distance

of the tines from the

ground, and to attach the

frame that carries the shaft, the ends of the frames e « are each formed into a

circle, which embraces a projection on the side of the gear-box a a, and kept

in position by projecting snugs//. The lever g, and g g, fig. 439, is attached

to the gear-box, and, by adjustment of the screw at its outer extremity, the

centre of the shaft of the fork-barrel is raised and depressed, thus bringing

the tines further from or nearer to the ground.

1170. It is obvious that the form of tine, as in fig. 2, Plate XVI., which is

capable of turning over the hay under action of the forward movement of the

fib.«s. machine, noticed in the beginning of paragraph

a. ^.- '
"""

6 1157, will not be well adapted for the more

simple action of the reverse or backward move-ri r ment. To adapt the fork or tine to its double

\/7 duty, Mr Thompson has introduced the form

]// illustrated in fig. 442 : one of the tines, c, is

curved in the usual way ; the other, d, is straight,

or but slightly curved. The tine c presents a

curved surface in revolving in the direction from

b to a ; but the tine d presents only a very slightly

curved surface when revolving in the opposite

direction from a to b. In place of forming the

double tine by welding or connecting the two tines c d together, the two parts

may be made solid by a thin web of metal as at e.

1171. The price of Thompson's hay-tedding machine is £15, 15s.

*n not ur hat l euMNii

WACUIKK.
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1172. Nicholson's Hay - tedding Machine. — The principal feature in the

mechanism of the hay-making machine invented by Mr William Newzam
Nicholson, of Newark, and which took the principal prize at the meeting of the

Royal Agricultural Society at Salisbury in 1857, is the substitution of annular

gearing, by which the reverse motion of the fork - barrel or frame is ob-

tained in place of the intermediate pinion as used in the machines generally

employed. The axle-box is in the form of a drum, a a, fig. 443, or cylindrical

case, to the outer periphery of which the spokes of the main driving-wheel are

fixed. This case contains an annular-wheel b ft, and a spur-wheel c c, these

being fixed to opposite sides of the case ; d d the main axle. The axis g g of

the fork-carrying-wheel is supported in the cylindrical casing at a point above

and to the left of the central axis of the driving-wheel. To the axis of the

fork-carrying-wheel two pinions, e e,ff, are keyed; one of which e e engages

with the spur-wheel c c, the other // with the annular or internal wheel b b

of the cylindrical case or axle-box a a. When the machine is merely travel-

ling from place to place, and the forks not required to be in operation, none
of these pinions engage with the spur or annular wheel, but are kept in a

position midway between them, as shown in the figure ; but by moving the

fork-carrying axis to tho right, the pinion e e is put in gear with the spur-

wheel c c which gives the fork-carrying axis gg the forward motion; by moving
the axis g g to the left, the wheel cc is taken out of gear with tho spur-wheel

c c, and the pinion// put in gear with the annular-wheel b 6, when the fork-

carrying axis g g has the backward motion. Tho fork-carrying axis g g is kept

in any of the three positions by the catches g g.

1173. The position of the axis g g, relatively to tho ground, is changed by a

simple arrangement. The inside cover of tho axle-box is lengthened out so as

to form a long lover ; the extremity of this is finished with a small segmental

rack
; a pinion with two or more teeth engages with tiiis, the spindle to which

the pinion is fixed being worked by a small lever. To work both sides of the

machine simultaneously, the rod carrying tho pinion is extended across the

machine, and a similar apparatus is provided at the other side.

1174. A commendable feature in Nicholson's hay-tedding machine is the

employment of tubular iron for the shafts.

1175. The price of Nicholson's hay-tedding machine, with patent tubular

shafts, is £15.

1176. The Rick-Cloth.—The rick-cloth is an important articlo in tho English

fanner's stock in trade, not so much for its value as for its usefulness, and the

extension of its use amongst farmers in general is a matter deserving of consi-

deration. It is of essential service to the hay-maker on the English system in
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the building of his large hay-Btacks or ricks, since by its "use, when Bpread

over the stack, he is independent, in some degree, of changes of weather, as it

forms a sure defence against rain, should that overtake him in the midst of his

% operations. We are happy to be able to say, that the rick-cloth has been used

iu some parts of Scotland for several years past.

1177. Fig. 444 is a representation of a hay -stack in progress of erection,

with the rick-cloth pitched over it, exhibiting the mode in which this cover is

applied, and wliich may be described as follows.

1 ill UOUl .r»l.li MUX * LIv.K-t.LulU OVa.fl i'MI till O* A 11»> i '.V Li * K IT M h t 1
1

I ly* i

1178. Two light poles or spars of a length that will rise 10 or 12 feet above the

intended height of the stack, are placed one at each end, and about 2 or 3 feet

distant from the ends of the stack ; these are supported by three guy-ropes, two

of winch, c c, Jig. Ill, stand opposite to each other, and the third b hi the direc-

tion of the length of the stack, the ends being all secured to wooden stakes, and

the fourth guy a a is common to both poles, extending from the head of the one

to that of the other. A third spar, equal in length to the distance between the

poles, is laid down either on the ground, if the stack is not yet begun, or in that

portion of it that has been laid down; and the two tackles d d, being previously

appended to the head of the respective poles, are hooked below to the third

pole, which is to form the ridge of the cover. The canvass covering, or rick-

cloth «, is now laid over the ridge-pole, with its middle bearing on the ridge-

pole, and, if necessary, lashed thereto. The pole and cover are then hoisted

tip to any desired height, forming a temporary but safe and water-tight roof

to the stack while it is being completed. The lower edges of the cloth

are secured by bracing lines / to the sides of the stack, or they may be

stretched out beyond these by means of the lines, and attached to stakes or

otherwise, after which, as the stack rises, another pull is made upon the tackles,

hoisting up the cover to afford sufficient space under it for the stack-builders.

1179. The figure represents one man in the act of forking hay from the

cart upon the stack, and another adjusting the hay with a fork over its surface.

11 HO. Bick -cloths of all descriptions and sizes are manufactured by Mr
Benjamin Edgington, 2 Duke Street, Southwark, London Bridge, London.

1181. Section Secono— Corn-reaping Machines.—The process of reaping
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the crop in the season of harvest is the most engrossing event of tlio agricul-

tural year, and that in which all the other operations of the farm may be said to

centre. It is not surprising, therefore, that, from the earliest periods in the

history of agriculture, there have been, from time to time, attempts made to

facilitate the operation of harvest by the aid of machinery, more or less com^
plex, for cutting down the cereal and leguminous crops. But it is a fact, not

less curious than unaccountable, that this operation of reaping, simple though
it may appear, continues to be almost entirely performed by the sickle and the

scythe. Reaping by machine, doubtless, is now gradually extending, and con-

siderable efficiency has been secured; but the attainment of a completely

effective reaping-macliiuo is an object yet to bo sought for. Previously to

entering into the description of the machines which have the highest reputa*

tion, it will bo appropriate to take a retrospect of the progress of mac!line-

reaping during the past half-century.

1182. Previous to the commencement of the present century, there had, even
from the period of the Roman greatness, been occasional attempts at the accom-
plishment of a process by which the grain crops might bo more expeditiously

cut down than by the Bickle ; but none, it would appear, had ever assumed such

a satisfactory form as to induce agriculturists to adopt them. Of the structure

of such abortive attempts at a reaping-machine, little information has come
down to us, and that little is vague and unsatisfactory. Nor is it of much
importance that wo are not in possession of direct information respecting them,
seeing that nothing effective had over arisen out of their attempts.

1183. Soon after the commencement of the present century, when agricul-

tural improvements were making progress in every direction, by the extension

of the use of improved machinery to the various branches of the art, the

important department of the harvest operation naturally occupied a share of

the inquiries then going on. Agricultural societies, too, by the offer of pre-

miums, called forth the energies of inventors, both amateur and practical, in

this particular line.

1 184. Boyce's Reaping-Machine.—Very early in the century we learn of Boyce's

reaping-machine, for which he secured a patent. This was based on the revolv-

ing-cutter principle ; but the revolver was armed with a series of short scythes,

which cut the corn as the machine moved along. It was destitute, however, of

a proper apparatus for gathering and dejx>siting the corn after being cut, and
hence it never reached any degree of success.

1185. Plunked Reaping-Machine.—About the same period, one Plunket, a
London implement-maker, made a similar attempt, also on the revolving prin-

ciple ; but in place of the scythe of Boyce, he adopted a circular cutter, toothed

like a fine saw or sickle. Being destitute, also, of a proper gathering apparatus,

this machine acquired no reputation, and speedily was laid aside.

1186. Gladstone's Reaping-Machine.— Nearly about the same time, 1806,

Gladstone, a millwright, of Castle-Douglas, Kirkcudbrightshire, brought out a
reaping-machine that excited much interest, and possessed considerable promise.

Its principle was the revolving circular smooth-edged cutter, supported in a car-

riage-frame, with two main-wheels only. A pair of long horse-shafts projected

forward at one side, so that the horse walked alongside the standing corn—thus
drawing the machine. The circular cutter was ingeniously overlapped by a sort

of shield, armed with pointed prongs, projecting in front ofthe cut ter, which serv ed
to collect and to hold the straw until the cutter had done its work. A compli-

cated and peculiar apparatus was applied as a gatherer, to collect and deliver the

cut corn in small parcels like handfuls. This machine, as given in the Farmer's
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Magazine, vol. vii., appears to have possessed great ingenuity of contrivance as a

whole. Its cutter also appears to have been fonned on a sound principle ; and

it was, besides, provided with an apparatus by which the cutting edge could be

whetted as often as necessary without stopping the action of the machine. Its

gathering apparatus, however, carries too conclusive evidence that upon that

member of the construction the whole design had failed, and the machine sank

into oblivion like its predecessors.

1187. Salmon's Reaping-Machine.—At a still later period Mr Salmon of

Wobura brought out a reaping-machine, under promising circumstances. In this

there appears the first indications of a cutter on the clipping principle, com-

bined with an apparatus for collecting and delivering, that promised to lay the

cut corn in parcels like sheaves ready for binding. Although this invention

seems to have been brought out under the most flattering hopes of success, it

does not appear to have ever obtained the approbation of the class for whose use

it was intended, and has been, like its precursors, almost forgotten.

1188. ScotC8 Reaping-Machine.—We may advert to one or two others in their

proper order of date : of these the first is that of Mr Scott of Ormiston, East-

Lothian, factor to the Earl of Hopetoun, an amateur mechanician of no small

merit. During the war, in the early part of the century, he had directed his

mechanical views to the construction of self-acting floating-machines or vessels

for the purpose of disabling or destroying the fleets or ships of the enemy by

stratagem. With the peace of 1815 he found that "occupation gone," and very

adroitly turned his talent towards more peaceful objects. Amongst these came his

reaping-machine, which, like most others, as we well remember, was an object

of considerable interest for a time, although it ended in a failure, like those that

had gone before. Mr Scott's machine had a cutter acting on the revolving prin-

ciple, though not a circular cutter, but a wheel carrying sixteen small-toothed

sickles, and had projecting prongs in front of them, like Gladstone's. He had

copied Mr Smith's imperfect gatherer (an inverted conical drum), but added to it

twenty-four jointed prongs or fingers, acting in the form of collectors or rakes,

which were expected to convey the cut corn from the cutter to the ground. Tliis

machine was supplied with other contrivances, such as a brush to keep the cutters

free of stubble or weeds, which might otherwise have stopped their proper

action ; but with all these precautions and auxiliary appendages, it is known
that the machine never performed beyond a mere trial.

1189. Ogle and Brown'* Reaping-Machine.—About 1822, Mr Ogle, at Rening-

ton, near Alnwick, invented a machine, by which lie and a Mr Brown of Alnwick

engaged to combine every act of reaping, except binding and placing the sheaves

in stook. This machine is reported to have performed very satisfactorily in the

field upon wheat and upon barley ; but in consequence of no encouragement being

given to the makers, the manufacture of the machine was dropt after the first

complete specimen was made. The inventor, in 1826, published a drawing and

description of the machine in the Mechanics' Magazine, vol. v., from which the

following abstract is taken. Tho framework or body of the machine closely

resembled a skeleton ofa common cart, with its wheels and shafts, to the latter of

which the horses were yoked to draw the machine, walking by the side of the

standing corn. To the right of the carriage was projected the cutting apparatus

—

a light frame, whose front bar was of iron, and armed with a row of teeth 3 inches

long, projecting forward ; immediately upon these teeth lay the cutter, a straight-

edged steel knife, equal in length to, and a little more than the breadth of the

corn to be cut at one passage. By a motion from the carriago-wheels, this

knife was made to vibrate rapidly from right and left, as the machine travelled.
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Above, and a little before the cutter, a fan or vane was, from the same source,

made to revolve, which thus collected and held the corn to be cut by the knife

;

and, on being cut, was by the vane carried backward, and laid upon a deal

platform immediately behind the cutter : here, by the assistance of a man with

a rake, it was collected to the extent of a sheaf, and then discharged.

1190. There is here observable a very curious coincidence in the almost

perfect sameness, in every point, between Ogle and Brown's machine and one

of the American reapers, Mr M'Cormick's, to be afterwards noticed ; the simila-

rity is so perfect, that the description of either would suit equally well for the

other. But the curiosity of it is lessened from the consideration that similar

coincidences are not uncommon amongst mechanists.

1191. Kerr'8 Model of a Reaping-Machine.— A case of this kind actually

occurred at the period of Mr Smith's invention of his reaping-machine, in Mr A.

Kerr, of Edinburgh, having produced a small model proposed as a reaper, in

which the cutter and gatherer were exactly on the same principle as those of Mr
Smith, and were admitted to be so by that gentleman. Kerr's model exhibits

these two members precisely as admitted ; and placed within them is a pair

of small wheels, which are all that appears for a first mover. That such

wheels could ever have served the purpose of impelling the action of a

reaping-machine seems altogether improbable, though very applicable as an

auxiliary to support the cutter at a proper height. To this defect it is easy

to ascribe the failure of Kerr's machine, when extended to a working size.

1192. It were easy to multiply the competitors in this field of invention. At
the periods above spoken of, the aspirants were numerous

;
but, with the excep-

tion of the four principal reaping-machines, yet to be noticed, none seem to have

proceeded much beyond the formation of an imperfect model.

1193. Mr Smith of Deanston, afterwards bo well known as an agriculturist,

came on the field with his reaping-machine in the year 1812 with very con-

siderable promise of success. Mr Smith, having been well trained as a mecha-

nician, and being conversant in all the mechanical inventions and applications

of machinery of the period to various manufacturing purposes, and having, of

course, observed the numerous and successful applications of rotatory motion

in preference to any kind of reciprocating action, wherever the former could be

applied, was very naturally led to the adoption of tho continuous rotatory action

in the construction of a reaping-machine. This principle he accordingly did

adopt, and, although his first trials were not altogether successful, they were

such as led to a series of improvements that brought the machine, as we shall

• see, to a degree of efficiency which promised ultimate success. The Dalkeith

Farming Society had previously offered a handsome premium for tho invention

of an effective reaping-machine, and Mr Smith became tho only competitor in

1812. In the following year the machine, in its improved state, was again

exhibited in operation before a committee of the Dalkeith Club, when they,

although not considering it entitled to the full premium, voted to Mr Smith a

piece of plate, value fifty guineas ; and shortly after, the Highland and Agri-

cultural Society having appointed a committee to examine and report on its

efficiency, found that report so satisfactory that a piece of plate of fifty guineas'

value was in like manner voted to the inventor, and at the same time a complete

model of tho machine was lodged by Mr Smith in the Society's Museum, which
is now transferred to the Technological Museum.

1194. Smith
1

s Original Reaping - Machine.—In its original form, this machine

consisted of a horizontal wooden frame of about 7^ feet long and 3 feet

wide. Beneath this was attached the main axle and pair of broad wheels,
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of about 5 feet in height, the axle turning with the wheels by means of Bpring

and ratchet, and carrying a spur-wheel, which geared into another fixtnl

upon a shaft placed above the wooden framo, and parallel to the main axle,

and thus gave motion to the succee<ling movements of the machine. Tlut*

last shaft carried a pair of reversed bevel-wheels, loose on their shaft, while

they continued both in contact with a third wheel fixed on a shaft, placed

horizontally above the frame; a sliding-clutch on the former shaft brought

either of the two bevel-wheels, at the pleasure of the conductor, into action with

that upon the horizontal shaft, by which arrangement that shaft was turned to

the right or to the left, or by placing the clutch so that neither was in contact

with it—the third wheel and its shaft remaining stationary. On the forward

end of the horizontal shaft was placed another bevel-wheel acting upon the

pinion of an upright spindle ; and this spindle, supported on the forward extre-

mity of the horizontal frame, assisted by a three-ribbed iron arch raised above

the frame, was, by means of the two bearings, kept sufficiently steady for its

duty of carrying the circular cutter at its lower extremity. Here, however, the

spindle had a further support from a pair of small wheels and frame, placed under

the foot of the spindle, and by a stay of iron proceeding front the liinder part

of the frame. The cutter, 5^ feet in diameter, was composed of thin steel seg-

ments bolted upon an iron ring, and this last was surmounted by an inverted

frustum of a cone, formed of sheet-iron, whoso lower diameter was 10 inches less

than the cutter, or 4 feet 8 inches, while its diameter at top was 5 feet 4 inches.

The front wheels under the cutter were only 14 inches diameter, and about as

much apart ; their duty was to keep the cutter at the regular distance from tho

ground to which it might be set for tho time being. The gearing above

described was so arranged as to bring out a velocity in the edge of the cutter,

such that, for every inch of progressive motion of the whole machine, any point

in the edge of tho cutter passed tlirough a space of 9 inches in its motion of

revolution. The machine was moved by two horses yoked to a pole fixed to

the wooden frame, and projecting from behind, so that tho horses pushed the

machine before them by drawing with trace-chains from a yoke-bar attached to

the end of the pole behind tliem. By means of the clutch and bevel-wheels the

cutter could be made to revolve to right or left, and the cut corn laid down

right or left accordingly ; convenient means wore also provided for placing the

cutter higher or lower at pleasure, by means of a lever that lifted or lowered the

cutter and conical drum, acted upon by a chain and screw, the latter brought

to a convenient point at tho end of the pole. In working, the grain was cut

regularly and well. The drum revolving with the cutter curried the cut corn •

round until it fell off at tho side of the machino in a pretty regular continuous

swathe.

1195. Smith's Improved Reaping-Machine.—The description here given applies

to Smith's machine, after it had undergone some improvements up to 1814;

from that period, at occasional intervals, it was brought out with renewed

hopes of success, until, in 1835, at the Highland and Agricultural Society's

Show at Ayr, it was exhibited in operation with remarkable eclat. Mr Smith

had now engrafted upon it an important addition, borrowed from a machine

which has yet to be described, invented by Mr Mann, Raby, Cumberland.

This was the attachment of a series of rakes placed vertically uj>on the

periphery of the original drum, the teeth of the rakes being about 6 inches

long. This served the purpose of a more certain conveyance of the cut com
to the place of delivery at either side of the machine. Although the applica-

tion of the rakes was less efficiently done than in the machine from which
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the idea was taken, their velocity being here the same as that of the cutter,

they nevertheless seemed to facilitate the process of gathering, which hitherto

had been imperfect. The experiment was made on a field of wheat in a fair

condition for being cut by a machine. The operation began, not at an outside,

as was usual, but right in the middle of the field, the spectators being placed

around the point of commencement ; and amongst these we had the fortune to

be placed. The passage of the machine through the field left behind it an
open lane, where nothing was at first observable but a bare stubble, the cut

com being all laid down at one side against the standing. Never, perhaps, did

an experiment come off with better effect or greater success; the general

impression was that the problem had at last been solved— that Smith's

machine was complete. Not so was it, however, in fact
;

for, notwithstanding

the striking effects produced by that day's trial, the machine remained, and to

this day remains, without making further progress.

1196. It is more than probablo that the failure of this machine rested mainly
on the following defective points—1st, From its great length and weight it was
unwieldy in all its movements

;
2d, From its great length, also, and from the

mode of attachment of the horses, together with the want of a swivel-carriage

either before or behind, it was defective in turning at a landing
;
3d, From the

small diameter of tho bearing front wheels, and especially from these being
placed nearly directly under the centre of the revolving cutter, tliis important

member, when these wheels fell into a furrow, ran right into the brow of the

adjacent ridge, and thus destroyed for the time its whole edge, its projection

before the wheels being nearly 2^ feet ; and 4th, It may be stated as an objec-

tion, that the price could not be much under £.50.

1197. Mann's Beaping-Machine.—The next important step in this direction

was taken by Mr Joseph Mann, Raby, Cumberland, who brought out a reaping-

machine in 1820, in the state of a working model, before the Abbey Holme
Agricultural Society, who expressed their approbation of the design, and advised
a horse-power machine to be constructed with some proposed alterations, one of

which was that the horses should push instead of draw the machine, the model
having been upon the drawing principle. These alterations seemed to have
turned out rather unsuccessful, for in 1822 a full-size machine was exhibited to

the same society ; but the mechanist having endeavoured to satisfy too many
opinions, his machine became so complicated that its success was doubtful, and
it fell aside till 1826, when Mr Mann returned to his favourite method of drawing
instead of pushing; and from this period to 1830 he was, from time to time,

engaged in completing his improved design, which, from his own statement,
at last possessed four principal points of a good reaping-machine : 1st, It

preserved the parallelism of the line of draught, though that draught was
applied to one of its angles in front

;
2d, A polygonal cutter

;
3d, The

gathering process from the cutter, performed by a revolving series of rakes
;

and, 4th, The process of stripping the rakes in such manner as to lay down the
cut corn in a regular swathe by the side of the machine as it progressed.

1198. Mr Mann's machine, possessing the above - described points, was
exhibited at tho Highland and Agricultural Society's Show, held at Kelso in

1832. On tliis occasion we had ample opportunity of studying its construc-
tion, and also witnossed its trial on a small portion of a field of oats, performed
under very unfavourable circumstances. The portion of the field acted upon
had been later than the other parts, hence it was left uncut, and still unripened,
and withal thought so worthless that cattle had been allowed to traverse it.

Nut notwithstanding all this, the macliinc performed the operation of cutting
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much better than could have been expected under the circumstances, wliile

the laying of the cut corn in the swathe was performed very regularly. In

working up-hill, and especially in crossing the ridges, its operation was less

satisfactory; and on the whole, although the trial called forth much approbation,

the judges could not take upon them to recommend a premium. Nevertheless,

it must be admitted that, making allowance for Mr Mann being only an amateur

mechanic, and having constructed the machine almost entirely by his own
hands, it could not be expected to be other than a rude specimen of mechanism,
and, therefore, not capable of doing all that the principles involved ought to

have brought out : it deserves, however, to be looked upon as possessing the

germs, at least, of the four points which its author held to be the ultimatum

sought for in a reaping-macliine. It is still our opinion also, in looking

back, that the principles of that machine, in the hands of an able mechanician

possessed of capital (for of that commodity, like many others of his kind, the

inventor was deficient), might have placed it foremost in the competition for the

solution of the problem.

1199. As it may be interesting to those who may yet turn their attention to

the construction of the reaping-machine, the following description is given

from the writer's original paper, published with drawings in the Journal of Agri-

culture, which for more minute details may be consulted by the machinist*

In Mann's machine, the cutting process is performed on the revolving principle

;

but instead of a circular cutter like Smith's, one of a polygonal form had been

preferred, having twelve equal sides. By this form of cutter the action upon

the standing com is somewhat different from that of the perfectly circular cutter

:

with the circular cutter the cutting edge is constantly and equally acting upon the

standing corn, but with the polygonal the effect is a rapid succession of strokes,

arising from the inclination of the cutting edges in the sides of the polygon to

each other
;

for, as will readily be understood, from the angles of the polygon

being farther from the centre of revolution than any point in the straight side

thereof, any opposing body, as a stalk of corn, will be forcibly acted upon when
the anglo is passing the stalk

;
and, if passing without completing the separa-

tion, the progressive motion of the whole machine will not only keep the edge

in contact through the first half of the passing side of the polygonal edge, but

as the next angle approaches the stalk, it will receive the more impressive

stroke from the remaining half side to complete the severance—and so of all the

rest.

1200. The cutter is formed in twelve separate segments of thin steel plate,

fixed upon the extremities of a corresponding number of horizontal arms

attached to a vertical revolving shaft. The joinings are formed by the ends of

the segments lapping over each other, and situate posteriorly to the angles of

the polygon in relation to its motion of revolution. The segments of the cutter

were attached to the revolving arms by means of a slender slide-bar of iron,

riveted on to each end of the segment ; and these sliders, two together, being

those of the contiguous ends of two segments, were passed through a clasp in

tho ends of the arms and there secured by a pinching-screw. This mode of

attaching the cutter rendered the removal for sharpening extremely convenient,

as a whole spare set of the segments could be carried with the machine, the

change of tho one set for the other being capable of accomplishment in a few

minutes. Tho cutter, when completed with all its segments, was Ah feet

diameter ; and taking the rate of progressive motion at 2^ miles per hour, the

•

• Journal of A'jriculturt, vol. i. p. 250.
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cutters made 175 revolutions per minute, which corresponds vory nearly with

the rate in Mr Smith's machine.

1201. The framework of Mann's reaper was of rather irregular construction :

in plan its form was that of a trapezium, the sides parallel, the back at right

angles to them, and the front side had the acute angle at the left or nigh side,

and to that the draught was applied by means of a pair of horse-shafts. Tliis

framework was supported on three principal wheels : of these, two had a dia-

meter of 3 feet, one being on each side towards the roar, but that on the off-side

about a foot in advance of the other, and from the axle of it alone the move-
ments of the working parts were derived. The third wheel had a diameter of 2

feet, and was attached to an upright, or rather a sloping swivel-shaft, placed in

connection with the acute angle of the framework, and to which the horse-

hhai'ts were firmly attached—making thus to the machine a swivel or fore-

carriage, by which it could be directed or turned round in a small space. A
fourth and much smaller wheel or roller worked in the fore-end of the perch that

extended from the lower part of the framework, and on which rested the foot of

the cutter-shaft directly over this fourth wheel ; but of its utility there are doubts.

1202. One of the peculiarities of this reaper was the application of the revolv-

ing rakes to gather the corn as it fell from the cutter. This was accom-

plished by the construction of a skeleton cylinder, placed over and revolving

concentrically with the cutter upon the upright shaft of the latter, but inde-

pendently of it, and with a different velocity. The cyclinder was mounted with

25 rakes attached to it in a vertical position, each rake having 10 teeth of about

6 inches long. The revolutions of the rake-cylinder were made in the same
direction as the cutter, but at a rate only as one to seven of the latter—namely,

about 28 per minute. To complete the gathering part of the process, a second

and fixed rake or comb was attached in a vertical position to the near side of

the framework. The wooden teeth or prongs of this comb were of considerable

length, and were projected horizontally between the lines of teeth in the revolv-

ing rakes. In the latter, also, a ring of light wire was carried round each row
of the teeth horizontally, having an attachment to every tooth about 2 inches

from its root ; and as the point of the prongs of the comb lay within or nearer

to the centre of revolution than those rings of wire, not a single straw could

escape the comb, but evory straw was regularly stript from off the rakes as it

came round. The cut and gathered corn was thus regularly laid down in a

continuous swathe, the stalks of grain lying parallel to each other, and nearly

at right angles to the line of progress of the machine.

1203. The gearing of this machine was extremely simple. On the axle of

the off-side carriage-wheel, already alluded to, was fixed a bevel-wheel of 56
teeth, which acted on a horizontal wheel of 28 teeth ; and upon the vertical

shaft of this last were mounted two pitch or chain wheels, the one of 8 teeth,

the other of 28 ;
these, by means of two pitch chains, acted upon two other

wheels of 21 and 9 teeth respectively, placed upon the rake-cylinder and upon
the cutter-shaft, bringing out the velocities before named for the two members.

Besides these active motions, there was provision by means of levors, by which
the height of the stubble could be regulated almost instantaneously, and the

revolving parts thrown out of gear, and also for raising or depressing either side

of the machine to suit the rounding of ridges and deep furrows.

1204. The power required to draw this reaper was one horse, and with this it

cut down a breadth of 3 feet
;
so, taking its rate of travel at 2£ miles per hour, its

performance, by calculation, is limited to 9 acres in 10 hours, or thereby ; but
in actual work it might not exceed 7 acres in tliat time.
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1205. Of all the reapers hitherto taken notice of in this work, it is believed

that not one of them was ever worked throughout a harvest. Even Smith's

and Mann's machines, which were the most perfect, do not appear to have been

worked beyond a few hours consecutively; their actual capabilities, therefore,

seom never to have been properly tested.

1206. Bell's Reaping-Machine.—The year 1826 may be held as an era in the

history of this machine, by the invention, and the perfecting as well, of a

really effective mechanical reaper. This invention is due to the Rev. Patrick

Bell, now minister of the parish of Carmylie in Forfarshire. The principle on

which its cutting operation acts is that of a series of clipping shears. When

the machine had been completed, Mr Bell brought it before the Highland

and Agricultural Society, who appointed a committee of its members to inspect

its operation in the field, and to report. The trials and the report being favour-

able, the Society awarded the sum of £50, to Mr Bell for his invention, and a

correct working-model of the machine was subsequently placed in the Society's

Museum. The invention shortly worked its way to a considerable extent in

Forfarshire; and in the harvest of 1834, we, in a short tour through that

county, saw several of these machines in operation, which did their work in a

very satisfactory manner. . Dundee appears to have been the principal seat of

their manufacture, and from thence they were sent to various parts of the country.

It is known, also, that four of the machines were sent to the United States of

America ; and this circumstance renders it higldy probable that they became the

models from which the numerous so-called inventions of the American reapers

have since sprung. At the great fair or exhibition held at Now York in 1851,

not fewer than six reapers were exhibited, all by different hands, and each

claiming to be a special invention
;
yet, in all of them, the principal feature

—

the cutting apparatus—bears the strongest evidence of having been copied from

Bell's machine.

1207. To enable our readers to form a just conception of the construction

and principles of Bell's machine, and to compare it with those now being

introduced after the American copy, a plate is given, showing a full view, in

perspective, of Bell's reaper in its most genuine form. The machine consists,

first, of an open carriage-framework of carpentry about 4 feet wide, the same in

length, and about 3 feet high, marked a a in fig. 1, Plate XX. This is sup-

ported on two principal wheels b b, about 4 feet in diameter, and two minor

wheels c c, 18 inches in diameter, supporting the fore-part of the carriage, to the

front bar of which the cutting apparatus is attached. The axle of the main

wheels b b passes quite tlirough the carriage-frame, and supports it by turning

in bearings fixed to the middle horizontal bars, on either side. On this axle is

fixed a bevel-wheel c, 20 inches in diameter, turning with the main wheels and

axle, and gearing into the bevel-pinion/, fixed upon the sloping shaft g, which,

at its lower end, carries a short crank h. Tins last, by means of tho connecting-

rod i, givos the vibrating motion to the cutter-tail bar it, to which bar the tails

of the movable blades of the series of shoal's are loosely jointed.

1208. The bevel-wheel e gives motion also to tho small sloping shaft l
y
through

a pinion not seen in the figure ; and at the upper end of this shaft, by means of

the two small mitre-wheels m, motion ia given to a small horizontal shaft p, on the

end of which a combination of three bevel-wheels and clutch at q gives motion

to the first web-roller, making the web o (which is hero represented as torn off

to expose the parts below) revolve to right or left, as desired. The web o, when

in action, is stretched over the two rollers n n. The light iron bars v v serve

to carry the revolving fly w or vane to collect and carry the cut corn to the web.
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The vane w derives its motion from a pulley fixed on the extreme end of the small

shaft py
another, x, being fixed on the extremity of the axle of the vane w ; and a

small band passing round these pulleys completes the motion. The vane w iR

readily adjustable upon the light arms v r, to suit any height of grain, and also

in distance horizontally, to suit the delivery of the cut grain upon the web o.

1209. Tlus machine is worked by two horses, pushing it before them by means
of the pole *, to which they are yoked by tho common draught-bars, fig. 288.

1210. In its original form, a castor or swivel-wheel was attached under the

machine, and brought to bear up the hind-part of it from the ground, by a rack

and pinion worked by a handle. The intention of this was to obviate a sup-

posed difficulty in turning the macliine. Experience, however, has shown that

the supposition was groundless. The swivel-wheel has been laid aside ; and as

one of the main wheels necessarily required the convenience of being disengaged

from the gearing that drives the cutter, &c, the same disengagement serves to

make the macliine turn with all requisite facility.

1211. The cutter consists of a fixed bar of iron r r, 6 feet in length, so that it

projects over and clears a passage for all tho bearing wheels and other project-

ing points in the machine. The bar is strongly attached to the fore-part of the

framework by two iron brackets, and to the bar are firmly bolted the 13 fixed

blades of the shears. The 12 movable blades are likewise attached to the same
bar, each upon a joint-bolt. Each of these last blades is prolonged backward
in a tail-piece, till they rest in the vibrating bar it, where the extremity of each

tail rests between two pegs, which serve as a securo but simple and loose joint

for it.

1212. Such are tho different motions of the machine, and, when in operation, the

effects are as follows : The driving-wheels b b being nearly 4 feet in diameter,

one turn of these carries the machine in its progressive motion over 12 feet of

surface. The bevelled-wheel and pinion e andf being in the proportion of 6 to

1, the crank and cutter-tail bar k will make six vibrations in the time that the

machine moves over 12 feet ; but as the movable blades of the shears cut both

ways, they will each make 12 cuts in tho same time, each cut extending to 12

inches forward ; and as tho cutting-blades are 14 inches long, the uncut corn

can never reach the root or joint-end of the shears, to produce choking.

The revolving vane w in front serves to catch hold of and retain the 'corn

against the onward pressure of the cutter, but their chief duty is to assist in

laying the cut corn upon the endless web o. T^ie duties of the web are very

simple, being merely to convey the cut corn to right or left, and to deliver it

upon the ground, which it does with a regularity perfectly sufficient for the pur-

pose of being gathered into sheaves.

1213. In the process of working this machine, Mr Bell's practice is to employ
one man driving and conducting the machine

;
eight womon are required to collect

the cut com into sheaves, and to make bands for these sheaves ; four men to bind

the sheaves, and two men to set the sheaves up in stooks—being in all fourteen

labourers, besides tho drivor of tho horses, wlioso time reckons along with

them; and the work performed averages 12 imperial acres per day. These
data have been obtained from fourteen years' experience of the machine, and
Imve therefore a strong claim upon the consideration of the farmer.

1214. The expense in money for reaping by such a machine will, of course, vary

a little with the rate of wages
;
but, on an average, it may bo taken at 3s. 6d.

an acre, including the expense of food to the workers. This, in round numbers,

may be taken at a saving of one-half the usual expense of reaping by hand, at

the lowest calculation; and tho saving on a farm where there might be 100
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acres of cereal and leguminous crop would do more than cover the price of a

machine of the best quality in two years.

1215. It is difficult to account for the reason why Bell's machine has not

been more extensively adopted. For a period of nearly twenty years it was

successfully used ; and yet it seems doubtful whether, with practical agricul-

turists, it has so high a reputation as its American rivals—the machines of

Hussey and M'Cormick—yet to be described. " There have always," says the

Report of the Royal Agricultural Society, on the exhibition and trial of imple-

ments at Chelmsford (1856), "been some points of excellence in Bell's machine

not shared by any other. The power of cutting in any direction, of delivering

the corn on either side, right or left, and of requiring no scytheman to prepare

its way, are advantages peculiar to this machine. These have hitherto been

considered as counterbalanced by the excessive draught of the machine, by the

liability of the delivery-web to become disordered, and by the labour and diffi-

culty of steerage. These drawbacks have, since last year, been in a considerable

degree removed. The delivery-web has been superseded by three gutta-percha

bands, which, without deducting from its former efficient delivery, has reduced

friction and greatly diminished draught. Other minor alterations have been

made, still further diminishing draught." The improvements here alluded to

have been introduced by Mr CrosskilL the well-known agricultural engineer of

Beverley, in Yorkshire. It is but right, however, to state that these modifications

on the original plan have been introduced without the sanction or approval, we

believe, of the inventor, the Rev. Patrick Bell.

1216. It now remains for us to describe the two machines which have been

most prominently before the public during the last few years—these being

known as Hussey's and M'Cormick's—Hussey's being manufactured by Messrs

Dray & Co., engineers, of Swan Lane, London Bridge, London ; M'Cormick's by

Messrs Burgess and Key, Newgate Street, London. These firms have intro-

duced great improvements in the machines which they respectively manu-

facture ; so much so, that there would be some difficulty in recognising in them

the same machines, the appearance of which, at the Great Exhibition of 1851,

created such an interest in the agricultural world. It is not now necessary for

us to describe and illustrate their early forms, so as to show the progressive

improvements which have been effected on them ; their present condition of

comparative efficiency, to which they have attained, by the exercise of much

patience and considerable skill by the parties who make them, being of greater

interest to the agriculturist.

1217. Dray's Hussey's Reaping-Machine.—In fig. 445 wo give a perspective

niAi'a nuantT'* ni.iii o uaruiKB id r»H«r«<-rtv«
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Ft* 44*.

view of Hussey's reaper, improved by Messrs Dray. The side-beams a a of

the gearing-framing are 6 feet long, 4 inches tliick by 6 inches deep
;
they are

kept 10 inches apart by two cross pieces or binders. The main driving-wheel

a a, fig. 446, is 2 feet 8 inches diameter, 7 inches broad on the periphery

or ring, and is provided with a series of ribs £ inch deep, placed trans-

versely across its periphery—these enabling the wheel, when travelling, to take

a firm hold of the ground. The t ig. uk
shaft of this wheel revolves

in bearings, one of which is

placed in each of the side-

beains a a, fig. 445. To the

interior aims of the wheel a a,

fig. 446, a spur-wheel b 6, 18

inches in diameter, is attached.

This engages with a pinion a,

fig. 447, keyed on to the shaft

b, which carries the large

bevel-wheel b 6, fig. 445 ; the

shaft of tibia revolving in bear-

ings bolted on to the left-hand

beam a a. This bevel-wheel

b b engages with a pinion a,

fig. 448, keyed on the end of

the crank-shaft 6, which re-

volves in bearings shown in

the figures with their attached bolts, by means of which they are bolted on to

the left-hand beam a a, fig. 445. The connecting-rod a b c, fig. 449, is jointed

at one end a to the pin d of the crank- shaft, fig.

448, and at the other end, c, to the joint a at the end
of the bar a b, fig. 450, which carries the cutter-

hlades c c c. The length of the connecting-rod a b c,

fig. 449, is 17^ inches from centre to centre. The
cutters c c e, as they reciprocate to and fro, play in the slots of the projecting

fingers c c, fig. 445. The form and size of the cutter-blades and of the fingers

Fig. 44

DBivtNa rncioM »vi »H*.ri or
CCTT»R-»II AUK.

Fl*. 44il.

CO»M«C1I»IO-UCU Or CUltkKHUD-

Fig. 4Jtt

CCTlKR-HLJJiI.

will be hereafter described. The draught-pole d d, fig. 455, is bolted to the

pole-plate e f, and in fig. 451, by two bolts, one of which is fixed in the end of
the pole-plate nearest the driving-wheel, and the other FiK.w .

moves in a curved slot/ at the opposite end of the pole-

plate e f. This allows of the vertical adjustment of the

pole d d. The height at which the cutters work from

the ground is regulated by two wheels, the first of

these being connected to the framing opposite to that

at which the driving-wheel is placed; the second of

the adjusting-wheels, h A, is attached to the pole d d.

a, fig. 452, is hung at the centre of the bar or lever c d, jointed at its end c

to the side-framing, and provided with a curved guide d and handle e at the

other extremity. A bolt is fixed to the side - fraining, and passes through

z

roLl-FLAII Or UlUt » KI11-XH.

The first-named wheel
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the slot of the curved guide tf, fig. 452. By pressing downwards on the handle

e, the curved guide d is depressed, and the

central part b brought nearer to the ground,

and the end of the machine and the cutter-

bar lifted further from it. The guide d is

fixed at the point required by screwing up

the nut provided to the bolt passing through

the slot of the guide. The stem or central

bar, conveying the wheel h k, attached to

the pole-plate d rf, fig. 445, is movable in a

vertical direction in the central aperture of a guide a a, fig. 453, bolted to the

side of the pole-plate. A nut and screw on the spindle of the wheel h h, above

rig-«a and below the guide, retain the spindle in any desired

D position in the guide aperture. The two wheels a a, fig.

452, and h h, fig. 445, are so adjusted as to make the cutter-

bar level throughout its length. The following are the

dimensions of the pole-plate //, fig. 451 : Extreme length

17^ inches, height at lower end 5 inches, at highest 8

inches. The distance of curved slot from end 14; inch, length of slot 4|

inches, breadth of slot J inch. The pole-plate is strengthened by two dia-

gonal stays of wrought-irou. The distance of the first stay from the highest eud

is 4^ inches, of the second at the lowest end 5 inches, the width of the stays

being 1^ inches. The plate by which the pole-plate is attached to the beam

a «, fig. 445, is 3j inches at its narrowest, and 4 inches at its broadest part

The height of the cutter-bar can be adjusted by the wheels a a, fig. 452, and h h,

fig. 445, at any point within a range of from 2 to 8 inches. To the side-frame

carrying the wheel a a, fig. 452, tho delivery finger i t, fig. 445, is attached.

This goes in advance of tho machine, and brings the grain within the action

of the cutter-blades. The tilting platform k k, fig. 445, 2 feet 6 inches broad,

and 4 feet 8 inches long, is made of light timber covered with zinc plates. It

vibrates or oscillates on a central bar.

1218. On the machine Iwing adjusted, so that the knives will leave a stubble

of the height required, the gearing covered by the box J I, fig. 445, the pole

d d inserted, the horses yoked thereto by whipple-trees, and all the parts well

oiled, the attendant mounts the box / /, sitting on the part m, inserts his right

foot in a loop formed by the strap attached to the corner of the tilting platform k t.

On the machine progressing, the driving-wheel a a, fig. 446, revolves, and with

it the spur-wheel b 6, which engages the pinion a in the shaft b, fig. 447. This

gives motion to the bevel-wheel b b
t

fig. 445, and through the pinion a, fig. 448,

to the crank-shaft b, and connecting-rod a b c, fig. 449, and the cutter-bar a b,

fig. 449. The cutter-blades have thus given to them a rapid reciprocatory

movement in the slots of the fingers c r, fig. 445. The corn passing between

these is cut, and falls back on the tilting platform k k. On the attendant

deeming a sufficient quantity delivered to the platform, he raises his right foot,

and this being attached by means of the strap to tho front edge of the platform,

it is tilted upwards, and the grain deposited behind. The operation of delivering

the grain behind is also facilitated by a rake which the attendant wields. To

prevent the jarring action of tho cutter-blade, resulting from its rapid oscilla-

tion, a balance-weight n, fig. 445, is attached eccentrically to the crank-shaft o

:

this acting as a species of fly-wheel, bringing the crank rf, fig. 448, easily round

the "dead" points. The bevel-wheel b b, fig. 445, is thrown out of gear with

the pinion on the end of the shaft o by means of tho lever-handle p p, a part
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of which embraces a clutch on the extremity of the shaft carrying the wheel

b b. This lever is within reach of the attendant sitting on the box. On
the wheel b b being thrown out of gear with the pinion a, fig. 448, the motion

of the knives or cutter-blades is stopped.

1219. Having described the general arrangements of this form of reaping-

machine, we shall now illustrate several of its important details. And first of

the cutter-blades and fingers. In fig. 450 we give a plan of the cutter-bar, the

extreme length of which is 7 feet 2f inches, the thickness £ inch, and breadth

1 inch ; it is strengthened by a part at the end a, 1 foot 8^ inches in length

and l£ inch in breadth, the united thickness being \ an

inch. To the centre of this part a stud a is riveted, one

end of the connecting-rod c, fig. 449, being jointed to this

by a pin or bolt of J inch diameter. The length of the base

of the stud a is 5^ inches, its breadth 1^. The strengthened

part of the cutter-blade a, fig. 450, slides in a guide,

fixed to the under - framing, in a line with the crank.

The knives ccc, fig. 450, of hardened steel, are riveted to

the bar a b by two rivets of J inch diameter ; there are

twenty-one knives, the end b of the bar being terminated

by half a knife. In fig. 454 we give a plan of the knife one-

third full size; the width from a to 6 is 3 inches, the

extreme length from c to d 4^ inches, tho point d being

rounded off to fths of an inch. A lozenge-shaped part is

cut out of the centre, its length from e to / l>eing 2\ inches, its breadth from-

g to h 1 inch. This aperture prevents the blades choking while working in

the slot of the fingers. The edges i i of the knife are bevelled

off from the upper side to form cutting edges ; k k are the rivet-

holes for connecting the blade to the bar a b, fig. 445.

1220. The fingers are riveted to a bar or finger-plate of wrought-
iron 3 inches broad and 1£ inch thick, placed across the front of

the machine. In fig. 455 we give a plan, and in fig. 456 a side

elevation of a finger one-third of the full size. The extreme length
from a to bj fig. 455, is 9J inches ; the diameter from c to d If
inch ; the distance from centre to centre of rivet-holes e and / If

n_»s or iviri

I-lg. 445.

Fig. 434

j;.k ii.K7a.icm of riNOin—{ nu •! •«

6inch ; diameter of rivet-holes, §ths of an inch. The width from g to

h is 1 inch, rounded off at i k to a width of fths of an inch, which is

the breadth of the projecting end of the top side of the finger aim.
In fig. 456, the slot a or, in which the knives work, is £ of an inch
in depth. The thickness of the end of the finger where it is riveted f

|

to the finger-plate, as at J c, is ^ an inch ; the length of the part

from d to c is 5^ inches. From b to tho side of the set-off/ the n»yo» f»:,
length is 4$ inches ; the depth of the set-off nearly 3 inches. -i "u

1221. In fig. 457 we give enlarged views of the shoe sustaining the delivery-

finger i i, fig. 445. This is formed ofplate-iron bolted to the under-side ofthe beam,

o

Digitized by Google



350 MACHINES FOE TIIE PRODUCTS OF THE SOIL

Kl«f. 457,

CD

JL

ailiB «L«v Jlriox or iuo-

TIIW Or IiIUTXJIT-rltiMBft.

B1ILD OF UIUVIM-rlN.Ull-
•c*XJi. 1 mtu to iu» roor

which supports the wheel a, fig. 445 ; it is curved upwards, as shown in fig. 457

at a b. At a distance of 3 inches from

the point a, a slotted guide c is fixed

1\ inches in height and J of an inch

broad, the distance between the sides

being \ an inch. At a distance from

this of 3J inches, a stud d is attached,

with a slot in the centre, \ an inch in

width. A bolt-hole is made on each side of the stud d §ths of an inch in dia-

meter. To the delivery-end a, fig. 458, of the finger a b c, is jointed a bolt

2j inches long and $ inch diameter, passing through the hole in the side of

the stud d in fig. 457, and the bolt - hole of the eye a of the delivery-

finger a b c, fig. 458.

The bar b a c, being
r jointed at a, allows the

point b to rise and over-

come any obstacle which

may be lying in its path

while entering among

the corn : as the bar

rises and falls, it plays in

the slot of the part r, fig.

457. The length of the central bar b c, fig. 458, is 2 feet 3 inches, 1 inch deep,

and £ of an inch thick at its strongest section ; the distance from the end c to the

centre of the eye a is 3| inches. The eye is elliptical in form, If inch long, and

Bame breadth, the diameter of

the bolt-hole in its centre being

f of an inch. To the central bar

b c, fig. 458, shields (one of

which is shown at d, fig. 458)

a c, fig. 459, are riveted at the

point b ; the extreme length of

those is 11J inches; the width

at broadest end 4J inches, nar-

rowed at the point b to the

depth of the bar. The shields

are shown in plan in the lower

part of fig. 459 ; the distance

from point to point of the ex-

tended part c c being inches.

From the central bar b e, fig.

458, two light rods, e and/, curve

upwards and outwards. The

height to which the extremity of

e rises, measured from the point

a, is 1 foot 9 inches ; the length

of bf is longer than b e by 16}

inches, and the distance between

the rods b f and b at the ex-

tremity of e, is 8£ inches.
| nrc. to nr. roor ^ m ^^ fa

plan of tho carriage, to the under-side of which the reaping - machine just

described is swung, for the purpose of easy conveyance from place to place.

nxs or CRAT'a r*ajm »*«
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The wheels a a are 4 feet 10 inches diameter, and 3 inches tire ; the axle-beam

b b is 6 feet long and 4 inches broad, by 5^ inches deep. The central beam
e c is 6 feet long and 3 inches broad by 5£- inches deep. The stays d d are 2£
inches broad by 5£ inches deep. Part of the reaper-pole is shown at e. ,

1223. The prioe of Dray's Hussey's reaping-machine is £25.

1224. M'Cormick's Reaping - Machine.—W e shall now describe M'Cormick's

Reaper, with the improvements introduced by Messrs Burgess and Key, New-
gate Street, London. While the cutting apparatus and driving-gear of this

machine present features somewhat similar to those of Hussey's machine just

described, there is an essential difference in the mode of delivery. While in

Dray's, the grain, after being cut, is delivered to a platform, the working of

which requires a special attendant, and the grain, delivered to the ground in

quantities sufficient to make a sheaf, is required to be immediately bound up
in order to clear the path for the return journey of the machine—in Burgess and
Key's, the cut grain is at once delivered to a screw platform, and passed to the

ground at the side of the machine. A special attendant is therefore not

required, and the grain, moreover, being delivered at the side, may be left till the

whole can be conveniently bound up.

1225. In fig. 2, Plate XX., we give a perspective view of this machine, a a
the main framing, carrying the driving-wheel b 6, on the shaft of which is the

spur-wheel c, engaging with the pinion d, keyed on the shaft of the bevel-wheel

e. This engages with a bevel pinion a in fig. 461, keyed on the end of the

tun or a»*«mo or u coruiu* • Hurm—«r«LE. | iwoh to the foot.

crank-shaft 6, which works the cutter-knives through the medium of the crank

c and connecting-rod d. On the shaft carrying the main driving-wheel b b,

fig. 2, Plate XX., a pulley ee, fig. 461, is keyed; this carries a driving-belt

f, which passes over a pulley g, fig. 2, Plate XX.. on the shaft of the gathering-

reel h h n. The office of this reel is to bring the grain to the action of the

cutter-knives, this being aided also by the conical dividing-screw t i. The
fingers k

y
fixed to the finger-beam i, pass between the grain ; and the knives

cutting the grain fall on the Archimedean screws n n, m m, the platform o o,

and third screw p p, which, revolving, pass the grain to this side of the machine.

To the shaft carrying the wheel e a pulley q is fixed outside the framing
; this

carries a driving-belt r r, wliich passes over the pulley *, fixed to the extremity

of the shaft of the screw n n ; a pulley at the further extremity of n n carries a
driving-belt f, which communicates motion to the other screws mm, p p. The
chain u u is to raise or lower the platform t; v as required by the lever-handle w.
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1226. In fig. 461 we give a plan of the working parts of the driving apparatus,

drawn to a scale of ^ inch to the foot. The main framing n n n n, fig. 461, the

extreme length of which is 7 feet 3 inches, greatest breadth 3 feet 2 inches,

and least breadth 18 inches. The driving-wheel g g is 2 feet 10 inches in

diameter, keyed on a 3-inch shaft. This carries a spur-wheel h, 1 foot 9 inches

diameter, which engages with a pinion t, 6 inchos diameter. The shaft of this

carries a bevel-wheel k, which engages with the pinion a keyed on the shaft by

carrying the crank c, which, through the medium of the connecting-rod d, gives a

reciprocating motion to the cutter-blades. The bevel-wheel k is thrown in and
out of gear with the pinion a by means of the lever 1 1 operating on the clutch of

the wheel k. The pole is inserted at m.

1227. In fig. 462 we give a plan of the finger-beam a a, with the shoe b and

Fig.

PL** or moiR-iinn-« i:»u } inch to

fingers c c ; and in fig. 463 a plan ofthe knife. The cutting parts of the knife are

of steel, with serrated sickle edges, and are riveted to a malleable-iron bar by
two rivets each.

Fig. 4CX

rt-»n o» xnrrr—«c*t«, \ men to tui roor

1228. In fig. 464 we give a side elevation of the framing, at the side opposite

to that which supports the driving-gear in fig. 461. This framing, fig. 464, sup-

ports the reel-braces x x in fig. 2, Plate XX. ; tho part a a, fig. 464, corresponds

ntp* ijjit*7ion or rR*Mrm>—

*

(-At «. ^ iwcu jo thb foot

to that marked y y in Plate XX. The extreme length ofb 6, fig. 464, is 6 feet

9 inches ; tho diameter of tho guide-wheel c is 14 inches. Tho braces a a, d d
are tightened up by the click or catch e entering the rack f. The end d of the

finger-beam a a, fig. 462, is bolted at the part^r of the side-frame, fig. 464.
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1 229. In fig. 465 we give a side elevation of tho off-side of platform for sup-

porting the delivery-screws. The part a is bolted at the point e of the finger-

a a, fig. 462 ; b is the centre in which the extremity of the shaft of the

V
0

A bivk or pi_»i louki—wt; *. | iscu io 3 lie roci.

screw n n, fig. 2, Plato XX., revolves ; c that of the second screw m to ; d that

of the third screw p p ; tho platform v v being fixed at the point e, fig. 465.

1 230. In fig. 466 we give a side elevation of the near platform-side marked,

z z in fig. 2, Plate XX. The end a is bolted to the stud/ in fig. 462. The pro-

Fig. 4M.

i bvj* cr PLATrOHV

—

*cal» £ turn to rn« too

jecting part a, fig. 467, of the frame b 6, in which the screw c c (corresponding

to p p, fig. 2, Plate XX.) revolves, is bolted to the side-frame, fig. 466, at the

point c. The part d, fig. 467, of the frame e e, in which the screw // (corre-

sponding to to to, fig. 2, Plato

XX.) revolves, is bolted to

the frame, fig. 466, at the

point b. The extreme length

of first screw n n, fig. 2, Plate

XX., is 4 feet 11 inches;

diameter of central boss, 7

inches ; diameter of blade or

helix of screw 10 inches.

The extreme length of second

screw to m is 4 feet 6 inches
;

diameter of central boss, 8

inches; of helix or third, 11

inches,

inches

F1R.-W7.

n.AN or PKJ.JVl ,.»oi.r.w» ani> fiuks—sca:.*. { to iiiv r -or

The length of third screw p p is 7 feet 3 inches ; diameter of boss, 9

of helix, 12 inches. The oxtreme length of central shaft of reel AAA
is 7 feet 2^ inches ; the diameter of reel 5 feet 10 inches ; the length of the

blades or beaters being 3 feet 6 inches ; the broadth 7 inches. The diameter of

pulley g is 13 inches. The letters t i point out the conical screw, the object

of which is to bring the corn which lies away from the machine up to the plat-

form. This is the most recent improvement introduced by Messrs Burgess and

Key, and is admitted to be most effectual in its operation. In the older forms

the place of this screw was filled by a tapered divider-board. Tins conical

screw is worked by bevel-gearing 1, 1, which receives motion from the reel-

shaft, through the medium of the pulleys 2 and 3, and belt 4.

1231. The price ofBurgess and Key's M'Cormick's reaping-machine is£42, 10s.
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1232. Section Thied.—Thrashing-Machines.

1233. Thrashing-Machine.—We have now arrived at one of the most impor-

tant machines of the farm—one on which much has been said in regard to its

history, and of which, although of comparatively recent introduction, the true

merit of its invention is involved in some obscurity. Like mo6t other inven-

tions, it appears to have come to maturity not by one mental effort, but by &
succession of steps, sometimes progressive, and at other times retrograde.

1234. As may naturally be supposed, the earliest attempts at machine-

thrashing, of which there is any authentic notice, were imitations of the flail,

a mode the most unlikely of all others to be attended with success. The
county of Northumberland seems to have given birth to the first rational

attempts, and that not longer ago than seventy years. The Northumberland
experiments, in the hands of Mr Hderton of Alnwick and Mr Osley of Flodden,

though differing somewhat from each other,* and neither of them successful,

contained the germs that led to the development of the perfect machine—not,

however, without passing through other stages of probation.

1235. Amongst these transition steps is to be ranked the experiments

and improvements upon the former machines by the late Sir Francis Kinloch,

Bart., whose models, having been put into the hands of Mr Andrew Meikle,

Houston Mill, East - Lothian, served as a groundwork for that ingenious

millwright to fabricate the thrashing - machine in a comparatively perfect

fi>rra ;
— perfect, indeed, in so far as the simple act of beating the grain

from the husk was concerned. To Meikle, therefore, has been ascribed

the merit of the thrashing-machine ; and that ho is entitled to this, as having
produced the first really effective machine, there can be no question ; but there

can be as little, that those who pioneered the way, and brought the machine so

near the mark, deserve their share of the merit. The previous machines

appear to have' contained the essential parts of the thrashing apparatus, the

feeding-rollers and the beater or scutcher ; and though it is usually alleged

that Meikle gained the palm by having devised the drum with its beaters, yet

we are now well aware that a close cylinder or drum is not by any means
essential to thrashing, and that the beater, when set upon open arms, and
revolving at the proper velocity, will perform the work perhaps better than with

a close drum. The drum, however, has taken such hold on the minds of Scotch

millwrights and farmers, that it has hitherto been little less than sacrilege to

propose its dismissal : there is, however, every probability that the day is not

distant that will see the drum beaten out of the barn by the long-rejected open
beaters.

1236. It appears that the early thrashing-machines, even those that were
held perfect, did nothing more than simply beat the grain out of the husk, the

remaining processes of shaking and dressing being loft for manipulation.

These, however, appear to have followed in rapid succession ; the revolving

rake-shaker having been first added, and afterwards the dressing-fan.

1237. In the early stages of the machine, the whole of it generally stood

upon the ground, barns in Scotland having not then attained a loft or first floor.

The introduction of the shaker, but more especially the fan, induced the neces-

sity, first of elevating the mill to a greater height on the ground-floor to admit
of the application of these appendages, and ultimately rendering a first-floor a
necessary part of the arrangements of a well-regulated thrashing - machine.

By tho disposal of the parts of the machinery in two floors, the whole business

• Brown On Rural Affairs, vol. i. p. 318.
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is conducted in a more orderly manner, and a distinct separation of tho un-

thrashed corn from the straw, the chaff, and the grain. The arrangement of

the premises will be found illustrated in the Fourth Division of this book.

1238. The Scotch Thrcuhing-Machinc.—Thrasliing-machines may be divided

into two great classes—English and Scotch—in the mode of operation of which

there are marked differences. We shall first describe the Scotch thrashing-

machine, as it may be said to be the precursor of the combined English

machines now so much in use.

1239. The arrangement of the thrashing department of the steading with a

complete machine consists of tho following parts :—1. The upper or thrashing-

barn, which contains the chief part of the machinery and the thrasliing appara-

tus : here the unthrashed corn is received from the stackyard, and is delivered

into the machine ; and here also the separation of the grain from the husk

and the straw takes place in passing through the upper works of the machine.

2. The corn-barn, immediately below tho former, and is part of the ground-floor

;

here the grain, separated from the straw by means of the shaker and screen, is

received, first into the fanners, where it is separated from the chaff, and

delivered at two distinct spouts, the one giving out the partially-dressed grain,

and called the clean spout ; the other, called the seconds spout, discharging a

mixture of grain with some husks and a few unthrashed ears—which is again

returned through the machine. 3. The straw-barn, into which the straw is

received direct from the shakers of the machine. 4. The chaff-roonf, situate

intermediate to tho two former divisions, and is usually a portion of the corn-

bam, partitioned off with boarding, the fanners forming a part of the partition.

1240. Besides the essential divisions of the process just pointed out, there

are minor divisions which are chiefly carried on in the corn-barn. These may
be taken in progressive order, and are— 1. The elevator from the foul or seconds

spout, raising the seconds to the feeding-board. 2. The elevator from the clean-

spout, raising the grain from that spout of the first fanners to the hopper of the

second fanners, and in somo cases a third set of elevators, lifting the grain

from the second to a third fanner. 3. Tho hummeller, chiefly used for rub-

bing off the base of the awn in barley, but occasionally applied also to the other

grains for specific objects.

1241. Details of the Framework.—In describing the framework of the

thrashing-machine, it is necessary to begin with that which supports the main

shaft. This, it invariably falls out, has its bearing for one point in the wall

that separates the barn from the locality of the power, whatever that may be.

For this purpose, when the altitude of the position of the shaft has been deter-

mined, an opening of 2 feet square is formed in the wall, as atf in fig. 2, Plate

XXII., the sill of which should be of one solid stone, laid at the proper level,

and upon which tho pillow-block of the shaft is bedded. If intermediate wheels

are employed, another and similar opening must be formed for tho bearing of

the shaft of the great spur-wheel. Such other shafts also as may require to

be extended to the wall of separation, should have bearings in recesses formed

in the wall at the respective positions, such as for the extension of the shafts of

tho drum and of the feeding-rollers, which, in general, may be arranged in one

recess, as at i of the same figure. The sills and bearers in these minor recesses

will be found more convenient ifformed of good sound Memel timber, than of stone.

In further describing the framework, the letters of reference apply to correspond-

ing parts of fig. 1, Plate XXI., an elevation ; of fig. 1, Plate XXII., a longi-

tudinal section ; and of fig. 2, Plate XXII., a plan of the machine. In these

figures, a marks portions of the barn wall, b b the ground-floor line, and c c
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the foundation-beams, whose scantlings are 12 inches by 6 inches. The letter d
marks the different parts of the framework of the case of the machine. Of these

parts, the four posts which encase the drum 1
i,
together with the two bearers on

which it rests, are 5 inches square. The four posts, with their bearing-rails,

that enclose the shakers / n, are 5 inches in breadth and 3 inches in thickness.

These timbers are joined by mortise and tenon, so as to be all flush on the

outward side. The whole of the posts are likewise tenoned into the sill d,

which is 3 inches in breadth and 2^ inches in depth. The four druni-posts,

being of greater breadth than the sill, are tenoned with a cheek at bottom of 2

inches in thickness, which passes down upon the inside of the beams, and is

secured thereto by bolts, thus giving greater stability to the drum-framing.

The top-rail d is also 3 inches in breadth by 2£ inches in depth, and is ten-

oned upon the head of the posts. The top-rails of the drum-casing are joined

in like manner to their posts ; but their dimensions are 5 inches by 3 inches.

The position and form of the feeding-board is marked by the letter e ; and as

this appendage is not required of great strength, it is usually of a temporary

construction, and sometimes even portable. The two sides of the framework

thus described require to be tied by means of cross-rails, which are most con-

veniently fixed upon the top-rails of the framework by bolting.

1242. The openings in the two sides of the framing, formed as above

described, are now to be filled in with panels of f-inch boarding, neatly fitted

and strengthened with cross-bars at each end of the pannel. Those panels

that fill up the frame on the gearing side of the machine may be permanently

fixed in their respective places ; but all those on the other side must bo made
easily movable, for giving access to the different parts of the interior for the

purpose of cleaning. In the panels that close up the drum-case, it has been

recommended to leave an opening of 6 inches diameter round the shaft, for

the purpose of admitting a current of air, which, it is supposed, might prevent

the winding of straw round the shaft and ends of the drum. When the con-

struction is good in other respects, it does not appear that this precaution is

necessary ; but the simplicity of the proposed remedy recommends it to

attention.

1243. Gearing of the Thrashing-Machine.—Intermediate gearing is, in some

cases, required between the power and the great spur-wheel. These are again

represented by the dotted circles m and n in fig. 2, Plate XXI., where n is

the wheel attached to the engine-shaft, and m that upon the shaft of the great

spur-wheel. These, together with the latter, may be considered as common to

all thrashing-machines, except those driven by a belt ; but there are two prin-

cipal modes of constructing all the inferior gearing, the one by means of

toothed wheels, the other by pitch-chains and wheels adapted to the chains.

The fig. 1, Plate XXL, and figs. 1 and 2 in Plate XXII., being those in which

the toothed-wheel system is adopted, we shall first advert to them.

1244. The Toothed-Wheel System.—The great spur-wheel is marked/, fig. 2,

Plate XXII.
;
upon its Bhaft is also placed one of the mitre-wheels g'

; its fellow

is mounted on the oblique shaft gy
which gives motion to the feeding-rollers

through tho intervention of the triad of mitre-wheels h. Of these two sets of

wheels, tho lower g' may be from 12 to 15 inches in diameter, with a pitch

of 1^ inch and a breadth of 2^ inches. The upper, or triad h, are about 7 or

8 inches diameter, with a pitch of 1 inch and a breadth of 1^ inch. These,

acting upon a train of small gearing, produce the requisite changes of the

feeding-rollers, it being kept in view that tho oblique shaft g should make
either from 45 to 50, or from 65 to 70 rotations per minute ; and to effect this,
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if the great spur-wheel make any number intermediate to these, the velocity of

the shaft g is brought up or down, as opinion and circumstances may advise,

by using bevelled wheels of different diameters, suited to bring out the required

velocity, instead of the mitre-wheels g '. In the case now before us, the spur-

wheel f is understood to make 50 revolutions per minute, and is therefore

adapted through the mitre-wheels <j for the lowest rate of the feeding-rollers.

1245. Feeding-Gear.—Tig. 468 is an elevation of the feeding-gear, in which

1 1 is a part of the drum-framing, and u u a bolster attached to the wall ; and

though subject to great variety, the arrangement represents a simple and com-

pletely efficient train of gearing, a is the driving mitre-wheel of the triad h

in fig. 2, Plate XXII. ; b and c are the two other wheels, these last being

mounted on the shaft d. The wheels b and c are connected together by a tube

e ; and this combination is fitted to slide upon the shaft d, but is prevented

from turning round upon it by means of a feather or rib inserted in the shaft,

the tube being also grooved to receive the rib. The tube is further provided

with an annular groove^ formed by two raised collars. The groovef admits

of a forked lever, by which the combined wheels b and c can be moved from

right to left, or from left to right. The tube e is of such a length as admits

of both wheels b c being placed out of gear with a
;
and, of course, when slid

to the right, b comes into action with a, which turns the shaft d in one direc-

tion ; but if slid to the left, b is disengaged, and c is brought into contact with

the wheel a, and the shaft d is then turned in the opposite direction, while a

continues to move always in one direction. The object of these counter-

motions is to enable the person who feeds in the sheaves of corn to reverse the

motion of the feeding-rollers when, on any occasion, it is found necessary to

make them disgorge the straw.

1246. The object of the remaining wheels of the train is to change the

velocity of the feeding-rollers, and is accomplished by the following combina-

tion : The shaft d, having a velocity already given to it of 50 turns per

minute, which is suited to the lower velocity of the rollers, it is only

necessary to communicate that to the rollers as one of their two rates.
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The shafts g and k are respectively the prolongation of the lower and upper

feeding - rollers i and k, connected thereto by the universal joints g and

hj and each of the shafts g k are furnished with the equal spur - wheels

m n, each of 12 teeth, working continuously into each other; while I, of 16

teeth, is fitted to run loose upon its own shaft. The wheels o and p have

each 14 teoth, o being also fitted to run loose on the shaft d, and p fixed

dead upon the shaft g ; the two pairs, therefore, I m and o p, are always in gear.

The slide-clutch q}
with a 6lide-rib, being now placed on the shaft d, between

the wheels I and o, which, as well as the slide, are furnished with clutch-forks,

and so disposed that the slide can be clutched to either of the wheels / or o, or

it may stand free of both,—and being always carried round with the shaft by

means of the rib, and movable at all times, right or left, by a lever acting in its

annular groove q r,—the man whose duty it is to feed can at pleasure stop all

motion of the rollers, by placing the lever of the slide in a middle notch, give

the rollers the highest velocity by clutching the slide into the wheel L, or their

lowost velocity by disengaging it from I and clutching the wheel o ; the former

being effected through the wheels / m n, the latter through o p m n. In

either of these cases, the disengaged wheel continues to be driven free of the

shaft, by their respective companions m and p. The action of the slide-levers,

by which the mitre-wheels b and c, and the spur-wheels / and o, are moved, will

be more distinctly understood by turning to h, in fig. 2, Plate XXII., where

the apparatus just described is seen in plan.

1247. When it happens that the great spur-wheel has a velocity that suits

the highest velocity of the feeding-rollers, and that the wheels g\ fig. 2, Plate

XXII., are still mitres, the train of small spur-wheels is somewhat changed.

The wheels I and m, fig. 468, change places, and are, besides, moved their own
breadth towards o and p ; o and p are likewise shifted to admit the Blide, but do

not change places. A sixth wheel of the same number, as n, is then fixed on

the shaft g, acting constantly in n. When the Blide is now clutched into o,

the highest velocity is produced ; and when into Z, the lowest is given out
1248. When, again, it happens that the great spur-wheel has a velocity not

agreeing with either the highest or the lowest velocity of the feeding-rollers,

and the mitre-wheels g\ fig. 2, Plate XXII., are still retained, the arrangement

is again somewhat different. In this case the wheels m and n, fig. 468, remain

upon their respective shafts, but are shifted their own breadth to one side.

Suppose the velocity of the spur-wheel, and that of the oblique shaft and its

wheel a, to be 60 revolutions per minute, the wheels I and m must take the

inverse proportion of 60 to 65, or say 70, for the high velocity ; and the wheels

o and Pj instead of being equal, take the inverse proportion of 70 to 60 for the

lower velocity. It were endless to multiply examples ; it is sufficient to show
the general mode of procedure, as every change of circumstance requires a

new calculation.

1249. The arrangement of the feeding-gear has undergone many changes.

Some of the older methods were sufficiently inconvenient and unscientific ; but

improvement has gradually* made progress, and, though the varieties are nume-
rous, they may be considered generally as efficient. The arrangement here

detailed seems to possess every appliance that the case requires; it can be instan-

taneously adjusted while the machine is in motion, and yet it is free ofcomplica-

tion and of liability to derangement. The couplings of the shafts we have called

universal joints, par. 1246, but they hardly claim that appellation, nor, in the

case of the lower shaft g, fig. 468, is that principle required ; in the upper shaft A,

the principle of universality of motion is, however, necessary to accommodate
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the rising and falling of the upper roller with the quantity of feed, while the end
n of the shaft lies in a permanent bearing. This coupling, as usually formed, is

simply a box or socket formed on the end h of the shaft, and in its cross section

the box is usually oblong, being l£ inch by 1 inch, or a little more, while the

corresponding end of the roller-shaft is formed to fit so loosely into this socket

as will allow the shaft n h to rise to an angle of 10° with the horizontal line, and

this it must be capable of doing in any part of its revolution. This mode of

coupling being so simple, is also applied to the shaft g, though, having no

change of direction to encounter, the yielding joint is not essentially neces-

sary. The shafting of this gearing is usually l£ inch in diameter.

1250. Gearing of the Drum.—The drum, as the principal member of the

machine, requires the most direct means of communicating the power to it

;

hence the pinion of the drum is usually driven directly by the spur-wheel ; but

it is also necessary, with the high velocity at this point, to produce a smooth

action, and the difficulty and expense of procuring this, when rough cast-iron

is employed, is such, as to have induced the practice of employing cogged
wheels, now in most caseB adopted. By the term cogged wheel is now under-

stood any wheel, the eye, arms, and rim of which are of cast-iron, but having

the teeth formed of hardwood, generally beech, set firmly in mortises previously

cast in the rim; hence such wheels, in the language of the mechanic, are

frequently called mortise wheels. (See fig. 171.) The great spur-wheel /,

then, fig. 1, Plate XXI., and 2, Plato XXII., is a cogged wheel of b\ feet

diameter, having 120 teeth, the pitch of the teeth being If inch, and the

breadth 4 inches. This drives the pinion t, which is placed upon a prolongation

of the drum-shaft, the prolonged part being coupled to the truo shaft immedi-

ately outside the framework, as seen in fig. 2, Plate XXIL, between d and

q, though some makers prefer that the whole be in one piece. The pinion i of

the drum is here 12^ inches diameter, with 22 teeth
;
and, as ought always to

be done in the case of a pinion being driven by a cogged wheel, the pinion is

turned true upon its own shaft, the cast teeth correctly graduated afresh,

the correct curve drawn upon them, and the wholo dressed off to equality by
the chisel and file. For this purpose, pinions that are to be dressed true must
be cast with their teeth of such extra thickness as will admit of this dressing,

and still possess the due thickness and strength required for true action.

1251. Gearing of the Shakers.—The shakers being required to move at a

velocity considerably lower than the dram, and even lower in general than

the great spur-wheel, a reduction of velocity becomes necessary. In the

arrangement under consideration, this is effected by extending the main shaft/',

fig. 2, Plate XXIL, by means of a coupling-piece extending to, and resting on,

the beam c. This extended part of the shaft carries the small wheel seen at k
in the same figure, but is hid in fig. 1, Plate XXI., by the eye of the great

spur-wheel. This small wheel is 10 inches diameter, and acts upon the inter-

mediate wheel it, which is not furnished with a shaft, but turns upon a strong

fixed stud. The wheel k acts upon /, which is fixed upon the shaft of the first

shaker i, and of fig. 1, Plate XXI. The continued train of spur-wheels I m, m n,

together with it, are all of one size, 2 feet diameter, 1 J inch pitch, and 2 inches

broad. Of these m m are also intermediate, or applied to convey motion from

/ to n ; n being fixed upon the shaft of the second shaker, while to to turn

upon studs like it. These studs are inserted into a swing-bar that can be
bolted to the horizontal rails of the framing, in such position as will bring

the intermediate wheels into proper pitch with the principals I and n.

1252. Gearing of the Fanners.—The motion for the fanners is taken with
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great convenience from the drum-shaft, on the extension of which is placed a

grooved pulley of 9 inches diameter, at 7, fig. 2, Plate XXII. ; a corresponding

pulley 8
}

fig. 1, Plate XXI., is placed upon an extension of the fan-shaft of

the fanners, the extended part being coupled to the principal shaft of the fan

immediately adjoining to the pulley, and the extreme end supported in a bearing

on the post t. The driving-pulley q being 9 inches diameter, and making about

360 revolutions per minute, the pulley *, in order to bring the fan to a proper

velocity of 220 revolutions per minute, requires to be made about 14^ inches

diameter. Since these two pulleys stand at right angles to each other, and the

rope-band (usually employed) cannot, for that reason, apply directly to them, it

requires to be carried in the direction q r q *, fig. 1, Plate XXI., r being a

slide-frame in which two leading pulleys, mounted in a case, are fitted to slide

in the vertical direction, thus serving at the same time to lead the band in the

proper direction to the pulleys q and *, and to tighten or slacken the band.

The pulley-ease is moved in the slide, either by a long screw or by a tail-rope,

which, when the case is adjusted, is fastened to a cleat.

1253. The second fanners a, fig. 1, Plate XXI., are most conveniently driven

by a band of rope or leather c' c', from a pulley set upon the extreme end of

the drum-shaft ; but this, in all the figures, is hid from view by the adjacent

parts. The band passes down through the floor, and directly under the corre-

sponding pulley on tho fan-Bhaft. The pulleys for this purpose are of the same
diameter as those described for the first fanners.

1254. Gearing of the Elevators.—The methods of giving motion to the eleva-

tors are numerous, depending frequently on the arrangement of the machinery,

and sometimes on that of the barn. The one here adopted is, by placing a

chain-wheel on the great spur-wheel shaft immediately behind the mitre-wheels

g\ fig. 2, Plate XXII. A corresponding wheel v is placed on a shaft appended
to tho lower side of the foundation beams by plummer-blocks, and reaching

across both beams. Over these wheels the pitch-chain u u, fig. 1, Plate XXI.,

is applied, which gives motion to t\ On the shaft of the wheel v, and at a

point directly in front of the clean spout of tho fanners p}
are placed two plain

wheels or pulleys x, of about 14 inches diameter; these carry the belts of the

elevator to to, which, by descending to the lower pulleys, becomes the driver of

the elevator y y, the lower pulleys of both being on one shaft. Corresponding

to this last pair of pulleys, there is also placed in the upper barn, at a sufficient

height above the feeding-board, another pair of pulleys, one of which, y, is seen

at the upper extremity of the elevator y y, fig. 1, Plate XXL, and placed on

a shaft appended by plummer-blocks to the collar-joists of the roof. Thus
arranged, the chain u u gives motion to tho elevator w>, which, in its turn,

through the medium of tho lower pulleys x, and their shaft, gives motion to the

elevator y.

1255. In cases where elevators for the foul spout only are employed, the

chain u u, fig. 1, Plate XXL, is carried to a chain-wheel placed on the shaft

of the pulleys of the upper extremity of the elevator y, or, if circumstances

render it more convenient, to the lower extremity x ; and in either case, it

is obvious that the elevator 10, instead of being the driver, may be made that

which is driven.

1256. Having considered tho construction of tho framework, and the appli-

cation of the gearing of tho thrashing-machine, wo proceed to notice the con-

struction and action of the active parts of the machine, and their relation to

each other.

1257. Of the Feeding-Hollers.—The feeding-rollers have had their varieties of
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change, and these varieties have arisen from attempts to overcome an accident

to which feeding-rollers are liable when thrashing corn in a damp state—the

winding of straw around them. To obviate this, rollers have been made, both

plain, and both fluted in various forms
;
they have been made of hardwood,

and wrapt spirally round with hoop-iron ; have been turned truly round in cast-

iron, and fitted up with scrapers constantly acting upon them, to prevent adhe-

sion of the straw; and with one fluted, and one plain, without being turned

true. The forms now most generally adopted in Scotland yw.m.

are represented in fig. 469, where a is a transverse section of

the lower roller, fluted in an angular form ; while the upper

roller has its transverse section, 6, forming a polygon, whose
sides are slightly concave. In both, the breadth of the flutings

and of the faces are from f to £ inch. In the Scotch thrash-

ing-machine the rollers are invariably mado of cast-iron, with

journals or gudgeons of malleable iron, either cast into the

roller, or afterwards fixed in with wedges. Their diameter is

usually 4 inches ; and for their length, it is always desirable

that it be 1 or 2 inches greater than that of the drum. The
weight of a roller, therefore, of 3£ feet in length, will be

about 140 lb. The velocity of revolution of the feeding-rollerB °» r««

is a point of great importance in this species of thrashing - machine, and
is affected by various causes, such as the length of straw in the wheat com-
pared with that of the barley and oat crops. The state of the crop also

requires to be considered as to its dryness and dampness, with other causes

arising from soil, climate, &c. Independent of these considerations, if the

rate of feeding bo too slow for the velocity of the drum, the work will be
slowly performed, and the straw will bo much broken. If, on the other hand,

it bo too fast for the drum, the com will pass through imperfectly thrashed

;

both of which results it is desirable to avoid. The results of the experience

for many years of uumerous millwrights, have determined a mean range of

velocities which appear best suited to obviate the greatest number of difficul-

ties. These velocities, when stated in terms of that of the drum, are, that the

rollers of 4 inches diameter make one revolution to five of the drum as the maxi-

mum velocity, and one to six and one-third as the minimum. When compared
by the spaces over which the straw is passed in a given time between the rollers,

the maximum rate is 73 feet, and the minimum 57 feet per minute. Or, taking

the number of strokes of the beaters in a given length of straw, we have, in

round numbers, 24 strokes on 1 foot of length of straw as the maximum, and,

for the minimum, 19. Some makers, it may be remarked, make the maximum
higher, and the minimum lower, than the above rates ; but unless a third or

mean velocity could be obtained, which no doubt could be done, there seems
to be no advantage gained, from pushing the extremes—the maximum and
minimum rates—beyond reasonable limits.

1 258. The rollers are usually placed in front of the posts of the drum-framing,

and the lower one at a height of from 3 to 5 inches above the lovel of the drum's

centre : the lower we hold to be the better of the two. The upper roller, of course,

lies upon the lower when not in action, with straw between them. They are

supported in brackets of various forms ; and as it is necessary that means be
affordod to vary the distance of the rollers from the beaters, numerous methods
have been taken to accomplish this, by varying the form and means of applying

these brackets or bolsters.

1259. We have, in the course of our practice, applied a very perfect and easily-
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managed form of bracket, but which is, perhaps, too expensive for the remunera-

tion afforded from the making of thrashing-machines. The principle of the

method is : the two brackets are fitted to move horizontally in a metal slide,

and their movement is effected by a screw passing into each. Each of the

screws is mounted with a small mitre-wheel, serving as the head by which it is

turned. A slender shaft, extends from the one bracket to the other, and carries

two more mitre-wheels, which act upon the two former. A handle is fitted to

the slender shaft, and, by turning this either way, the screws are acted upon

through the mitre-wheels, and ultimately on the brackets, to move them back-

ward or forward simultaneously, and with the greatest precision.

1260. A simpler and very efficient method has also been adopted, which is

represented in fig. 470, where a is a front post of the

drum-framing, b a part of the bearer of the drum,

and c the place occupied by the top-rail ; d <? is

the bracket, e is a tail, hinge-jointed at d, and is

bolted dead upon the post
; / is the bearing of the

lower roller, and g that of the upper, which is formed

as a curved slit concentric to the circle of the drum.

At the top d' of the bracket, and on the back part, a

wedge - form piece is cast upon it, forming an in-

clined plane. The reverse wedge h is of malleable

iron, forked or slit from the head towards the tail, to

pass over the bolt k, and terminates in a screw and

nut ; the tail is sunk into the post, and passes up-

ward through the top-rail c, where it is held in the

position required by the screw-nut. It is obvious

that, by drawing the wedge h upward, it will press
<^ the head of the bracket outward ; and the nut of the

bolt it being then screwed tight, the bracket will be

held fast and secure. A separate bracket i is bolted

upon the post a, serving as a bearing for the shaft d

of fig. 468.

1261. Of the Drum.—The construction and proper-

ties of the drum, as it is the prime member of the

maclune, require the most careful consideration. In

the Scotch practice, it is invariably made a close

cylinder. The shaft, always made of malleable irou,

is usually IJ inch square, sometimes 2 inches, and

rarely \\ inch. Upon this is mounted generally two sets of crosses or arms of

hardwood. The quality of lightness, especially towards the central parts, with a

due degree of strength, being ofgreat importance, these arms should be ofthe best

and toughest materials. Their dimensions at the centre need not exceed 4 inches

by 2\ inches, tapering to 2^ inches square at the ends. They are half-lapped

in pairs at the centre, and strengthened by a plate of malleable iron on each side,

with a bolt on each arm, passing through the plates and arms. By means of

these plates, also, they are firmly wedged upon the shaft, one set of arms being

placed at each end. Fig. 47 1 is a transverse section of the drum thus con-

structed, showing the shaft o, the plates 6, and the arms d. To these are added,

upon each set of arms, a ring of hardwood e, worked in segments, and bolted to

the arms. This ring, 2^ by l£ inches, and 28 inches of external diameter,

besides binding the extremity of the arms, serves as a bed for the covering,

which is now always made of sheet-iron of the strength of 1^ lb. per superficial

tbs niiActrra or TBS
ROLXKBva.
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foot. The portion of the arms that projects beyond the ring servos as the

bearing to which the beaters / are bolted ; these are 3£ inches in depth, and

2 inches in thickness. The striking face of the beaters is formed to lio in the

radii of the circle, and is faced with an iron plate from end to end, the breadth

of which may be from 2 incites to 1^ inch, usually steeled on the striking edge
with a thickness of § inch, and securely fixed with bolts or screws. The ends

of the drum are covered with f-inch boarding, and dressed ofT truly by turning.

1262. Such is the construction of the drum most frequently adopted ; but other

methods are also followed. In some cases, arms of cast-iron instead of wood

Fig. 471.

Fig. 471

are employed ; and these, ifjudiciously proportioned, are, in some respects, supe-

rior to wood—all the other parts outward remaining as described in par. 1261.

1263. A third method has also been adopted, wherein the arms and ring are

in one piece of cast-iron, comparatively light. Fig. 472 represents this mode
of construction in transverse section, where a is the shaft, b the arms, 2 inches

by £ inch, and c the ring, having the same dimensions ; its diameter over all

being 2 feet 6 inches. In this the beaters d are only 3 inches in depth
;
they

are bedded upon a flange projecting on each side of the ring, and bolted in that

direction, but supported, besides, by the lip e, wliich rises and supports them
behind in the direction of the stroke.

1264. The position of the drum in relation to the feeding-rollers has been

already stated (1241) ; its distance from them ranges from \ to £ inch, the mean
of these being the distance most generally acted upon. The height of the

drum's centre above the floor of the barn varies, with local circumstances, from

1 foot to 2 feet, there being no special rule to confine it to any precise height

between these limits.

1265. The diameter and length of the drum has undergone many changes.

In the early period of its history, it appears to have been of moderate dimensions,

but with the extension of the use of the machine came an impression that its parts

should be also extended
;
and, accordingly, about thirty years ago we find the

length of the drum extended to 5 and even to 6 feet, and its diameter to 3£ feet.

These, no doubt, are extreme cases. But the general opinion then was, that a

large drum was the only means by which a large quantity of work could be

performed. During the last twenty years, opinions have taken the contrary

direction, and the drum has returned to more reasonable dimensions. This last

change has, no doubt, been in part brought about by the introduction of steam

as a thrashing power, for by it a machine that with 6 horses could, with an effort,

2 a

r

Digitized by Google



370 MACHINES FOR THE PRODUCTS OF THE SOIL.

thrash 30 bushels of wheat per hour, will now, with a 6-horse-power engine,

thrash with ease 45 bushels in the same time, and that with a drum not exceed-

ing 3 J- feet in length and 3 feet diameter : there is now, therefore, a general

disposition to approach these dimensions as a standard. With such power, it

has been found that one man can feed for the thrashing of 45 bushels per hour,

or even as high as 60 on an emergency ; but even with the latter quantity, and

though the drum were 5 feet long, the spread of the corn does not extend beyond

3^ feet of its length, or more properly to only 3 feet of it ; hence all that is over

the greatest of these is superfluous length, and ought to be removed. Since a

machine with a drum of 3J feet is capable of thrashing 450 bushels in 10 hours,

tho whole produce of a farm of 500 acres could be thrashed in from 30 to 40

days, which seems abundantly expeditious
;
and, therefore, the maximum length

of drum may be fairly taken at 3£ feet for a 6-horse-power engine
;
and, by tho

same calculation, 3 feet for a 4-horse power, and 2\ feet for a 2-horse machine,

the diameter of tho drum in all cases remaining tho same—3 feet. Under the

system that admitted of large drums, the number of revolutions was necessarily

low, and during these periods it was generally limited to 300 per minute, which,

with the diameter of drum then used, gave an annular velocity, at the extremity

of the beaters, of about 3300 feet per minute. With the changes related above,

the number of revolutions has been increased, while the diameter has decreased.

The medium rate now employed is 350 revolutions per minute, but frequently

400 : with 350 revolutions, the velocity of tho beaters continues nearly tho

same as when the large drum was employed ; but with a rate of 400, the velo-

city amounts to 3300 feet per minute. There is good reason for concluding that

a mean velocity of 3500 feet per minute will yield the maximum effeot under the

system of thrashing herein described.

1266. In the Scotch thrashing-macliine the action of the beaters is upward

;

and this, with very few exceptions, is invariable. From the construction of the

thrashing parts of the machine, the corn is kept under the action of the beaters

for a very short space
;

for, however well tho feeding-rollers may hold on tho

straw, the ear passes beyond tho reach of the beaters, when it has passed over

about one-fourth part of the circumference of the drum-case. This we hold to

bo a defect in the machine, and that to this defect may be ascribed almost all

those complaints of imperfect thrashing, not unusually ascribed to defects in the

shaking department. In another class of thrashing-machines, this defect is

obviated by retaining the straw under the action of the beaters during its

passage over at least two-thirds the circumference of the drum-case ; and there

appears every reason to conclude that the thrashing process of the Scotch

machine would be much improved by adopting a similar arrangement, and which

could be easily effected.

1267. Of the Drum-Cover.—The thrashing process is accomplished by subject-

ing the corn and straw to the action of tho beaters, while it is held by the feed-

ing-rollers. But in order to give full effect to the blows of the beaters, the straw

is resisted and held to the action by means of the apron or cover of the drum.

Tho cover is a strong concave board f, fig. 1, Plate XXII., equal in length

to tho drum, and in breadth measures about 27 inches. The boarding is 1 inch

in thickness, and is fastened by nailing it upon three segmental bars, placed

outside, of hardwood or of cast-iron, the concave surface being also lined with

sheet-iron. The radius of curvature of the interior surface is 3 inches greater

than that of tho drum itself ; and it is suspended at its upper edge by a swing

link, capable of being shortened or lengthened at pleasure by a screw. The
average distance of the upper edge of the concavity from the beaters is about
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3 inches, while the lower edge coincides with a circle that would touch the feed-

iug-rollers, or about § inch distant from the beaters. Different methods aro

followed in forming the junction of the feeding-rollers with the apron.

1268. In some cases, the front edge of the apron is cut off nearly vertical, so
as to allow the upper feeding-roller to pass the apron when raised up by the
feed. In this case, the lower edge of the apron forms an acute angle, and is

supported in a swing link similar to that of the upper edge.

1269. Another method is to rest the lower edge of the apron on the journals

of the upper roller by means of a gland at each end, bolted to the lower edge of

the apron, and having a bearing on the journals. In this case, the lower edge
of the apron is worked off to the curvature of the roller to a small extent, and
keeps always close upon but not touching it.

1270. By these means, the lower edgo of the apron rises and falls with the
roUer ; and when so rising and falling, it swings upon the upper link, and the

roUer has consequently the weight of the apron always upon it. When the
straw has passed the apron, it is prevented from flying off by a plain board d*

placed in a tangent to the curve of the apron, as in the figure, which leads

it directly from the apron to the shakers.

1271. The casing of the drum is completed by having an arc J:, fig. 1, Plate

XXII., formed underneath, extending from the rollers at A' to the breast of

the casing at the top of the inclined plane T, its position and curvature being
such as just to allow the beaters to revolve freely. This part of the casing is

formed of 1-inch boarding laid upon three segmental ribs of hardwood k.

1272. In the operation of the drum, it is occasionally, from the state of the

straw, subject to an inconvenience arising from an accumulation of straw between
the ends of the drum and the casing-boards. This seems to occur only where
an unnecessarywide space is left between the ends of the drum and tho boarding.

With due care, this space may be reduced to £ inch, but should never exceed \
inch ; and by attention to this on tho part of tho maker, all inconvenience from
tliis cause may be avoidod. (See par. 1242.)

1273. Of the Shakers.—Next in importance to the drum stands the shaking
apparatus, for separating the loose grain from the straw. That mode which is

of tho longest standing, and by far the most generally approved of, is tho

rake shakers I and n, figs. 1 and 2, Plate XXII. They are variously formed,

having sometimes a close cylindrical body like the drum, with rake-heads pro-

jecting from it, as in n. It is also formed with a square and with a pentagonal

body, the rake projecting as before ; and lastly, a square form, with concave
sides, which, uniting at tho angles, shoot out into the rake-heads, as in Z, which
is a form that has been well established for a first shaker, the concave spaces

affording good range for the reception of the grain and straw from the drum. In

the construction of this shaker, two very light frames of cast-iron, of the form

represented in the figure, consisting of the four arms, about 1$ by £ inch, and
the four concave sides having tho same scantling, after their junction, pro-

ceed to the distance of 27 inchos from the centre, when they are turned off

into the palm, which stands at an angle of 45° with tho direction of the arm.

The entire length of the shaker should be 4 inches, at the least, longer than the

drum ; and the two frames just described are set upon the shaker-shaft, at about

5 inches within the intended length. The rake-heads are 2\ inches square, and
of the full length of the shaker; they are bolted to the palms of the frame, and
are bored for the insertion of the spikes or teeth, which are set on the heads at

spaces of about 4 inches apart, their length being about 8 inches beyond tho

head. In the several heads, tho samo distance apart is observed for the teeth ;
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but they are bo arranged in each, that those in any one rake follow a different

track from the teeth of any of the other three heads. The radius of the shaker,

measuring to the extreme points of the teeth, is 3 feet ; and the distance of these

from the beaters is usually about 9 inches. In all cases, the grain and straw

pass under this shaker, and the position given to the teeth has the effect of

pressing the straw down upon the grating while in progress over it, producing

thereby a process of rubbing, to aid the discharge of the grain. But so soon as

the straw is relieved from the friction of the rake, the same position of the teeth

discharges it with certainty upon the second shaker.

1274. The second shaker n, figs. 1 and 2, Plate XXII., has also undergone

various changes
;
but, in general, it is either a close or a skeleton cylinder, with

rakes attached. Some makers prefer sending the 6traw over the top of the

second shaker, and there is good reason for recommending this practice. When
this practice is adopted, the shaker is necessarily of the skeleton make, to allow

the grain to fall through it ; and the present example is upon this principle. It

consists of two sets of arms, each extending to a radius of 21 inches, when each

arm terminates in a palm, standing at an angle of 22° with the direction of the

arm. A ring of hardwood, 2£ inches by 1J inch, and 3 feet 4 inches diameter,

is bolted upon each set of arms, and they are thus set upon the shaft 5 inches

within the extreme length of the shaker, as before. A series of triangular laths

are then nailed upon the rings, their length fonning the body of the shaker, and

set at 4 inches apart. Four rakes, formed as described for the first shaker, are

bolted upon the palms, which complete the structure ; and the radius in this

case, taken to the point of the teeth, is 2 feet 6 inches. There is sometimes a

necessity for the adoption of this kind of shaker, namely, when the barn is so low

that the great hopper cannot be extended under the whole length of the grating

of the second shaker without giving the hopper such a low angle, that grain,

particularly barley, would lodge upon it. To obviate this, a part of what ought

to be grating is boarded over, as at n', fig. 1, Plate XXII. ; and to prevent grain

from accumulating upon this, brushes are applied over one-half of two opposite

rakes, the teeth in these parts being left out, and the brushes attached by means
of adjusting screw-bolts, by which the brushes are adjusted to sweep the grain

into the grating.

1275. It will be observed that, when the second shaker takes the straw over,

and if driven by wheel-gearing, the two intermediate wheels m m, fig. 1, Plate

XXI., are required ; but if the straw is taken under, then the shaker revolves

in the opposite direction ; and to effect this, one intermediate wheel only is

required ; in which case, also, the wheels, instead of being 2 feet diameter, will

require to be 3 feet 2 inches, or thereby. In the case of working under, also,

the rake-teeth must be placed at the angle 45°, as in the first shaker.

1276. The position of the Bhakere vertically, in relation to the drum, may,

without detrimental effect, be varied according to local circumstances ; but with

a 6-feet first shaker, its centre should, on an average, bo 9 inches above the

level of the drum's centre. This will give the plane f, fig. 1, Plate XXII.,

leading from the drum, an inclination of about 40°, which will be sufficient to

prevent any accumulation of grain or straw in that part of their course. The
centre of the second shaker, of 5 feet diameter, may be placed anywhere between

that of being on a level with the first shaker to 6 inches below its level ; the

height of the barn being, in this respect, the principal object of consideration, in

order that the spread of the great hopper o may be as great as possible, which,

it will be observed, is shortened by lowering the second shaker. The velocity

of the shakers is the last point of importance; and on this it may bo observed,

that the smaller the quantity of straw in the grasp of the shaker at any one time,
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so much the better will the work be performed. This will be effected by giving

the shakers the highest velocity at which they will deliver the straw, without risk

of carrying it round on the teeth of the rakes, and these points will be obtained

by giving the shakers a velocity of from 25 to 30 revolutions per minute.

1277. The Screen or Grating.—The screen, over which the straw is carried by
the action of the shakers for the final separation of the grain from the straw,

extends from the breast of the drum-case, following the curve of rotation of the

shakers, onward to the extremity n', fig. 1, Plate XXII. The plane V is close-

boarded, and covered with sheet-iron, in the position as described in par. 1276.

At the bottom of this inclined plane, the screen proper begins.

1278. The screen is formed in various ways, some makers using a cast-iron

grate, with square meshes, of inch on the side, the iron being ^ inch in

thickness and £ inch in depth.

1279. Others apply splits of deal, § inch thick and 1^ inch in depth, placed

at intervals of l£ inch in width, the splits being crossed by other splits of the

name breadth, but only § inch in depth, placed at intervals of 2£ inches.

1280. A third method may also be recommended as strong and durable,

composed entirely of straight rods of malleable iron, \ inch diameter, and laid

at intervals of $ inch.

1281. The iron grating and the malleable-iron rods, though the most expen-

sive, are very efficient, and are the most durable. In all tho three methods, the

gratings are supported on segments of hardwood /' tn and m' n', worked off to

their respective circles, and nailed to the foundation beams and framing ; and
when the machines aro of the widest, a central segment is also applied to sup-

port the middle of the splits or rods. The portion n' lying beyond tho great

hopper is close-boarded, and a continuation of this, marked o', is placed in

a sloping direction, to carry the straw over the wall, and deliver it upon a

sloping rack placed in the straw-barn.

1282. The Great Hopper.—The dimensions of the hopper o, fig. 1, Plates

XXI. and XXII., are regulated by the height of the barn and the breadth of the

macltine ; the breadth of the hopper at the upper part being equal to the length

of the shakers, and its length is adapted to the extent of the grating. The
bottom of the hopper is adapted to the width of the fanners in one direction, and
is usually from 20 to 22 inches in the other direction. The inclination of the

ends should never be lower than an angle of 55° ; the sides will always fall to

have a sufficiently high angle. The entire hopper is formed of f-inch boarding,

and its object is to collect the grain from tho grating, and to deliver it into the

fanners.

1283. The Fanners.—The first or machine fanners p, fig. 1, Plates XXI. and

XXII. , are placed in a central position under the gratings V and m', so that the

two ends may have equal slopes. The height of the fanner-case is about 5 feet,

and the extreme length 8 feet. The width is a point on which great difference

in practice exists, some makers being satisfied with a width of 20 inches, while

others givo 36 inches, the power of the machine being the same. These

extremes we consider to be both in error, and that a width of 26 to 30 inches is

sufficient for every purpose. The details of the first fanners being so much akin

to those of the second or barn fanners, we shall leave them to be treated of

more at large under Barn Fanners.

1284. The Elevators.—The elevators are simply a chain of buckets, sometimes

attached to actual chains, hut more frequently to leathern belts. The buckets

y y, from the foul-spout of the fanners p, fig. 1, Plates XXI. and XXII.,

are 14 inches in width, scoop-shaped, with a depth of 4 inches and a length of

10 inches. The ends y y are formed of hardwood, and the back and bottom of
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light sheet-iron, bent round, and nailed upon the edges of the wooden ends.

The buckets are now attached to two leathern belts, 2^ inches in breadth,

at distances of two feet from bucket to bucket, by one rivet or a small screw

and nut in each end of each bucket. The two belts, with their buckets, are

then laid round the pulleys x at top and bottom, and connected at a proper degree

of tension ; and to prevent any inequality of motion in the two belts, it is well

to attach two diagonal straps to them of about 4 feet in length. As the lower

ond of the chain of buckets passes under the level of the floor, a boarded

cradling is there formed to collect any stray grains that may fall beyond the

buckets, where, as they accumulate, they are taken up by the buckets in their

transit through the cradle. The contents of the buckets are discharged as they

turn over the upper pulleys x into the shoot z, from which they fall upon the

feeding-board e.

1285. The clean elevators v> w, fig. 1, Plate XXI., are formed after the same

manner, except that the buckets are of smaller size, their breadth being only

10 inches, and depth 3 inches. They are sometimes formed also on a canvass

web, but the principle is the same in all. The clean elevators discharge their

contents, in the samo manner as the first, into the shoot V leading into the second

fanners a . The velocity at which such elevators move is usually from 150 to

180 feet per minute.

1286. The Second Fanners.—The position of the second fanners is subject to

endless variety, arising from the arrangement of the machinery and the point

from which the motion is taken to drive them. That which is here adopted a*,

fig. 1, Plate XXI., is one by which the motion is easily obtained ; and in the

case of a preference being given to hand-driving, the position is equally con-

venient The more minute details of tins sort of fanner will be also given

under Barn Fanners.

1287. The ultimate utility of working the second fanners, and still more, as

practised by some farmers, a third fanner, by the same power that is employed

to thrash, is a question still unsettled. The operation of riddling, which is

generally required for the grain as it comes from the clean-spout, has not yet

been very satisfactorily performed by machinery, and to put it through the

second and third time, without riddling, will seldom produce a perfect sample.

The difficulty may be got over by removing the clean elevators from the spout

and make them lift from the heap riddled by hand ; but even were this done,

there is a defect in the process, arising from inequality of blast, owing to the

motive power, from inequality of feeding, not having at all times a uniform

velocity, which is a circumstance not easily overcome. The most perfect

system of dressing with the fanners is that where, water being the power, a

small water-wheel is employed to drive the second and third fanners alone

;

and where water is abundant this may be practised simultaneously with the

thrashing, or, if scarce, the dressing is performed as an after operation.

1288. An ingenious method of equalising the blast of thrashing-machine

fanners was adopted by Mr Andrew Sharpe, Hilton, near Dunfermline, previouB

to the year 1835, for a description of which ho received the Highland and Agri-

cultural Society's silver medal. The invention consisted in placing a hinged flap,

in form of a valve, in the wind passage of the fanners, occupying the entire width

of the passage, the flap being adjusted to occupy a certain position when the

fanners was emitting the due force of blast ; but if this was increased by any

acceleration of the motive power, the first effect of the acceleration was to increase

the area of the wind-passage by raising the flap. The flap, by means of levers

and rods, being placed in connection with a pair of light folding-doors attached
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•

to the eyes of the fanners, the same cause that produced the effect on the flap,

tending to enlarge the wind-passage, produced at the same instant, through the

medium of the levers and rods, a counteracting influence, by closing the folding

doors, and thereby decreasing the aperture of the eyes, and, by consequence,

the volume of air entering by them, thus tending to preserve a uniform intensity

of blast. The principle of this apparatus seems to bo sound, and there appears

no reason to doubt that a due adjustment of them would effect a decided improve-

ment in fanners driven by a variable power.

1289. The Chain-gearing System.—We have now described the thrashing-

machine, as driven by wheel-gearing, in full detail ; there remains only to say a

few words on the method of chain-gearing. Fig. 2, Plate XXL, is an elevation

of a machine fitted with chain-gearing. In this figure a a is the wall separating

the corn from the straw-barn, b b the foundation-beams, c the framework of the

machine, and d the feeding-board, exactly the same as in the toothed-wheel

system ; m and n are the spur-wheels intermediate to the power, and the great

spur-wheel e. This last wheel having a velocity of 65 revolutions per minute,

there is placed upon its shaft a chain-wheel of 10 inches, for the purpose of driving

the feeding-rollers. A pitch-chain/ is passed round tliis wheel, and also round
one of the same diameter g on the driving-shaft of the feeding-rollers ; this chain

and wheel g give motion to the same train of gear as described in fig. 468, which
can be proportioned as detailed under fig. 468. The mitre-wheels, however,

are wanting, which in this mode of driving could only be of use for reversing

the motion of the rollers (1244)—an operation which is often thought of little

value—for if straw is once allowed to wrap around the rollers, it is easier to cut it

off than to unwind it ; this single chain then accomplishes the whole work of the

feeding, and is perhaps the best and most simple method that can be adopted.

1290. The Drum is driven by a pinion A, a chain, under the circumstances,

being inapplicable to the purpose.

1291. The Shakers are both driven by the chain i i i which passes over the

wheels it k on the first and second shaker-shafts, and also over another wheel

Bet upon the shaft of the spur-wheel t ; and for the purpose of keeping a due

degree of tension on the chain, a small movable tension-pulleyp is applied. This

provision for keeping tho chain in a proper degree of tension is the more
required in this particular arrangement, wherein the chain, in passing over tho

wheel of the first shaker, touches only a small part of its circumference, and,

unless under proper tension, the chain would be liable to start over the studs of

the wheel. The proportions of the shaker-wheels to that upon the shaft of the

spur-wheel must be attended to in order to bring out the proper velocities, as

given at 1276. It will readily occur to the reader, that the same results will

be obtained by using two chains, and two chain-wheels on the shaft of the first

shaker. In such arrangement, the first chain passes over the wheel on the

main shaft of c, and also over one of those on the shaft of the first shaker.

The second chain passes round the two wheels k k. The chain-gearing is

extremely simple, and if made sufficiently strong, ri*. 473.

will work very satisfactorily ; but unless atten-

tion is paid to due strength, and that all the

links are properly adjusted to length, the chains

are sometimes liable to failure.

1292. Pitch-Chains.—Pitch-chains are of two
kinds—-the buckle-chain and the ladder-chain.

The buckle-chain, fig. 473, is formed of links TB" BDCI" ™ ra*™»

a of an oblong shape, forged and welded out of round iron ; the strength of
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whioh, for shakers, may be ^ inch diameter ; these alternate with flat links b

formed of the strongest hoop-iron, 1 inch in breadth ; and these are folded in

the form as represented by c c, which is the chain viewed edge-ways, the flat

links being secured by means of one rivet passing through the three parts of

the link.

1293. The ladder-chain is represented in fig. 474. In it the links are

fig. 4*4. all of one size and strength, and,

when formed, has the appear-

ance as seen at d d, where they

are arranged in pairs, inward and

outward alternately, the pins or

rounds passing through two links

at each end, and riveted ; e e is

an edge view of this chain, the

link8 being worked on one edge

to the curvature of the wheel, and

are in like manner curved on the opposite, for uniformity and lightnesa This

form of chain is the stronger and more durable, but at the same time the more

expensive of the two ; and both examples are on a scale of 3 inches to 1 foot

1294. Numerous other forms of chain are employed in the practice of

mechanics ; but as they seldom or never come under the agricultural branch, it

is unnecessary to do more than thus advert to them
1295. One - horse Thrashing - Machine. — There is a diminutive form of

thrashing-machine that merits notice—a one-horse machine. In some of our

pastoral districts, where the proportion of arable land is so small as not to

warrant the expense of a large tlirashing-macliine, these have been very suc-

cessfully adopted. They are constructed with a small horse-wheel, generally

overhead ; and the motion is carried into the barn in the usual form, where a

spur-wheel drives the drum-pinion at a velocity of 250 turns per minute. The

drum is 27 inches long, and 30 inches diameter over the beaters : it strikes

downward, and has a pair of feeding-rollers. There is neither shaker nor fan

attached to the machine, and four people are required to carry on the process,

the dressing being an after operation. With this little machine 12 bushels of

oats can be thrashed in an hour ; and the whole cost of it is about £20.

1296. The English Portable Thrashing-Machine.—We have now come to tho

English thrashing-machines, and the remarkable character which they present

consists in their being portable. The English portable thrashing-machine is

now most extensively employed in the southern parts of the kingdom, and

apparently to good purpose. But while we grant this to the machine, we must

demur to the practice which involves out-of-door thrashing. But it is to one

member of the machine that we wish to direct attention, namely, the drum,

1297. It appears to us, in regard to the drum, that the English and the

Scotch machines operate on different principles. In the Scotch, as is well

known, the thrashing is performed by a process of beating, and the instru-

ment acts over but a short space upon the grain undergoing the procesB, that

is, while it is under the drum-cover, or about one-fourth the circumference of the

drum-case ; and even during a part of this progress, tho cover is so distant from

the beaters—about 3 inches—that little effect is produced upon the straw

beyond a few inches from the feeding-rollers. There can be no doubt that,

owing to this peculiar construction, when a stray ear of corn, or a sheaf-band,

happens to enter root foremost, it is very likely to pass unthrashed, for

the rollers have no hold of them ; and they are so lightly pressed upon the
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beaters that we cannot be surprised at their passing in an imperfectly thrashed

state.

1298. It has come under our observation, also, that, taking our machines
as usually worked, and applying them to the thrashing of corn cut by the scythe,

the work, from the same cause, is often imperfectly performed, mainly in conse-

quence of many of the ears entering by the reverse end.

1299. Of late years many attempts have been made to improve our thrashing-

machines, by improving the shaking apparatus, apparently forgetting that the

shaker should have nothing to do beyond separating loose grains from the straw.

The duty of the shaker is not to thrash ; and when foul thrashing appears, it is

the drum, not the shakers, that are in fault.

1300. Let us turn to the English machine, which had, till lately, nothing

boyond a drum and feeding-rollers ; and even the rollers can be left out.

The drum, or, as we would call it, the rubber, though armed with what may bo
called beaters, does not, in fact, thrash by beating, but by rubbing the grain

against a wire-grating, and in this lies its best qualities. The drum of this

machine is a skeleton formed of two rings of cast-iron, similar to fig. 472, fixed

upon an axle, and to these rings are fixed six beaters, lying parallel to the axle,

forming a skeleton cylinder. Its diameter never exceeds 24 inches, often as

low as 20 inches, and its length from 24 to 30 inches. It revolves within a
concave, which embraces nearly three-fourths of its circumference, and is

nowhere more distant from the beaters than l£ inch. The concave is nearly

throughout an open trellis or grating, composed of plates and rods of iron and
wire

;
and, to complete all, this drum makes from 600 to 800 revolutions per

minute. In an apparatus of this kind it is impossible that an ear of corn, enter

how it may, can escape unthrashed, or rather rubbed ; for it will be evident, we
think, from the description, that the machine operates by a process of rubbing out

the grain. And, with all the defects that attend those machines, it must bo
granted to them that they thrash clean.

1301. Contrasting these machines, we see the Scotch one operating with a very

heavy, and, from its general construction, sluggish cylinder, its beaters moving
with a velocity of less than 3000 feet a minute, and the grain subjected to its

influence over a space not exceeding 1£ foot; and when worked by four horses,

thrashing at the rate of 26 bushels of wheat per hour, dressing included. In the

English machine is to be seen a small and extremely light skeleton-cylinder,

which, from its structure, must be easily moved, though its beaters move with a
velocity of4000 feet per minute, and the grain is subjected to its influence over a
space ofabout 4 feet, and, when worked by four horses, thrashing at the rate of 36
bushels ofwheat per hour, but not dressed, though in general very clean thrashed.

The straw is perhaps a little more broken, which is sometimes unimportant.

1302. Dray's Two-horse Portable Thrashing-Machine.—In Plato XXIII. wo
give views of a two-horse portable thrashing-machine, as manufactured by
Messrs Dray and Co., of Swan Lane, London. Fig. 1 is a side elevation partly

in section, showing the beater or rubber
;

fig. 2 a plan, and fig. 3 an end eleva-

tion. The machine is fitted with four small wheels, and is generally transported

from place to place on the framing of the 44 horse-gear work," hereafter illus-

trated and described in Division Third, Section First, on Horse Power. The
length of the machine is 6 feet, the height is 5 feet 8 inches, and breadth 4 feet

9 inches. The drum a a, fig. 1, 21 inches in diameter, revolves nearly in contact

with the breast, or concave b b b. The drum-shaft carries a pinion c, 3 inches

diameter, figs. 2 and 3, with which the spur-wheel d d, 25 inches in diameter,

engages. To the Bpur-whoel shaft a coupling e, fig. 3, is fixed, tlus being con-
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nected with the driving-shaft of the " horse gear," hereafter described in the

section on Horse Power. The drum a, fig. 1, is constructed of wrought-iron

rings, and six square wood beaters, plated with iron ; the concave or breast b

is made of wood, with rough cast-iron plates and wire. The corn falls tlirough

the interstices as it is beat out by the action of the drum, while the straw passes

on to the open wood-frame// fig. 3, on passing over which the corn remaining

is further separated from the straw.

1303. The Portable Combined Thrashing-Machine.— In the "portable com-

bined thrashing- machine," now so much used and so favourably known in

England, the operation of dressing and separating are combined with thoBe

of thrashing and winnowing. In this combination, a satisfactory adaptation

is met with, of the manufacturing-like arrangements and general economy

of the Scotch thrashing system, to the avowedly good principle of the beater and

concave of the English plan of operating, as just described and illustrated in

Plate XXIII., figs. 1, 2, and 3.

1304. From a paper on " Barn Machinery," read by Mr William Waller before

the " Institution of Mechanical Engineers," November 5, 1856, we learn that the

first portable thrashing-machine on wheels, which was driven by the power of

steam, was made in 1842 by Messrs Tuxford, the agricultural engineers of Boston.

In tliis case the engine was in the same frame. The same firm brought out the

first combined machine, in which the corn was dressed and separated, as weD as

thrashed and winnowed, early in 1844. Many firms are now celebrated for their

manufacture of this form of machine—as Messrs Garrett, of Suffolk; Messrs

Hornsby and Son, Grantham ; Messrs Barrett and Exall, Reading ; Messrs

Clayton and Shuttlewortli, Lincoln ; and Messrs Humphrey, Pershore.

1305. Garrett's Portable Thrashing-Machine.—In fig. 475 we give a perspective

view of a portable combined thrashing, finishing, and dressing machine, manu-

o*hk«ii'» FOKi4.au lAiiinmru iuh ,.«lunu kiAtkiixi m re a»n c

:

ivk

factured by Messrs Garrett and Sons ; and in Plato XXIV. views of the same

to scale, fig. 1 being a side elovation, fig. 2 a longitudinal section, and fig. 3 a

plan. The extreme length of the machine is 17 feet 4 inches ; the height 8 feet
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4 inches ; and breadth, including wheels, 7 feet 8 inches ; the breadth of body
being 4 feet 10 inches. The machine is supported on four wheels, the two front

being 2 feet 9 inches in diameter—the two hind, 3 feet 9 inches.

1306. The following is a description of the arrangement of its parts, the letters

of reference being made to fig. 2, Plate XXIV. The man feeding the machine
stands in the box or dickey a a, 17 inches deep, 20 inches long, and 16 inches

wide. The sheaves are passed through the aperture b b, 2 feet 2 inches in width,

and extending across the machine, as shown at * a s in the plan, fig. 3. It is then

taken up by the drum c c, fig. 2, 1 foot 8^ inches in diameter, and 4 feet 3^
inches long, and thrashed between it and the concave or breast d d d, which is

adjusted by the link e. The straw then passes out from between the drum c

and concave d <f, at the point/, to the straw-shakers g g, h h, 8 feet 10 inches

long, 12 inches broad, and 4 inches deep. In this form of shaker, known
as the " cross-shaker," the boxes g g, h h move alternately up and down. The
crank by which the vibratory motion is given to the boxes is placed in the

centre of the length of the box ; while the links—one of which is shown
*tjj, the length of link from centre to centre being 14| inches—on which
they vibrate, are placed at alternate ends. By this arrangement, the ends of

each box have a different amount of rise or lift given to them: thus, the

ends nearest the links rise a distance equal to the vibration of tho link jj from

its lowest to its highest point of movement, while the ends nearest the crank

have a rise nearly equal to the throw of the crank ; and as two of the four

shakers have the links at the outer end, while tho other two have their ends

free, the straw, on passing out from the machine, is tossed up and down by tho

ends of the two free shakers, while it has a forward or progressive motion given

to it by the other two, or those which have links, as J.;, attached. Any corn

remaining in the straw after it is passed on to tho straw-shakers, is thus shaken

out, and falls on to the vibrating screen k k, 7 feet 10J inches long, and extend-

ing across the machine. This screen has a vibratory motion given to it by a

crank L, through the medium of a link or lover m w», 4 feet 11^ inches long from

centre to centre. Tho corn passes from the screen k k, and mixes with the

greater bulk which falls from the drum and concavo on to the second vibratory

screen n n, to which the vibrating motion is communicated from the crank / by
the link or lever o o, the length of which from centro to centre is 5 feet 1

1

inches. The cavings or short straws pass ofT at the end p of screen n n ; while

the corn and chaff are delivered to the winnowing-machine q q, from whence the

chaff is blown by the action of a blower, the shaft of winch revolves in bearings

r, and which receives motion from the bevel-pinion s, driven by tho bevel-

wheel t. The corn is then passed to the 44 aveiling " apparatus or hummeller
u «, 7J inches down, and extending across the machine. This is used for taking

off the horns or avels from barley, and, in the case of wheat, for destroying

any smut-balls, &c., that may remain among it. After passing through the u avel-

ler," the corn is lifted up by the elevator, part of which is shown at v v, to the

finishing dressing-machine to w, 18 inches broad and 1 1 inches deep ; from

which it passes to the rotatory grain-separator x ar, 2 feet in diameter, fur-

nished with a rotatory conductor. From this it is delivered into four spouts,

one of which is shown at as " best corn," 44 seconds," 44 chobs," and 44 dross."

1307. In communicating the motion of the steam-engine which drives the

machine to tho various parts, tho principal feature is the patent intermodiato

shaft z z, supported in the main frame of the machine, which takes the power
off the engine, and distributes it to the drum and other parts. This arrangement
gives a steadier motion to the various parts than when the power is, in the first
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case, laid on to the shaft of the drum or beater—which requires a high velo-

city—and from thence to the parts requiring slower motion.

1308. In fig. 1, Plate XXIV., a a is the main driving-pulley, 2 feet 8 inches

diameter; b b the pulley of the drum or beater, 12 inches diameter; cca small

fly-wheel fixed on the shaft, 24£ inches in diameter, which drives the shaker-

cranks, fig. 2 ; d d, fig. 1, the pulley, 14 inches diameter, of the shaft which
works the crank /, to give motion to the vibratory screens k k, n n, fig. 2

;

e e, fig. 1, the pulley, 11^ inches in diameter, which gives motion to the fanner

or blower of the winnowing-machine q q, fig. 2 ; //, fig. 1, the pulley, 14 inches

diameter, giving motion to the barley-aveller u u, fig. 2
; g g, fig. 1, the pulley,

10 inches in diameter, which gives motion to the rotatory-screen separator x x,

fig. 2 ;
A, fig. 1, is the cover of the adjusting apparatus of the concave or breast

ddj fig. 2; t, fig. 1, the pulley which drives the pulley g g—the shaft of this

crosses the machine to the opposite side
; jj, fig. 1, the gearing for driving the

finishing dresser w w.

1309. In the plan, fig. 3, Plate XXIV., the same letters of reference as in

fig. 1 denote the same parts. The pulleyj j, 17 inches diameter, is that which

gives motion to the shaft of the pulley » », fig. 1 ; I /, fig. 3, the pulley, 13£

inches diameter, which gives motion to the shaft of the gearing jj, fig. 1

—

this pulley being driven by a belt passing round the pulley m m
y

fig. 3, 9

inches diameter, fixed on the main shaft of the driving-pulley a a. The pulley

n n, 19 inches diameter, driveB, by means of a crossed belt, the pulley o o, 2 feet

2 inches diameter, fixed on the shaft of the shaker-crank, fig. 2; p p, fig. 3,

is the fly-wheel on the

shaft of pulley d d. The

pulley q, 5 inches dia-

meter, drives, by means

ofa crossed l>elt, the pul-

loyjjy
which works the

elevator, of which the

case is at r r r ; s s s the

drum, b b its pulley, / the

dickey, u u the shakers,

v v the delivery-spouts,

c c the fly-wheel.

1310. Hormby's Port-

able Thrashing-Machine.

— In Plate XXV. is

given a longitudinal

section of the thrash-

ing-machine invented

and manufactured by

Messrs Hornsby and

Sons, Grantham, Lin-

colnshire ; in fig. 476

a transverse section

;

and in fig. 477 a front

elevation, all drawn to

the scale shown in

Plate XXV.
1311. The extreme

length of the machine is 16 feet 7 inches ; the breadth over all, 6 feet 9 inches,

TRAMBVIIutX »»> !.» UUUHIIil'l Ttl •* « Ul MO-HAO UIN I »C*L» IN PLAT» XXV.
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not including travelling^wheels
;
including travelling-wheels, 8 feet 3 inches.

The height from ground-line to top of elevator 9 feet 7^ inches ; the diameter

of front travelling -

wheels, indicated by
the circle a a in Plate

XXV., is 3 feet; of

hind-wheels, indicat-

ed by the circle partly

dotted b 6, 4 feet.

1312. The follow-

ing is a description

of the various parts

:

The machine is fed at

the dickey c e, Plate

XXV., over the feed-

ing-board d to the

drum e e 22 inches

diameter. The drum
is composed of eight

half-round malleable- r

iron buttoned beaters.
J

The sheaves pass be-

tween the drum e e

and the

screen g g.

Fig. 477.

concave

mo»T »l»v*tio5» or nensBBT • TBiuaiiixa mon

or

the dis-

tance between which
and the drum is capable of adjustment,

the straw-shakers h ft, hung at the

The straw is next passed to

front end near the drum in links

or swing-levers i V, and receiving an up-and-down motion at the back ends

through the medium of the throw-crank it. There are four of these boxes,

as shown at a a a a, in fig. 476, the upper surface being formed of a series of

I convex or angular openings, and furnished with spikes, as shown in Plate XXV.
In fig. 476, b b is the throw-crank. The length of the shakers is about 11 feet

3 inches, the breadth about 15 inches, and depth 6 inches. The straw is passed

along the length of the shakers h h, Plate XXV., and delivered at their back

ends, while the corn, pulse, chaff, &c. remaining in tho straw when passed from

the drain falls through the slots or openings in the boxes of the shakers to the

trough I, which is placed at an angle ; the sides also being inclined, as shown
by the lines c c, c c, fig. 476. From thence they are taken up an incline by the

Archimedean screw m m m, the length of which is about 6 feet 3 inches, and dia-

meter 15 inches, and delivered to the first riddles n n, in passing through which

to the second riddles o o they are subjected to the action of the blast of air from

the revolving-fan p p. The tailings pass off into the trough q y, in which a hori-

zontal screw r revolves ; this delivers the tailings to the Archimedean screw ««,

which re-delivers them to the dressing machinery. By the action of the blast

from the fan p p, the chaff and pulse are blown into the riddle t f, where they

are cleaned, the chaff falling into the receptacle u u, and the pulse into the

receptacle v v. The riddles n n, o o are suspended by the links w tv, and the

riddle 1 1 by the links x x
;
they receive motion through the medium of con-

necting-rods y y and from eccentrics fixed on the shaft of the screw r.

1313. The good corn is passed from the lower riddle o o, Plate XXV., to the

shaking-shoe a' a', from whence it is delivered to the elevator b' b\ by which

Digitized by Google
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it is taken up to the barley awner or hummeller c
7
, where the wheat is freed

from the husk, or, as the caso may be, the beards or awns taken from the

barley. The corn is at the same time propelled by the awner c* on to the

riddles df d\ shown at e e, fig. 476, and which receive motion by means of the

connecting-rod/ of the eccentric g ; h h are the links by which the riddles e e

are suspended. As the corn passes through the riddles <f <f, Plate XXV., it ia

Bubjected to the action of the blast of air from the fan t! J, 18 inches in

diameter. From the riddles d' d the corn passes to a second barley-awner or

corn-cleaner, shown at i in fig. 476, and which runs parallel to the side of the

machine. The knives of this are arranged in a helical form, so as to propel

the corn along to the screen f /, Plate XXV., from which it passes to a
blower, whore it receives the action of the blast of air from the fan g

f the

light corn passing from the spout A', or from the spout a, fig. 477—the best corn

from the spout c, fig. 477, and the screenings from the screen /'/', Plate XXV.
The screen /' /' is suspended from the links d a\ fig. 477, and receives its

vibrating motion by means of the connecting-rod c, of an eccentric fixed on the

end of the shaft of the pulley/, which drives the pulley g of the fanner^/,
Plate XXV. In fig. 476 k is the screw corresponding to m m in Plate XXV.,
I the shaking-shoe corresponding to a' a', and m m the elevator, corresponding

to the elevator V b', V V, Plate XXV.
1314. Clayton and Shuttleworth s Fixed Thrashing-Machine.—In Plate XXVI.

wo give two views of a fixed combined thrashmg-macliine, manufactured by
Messrs Clayton & Shuttleworth, of Stamp End Works, Lincoln—fig. 1 being an

elevation of the corn-delivery side of tho machine, and fig. 2 a longitudinal

section. The extreme length of framing is 14 feet 3 inches, breadth 5 feet 3£
inches, and height 9 feet ll£ inches.

1315. The following is a reference to the letters in fig. 2, Plate XXVI. : a a is

the dickey, 25^ inches deep, 20 inches wide, and extending across the machine

;

b the mouth of tho machine, 25^ inches wide, and extending across tho length

of Ixjatcr-shaft, into which the sheaves are fed to the drum or beater c c, 22 inches
.

in diamctor, and 4 feet 6 inches long. The drum carries beater-plates on its

periphery ; and by the action of those on tho sheaves while being drawn over the #

concave or breastwork d d, the grain is beaten from tho ear. The concave d d
is adjusted by set-scrows at e c. The straw is passed from the drum and con-

cave into the chamberff. Tho straw, with such corn in it as may have passed

from the drum and concavo, is thrown on to the straw-shakers g g, h A, of which

g g is 8 feet 11 inches long, and A h 8 feet 3 inches; the depth of these at one

end is 5, and at the other 3£ inches. There are five of these boxes—of which

there are four 10$ inches wide, and tho fifth, or central one, 8£ inches. Of
these five boxes, the second and fourth have two links, one of which is shown
at i i, the length of which, from centre to centre, is 14 inches. The inner ends

of the other three shaker-boxes, one of which is shown at g g, are prolonged

beyond the ends of the other two, as h A, to admit of tho throw of the crank k,

which gives them motion, and are attached to a cross-barjt
extending across the

machino, and carried by two links outside the framework.

1316. In fig. 478 we give a part of end elevation at straw-shaker end, in

which abede are the five shakers, of wliich the second and fourth, b and d, are

provided with links/,/, / /. The grain which is shaken out of the straw by the

action of tho straw-shakers, falls on to tho shock or shogging-board I Z, fig. 2,

Plato XXVI., suspended by tho links m in, and to which a vibratory motion is

given by the crank at o (gg, fig. 478), through tho medium of the lever or link

p jj, 4 feot 4$ incho8 from centre to centre.
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1317. To the riddle-board q q, fig. 2, Plate XXVI., the whole of the gTain and

chaff is brought to be dressed, which falls directly from the drum and concave,

guided by the board r r, and

from the straw-shakers g g,

hL This riddle—which is

worked by the links * *, 3 feet

104 inches from centre to

centre—is of a coarse mesh,

so as to take ofT the cavings

or short straw, those being

passed off at the end. The
grain passes through upon
the board / r, below the riddle

q q, on to the second riddle

u u, having a finer mesh.

The grain hero meets a blast

of air from the blower or fan

v r, 22 inches diameter,

which drives off the chuff through the opening w. The grain next falls on to

the third or fine riddle x x, through which it passes—small stones, &c, being
passed over the end—to the spout y, which delivers it to the shoo of an " ele-

vator." From this it is taken up by the " cans" and delivered to the barley

"aveller"or 11 hummeller" z z, into which the corn is passed. From this it is

delivered to sacks, should it not be required to be dressed. In ordinary circum-

stances, however, it passes from the livelier z z again to the riddle-board q
where the same process is again gone through. It is from the last riddle, x x

y

delivered to the shoo a a of a second elevator b b, fig. 1, Plate XXVI., which
delivers it to the chamber c of the separator. In passing out of the chamber c,

as shown by the arrow, a powerful blast of air from the fan or blower d d
projects all light grain through the shoot e. e, from whence it is taken out by
the spoutf. The heavy grain passes through a revolving screen placed at

an angle in the case h h. This screen is composed of different meshes, and
passes the grain to different spouts—the small grain to that marked 1, the larger

toj; the best corn only passing completely through the screen, and being
delivered at the spouts k k.

1318. The peculiar arrangement of this corn-dressing screen will bo described

in a succeeding paragraph, and illustrated in Plate XXVIII.
1319. In fig. 1, Plate XXVI., the other parts not referred to in the above

description are m and n, the set-screws by which the concave d <f, fig. 2, is ad-

justed ; o the suspending links for the shock-board I /, fig. 2
; p p, p p the links

for the riddle-boards q fig. 2, and q q the links for tho straw-shakers g g,

fig. 2 ; r r is the barley-aveller, and 8 8 the end of the riddle q q in fig. 2.

1320. The thrashing - machines illustrated in Plates XXIV., XXV., and
XXV I., are suited for largo farms, where steam-engines of from six to eight

horse-power are employed.

1321. Drag's Four-Horse Portable Thrashing - Machine. — Iu fig. 4, Plate

XXIII., wo give the section of a thrashing-machine to be worked by a four-

horse engine only, this form being introduced by Messrs Dray, Swan Lane,

London. The length of the machine is 12 feet 8 inches, the height 7 feet 3

inches. The following is a reference to the various parts : a tho mouth,

16 inches wide, by which the grain is fed to tho drum b b
y
19 inches in dia-

meter; c c the concave, adjusted by tho sct-scrow d\ e e the straw-shakers,
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four in number, suspended at the outer ends by links f/, and having a vibra-

tory motion given to them by cranks, as at g ; h h a conducting-boardt
which

leads the grain passing from the shakers e e and concave c c to the riddle i i.

The board h h and riddle i » are worked by the crank j j, and the links or levers

k and J. The first riddle t t takes out the cavings or short straw, the corn and
chaff pass on to the board m m, and from thence to the second riddle n n, where

it meets the blast from the fan or blower o o, 19 inches in diameter, by which the

chaff is blown out. From the riddle n n the grain passes to the boardp p, on to

the third riddle q q, from which it is delivered by the spout r to the shoe of an

elevator, which delivers it through a spout placed at a sufficient elevation to

admit of a sack being set below it.

1322. American Thrashing-Machine.—As a machine presenting some features of

novel arrangement, wo give, fig. 479, a section ofan American thrashing-machine.

The sheaves are fed by the inclined feed-board a ; b b is the drum, c the concave

Fig. 4T9.

•m ri M i«d bcau or as amkuk:**

or breast ; the grain and straw are delivered to the straw-shakers d d, revolving as

an endless web on two rollers or drums e e ; the straw is taken off by the second

endless web//; the grain is passed down the shoots g and h to the riddles i x,

where it is met by the blast from the fan k k, and delivered by a spout below.

1323. Barn-Fanners.—The fanners referred to in the description of the Scotch

thrasliing-machine is the common winnowing-machine or fanners, and is here

represented in figs. 480, 481, and 482. The first figuro is an elevation, the

second a longitudinal section, and the third a transverse section. These figures

exhibit in detail a fanner that is considered to be of the most approved con-

struction, both for cleaning and separating the various qualities of grain. A
scale of feet applicable to all the figures is attached to fig. 480.

1324. The principle on which the blast of the fanner is produced being so

well known, it appears unnecessary to do more than merely to say, that it is

produced by the quick revolution of a light four or five vaned fan within a case,

the air being inhaled tlirough central openings in the sides of the case, and
discharged with considerable force by a lateral opening in the curved side of

the case, through which it is discharged upon the grain as it falls from a hopper.

The grain thus subjected to the effects of a strong current of air undergoes a
mechanical separation and distribution ; and in this machine these separations

extend to five divisions : 1, the sound and best grain
; 2, an inferior quality

in respect of individual bulk of the grains
; 3, extraneous small seeds

; 4, light

grain, and grain with husks attached ; and. 5, the chaff. These separations

go on simultaneously, and the proceeds of the different divisions are eacli

collected separately.
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1325. The machine, in its dimensions, measures 6 feet 9 inches in extreme

length, 4 feet 9 inches in height, and iu breadth 1 foot 9 inches. In tho eleva-

tion, fig. 480, the following parts are exhibited : The framework, formed usually

of hardwood, consists of the principal frame a, which is usually made double,

y u
11 • 0 1 I *

I l i I Iritri I I

1

I feet

TBI BLSVATtOM AND BOAIJi or DIUtSSIMO-rANtiaaa.

*or in halves, for the convenience of removing the outward half of tho fan-case,

and of the back-frame b. The distance at which these frames are placed apart is

3 feet 8 inches, and the axle of the fan has its bushes in the line that joins tho

principal frame. Tho side-boarding c c is of {-inch deal : in laying it out, the

centre of tho fan d is 3 feet from tho bottom, and the radius of the fan is 1 foot

6 inches. The air-ports e are furnished with tho sliding-panelf?//*, by which
the admission of the air, and ultimately the force of the blast, can be regulated.

The crank d has a radius of 1^ inch ; and the connecting-rod g communicates
motion to the double or bell-crank spindlo A, whose office it is to movo tho

riddle-frame. The hopper t receives tho rough grain, and the spouts k I m
deliver respectively the first, the seconds, and tho light grains, after separation

in the machine
;
but, as it would be inconvenient to deliver these all at one side,

there aro corresponding sliders k' I' m ; and each sido boing provided with

spouts and sliders, tho sliders aro shifted so as to cause tho three qualities to be
delivered, two on ono side, and the third on the opposite sido. The slot-bar n
is for tho purpose of adjusting the length of the fourth foot of the machine to any
inequalities of the barn floor.

1326. Fig. 481 is the longitudinal section, where a a is tho main frame, b b
tho back-frame, and c c the side-boarding ; d d is the fan with its five vanes, and
e the air-port. Tho fans revolve within the circular case f g h, tho space /g
being open for tho discharge of the air ; tho position of tho point/ is determined

by taking the chord of an arc h i = 12 inches, and hf a tangent to the curve at

2b
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the point h. Then, with a horizontal distance of 15 inches from the diameter

a t, cut the tangent in the point /, and drawing / k parallel to a i, and the

iai LynoiTVi>j>i*A akonoii or tan Mut»»:s^ rAM.s*K«.

position of a side of the spout, is given. The width of the spout k is 7^
inches, that of J, 4 inches, and of m likewise H inches, leaving the intermediate

space n' 8 inches. The openingfg in the case for the discharge of the blast is

20 inches ; and the funnel-board g o, 9 inches in breadth, is so placed that, if

produced, it would meet the tangent hft
when also produced, in the line of the

upper edge of the side-boarding at a point p. The shoe and riddle-frame, of

which o q r s t\B one of the sides, has the shoe s t, 13 inches in breadth, nailed

upon the under edges of the two sides, sloping at an angle of about 18°, while

that part of the sides that form the riddle-frame lies horizontally, and is 6£
inches in depth. It receives two riddles, slid into the grooves u and r, and the

entire frame plays horizontally on a pivot in t. The hopper to is 28 inches

square at the top edgos, the side sloping inward to 9 inches in width and 7^
inches in length, whore it meets the shoe, and is fitted so as just to let the shoe

vibrate freely below it. A sluice o is fitted to the front of the hopper, and

moved by the screw-winch x to regulate the feed. The sieve-frame a' b' is 28

inches in length and 5 inches in depth ; the two sides are connected by the

bars c' and d at a width of 15 inches over all, being the same breadth as the

riddle-frame. This frame is also provided with two sets of grooves e' and /',

which receive the sieves ; and the frame is supported in front on a pivot at af
t

or, as in most cases, it is produced to g. Both frames are supported behind by

the chains b' and h\ attached to the stretcher-rod b. The toothed wheel i, seen

in part through the air-port, is turned by the winch-handle it, seen in fig. 482,

and acts upon a pinion fixed upon the axle of the fan. The proportions of the

wheel and pinion are 4£ to 1, the fan making from 212 to 220 revolutions per

minute. The space k', fig. 481, is a locker in which the spare riddles are kept,

V being a lid that opens into it ; c n is a slider that can be raised or depressed
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to catch the light grain, while it allows the chaff to pass over. The sieve-frame

a' b' is famished with two wire-cloth sieves ; the upper one has 9 meshes in

the inch, the lower 7 meshes.

1327. The full complement of riddles for the riddlo-frame is six, of which
two only can be employed a); one time. Their meshes are, for wheat 5 in the

inch, for barley 4 in the inch, and for oats 3 in the inch. The slap-riddles are

| inch, and 1 inch in the meshes.

1328. Fig. 482 is the transverse section ; a a the frames, c c the side-board-

ing; m m are the light spouts, corresponding to m of figs. 480 and 481 ; m
are the sliders to change the direction ng. 4a.

ofthe discharge, and o' p' is the sloping

division o' p' of fig. 481. The sieve-

frame, with its two sieves, is contained

between a! and b\ fig. 482 ; and / /
are two Haunch - boards, sloping over

the sieve - frame, to direct the grain

upon the sieve. The riddle-frame, with

its riddles u and v, are contained be-

tween r and o ; and to is the hopper,

with its sluice s. The end of the con-

necting-rod g, fig. 480, is seen at g, as

jointed to the bell-cranks that shake

the riddles and sieves by their attach-

ment at V and o ; t' is the toothed wheel,

with its winch-handle £, and framework
Z, by which the fan is impelled.

1329. When these fanners are in

operation, the blast is sent through
the tunnel / g o b'

t
fig. 481. Its chief

force is directed upon that end of the

riddles q o ; and as the grain falls

from the hopper upon that end of the

riddles, the lighter chaff is immediately
blown off beyond the point c. The remainder, with the grain, will be passing

through the riddles towards the sieve ; and during this stage, any remains of

chaff are blown off, and the light grain and seeds are blown beyond b'. The
blast not having power to carry them over c, they fall down between c and b',

and are disci)arged at the lights spout m, (and m, fig. 480), at the same time the

heavy grain and seeds fall upon the upper sieve when all the plump full-sized

grains roll down over this sieve, and are delivered at the first spout k, (and k, fig.

480). These grains, together with other seeds, whose specific gravity exceeded
the lights, but whose bulk was under that which the upper sieve is intended

to pass, fall through the meshes, and are received upon the lower sieve e
/

;

upon tins the grain so received rolls down and is delivered through a small

opening at the foot of the sieve e' into the chamber of the seconds spout 2,

(and /, fig. 480). The smaller seeds, such as those of the wild mustard and
others, being too small to be retained even upon this sieve, fall through it,

and are received into the chamber n', from which they are removed at conveni-

ence through tho aperture p', which is closed by a sliding-shutter.

1330. The usual price of this barn-fanner, with its riddles and sieves, is £9, 9s.

1331. The Finishing Fanners, or Duster.—This fanner, fig. 483, is of simpler

construction than fig. 480. On many occasions it may take its place
;
and, from

IBI TRAMAVE flak atOTlC* or TU» DKAMlWO-FA-.Mll'i
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its lightness of working, may be always employed for giving the finish after

hummelling, or when grain has lain any time in the granary. This, in regard
to blast, is constructed on the same principle as the other ; but in its details

is much simplified. Fig. 483 is an elevation, in which the framework is simi-

lar to fig. 480, but its over-all dimensions are smaller, the extreme length being

FIK.«a.

TH» BUTATIOM Or Till rUtMUrKO-VAKMdU Oil VV»J»H—«CaJ_» UaUM AS 1M FIO. «80.

5 feet 8 inches, the height 4 feet 8 inches, and the width, as in the other,

1 foot 9 inches. The main frame a a is again made in halves, and the back

frame b is placed at 3 feet from the main. The diameter of the fan is 3 feet,

and of the air-port c 16 inches. The wheel d, and its pinion on the axle of the

fan, are in the same proportion as in fig. 480 ; but on the axle of the wheel, a
pulley, of 5 inches diameter, is mounted, which, by means of a cross-belt e,

drives the pulley /, of the same diameter, plaoed upon the axle of a feeding-

roller. The side-lining g g is formed to the taste of the maker, except in that

part which forms the fan-case, and in the parts h and i, which are cut away to

afford moro ready access to the lights, and to small seeds that may have been

separated : k and I also are handles by which it may be lifted.

1332. Fig. 484 is the longitudinal section, where, as above, a a and b b are the

cross-rails of the frames, and c the air-port. In this machine the blast is sent

directly through an open tunnel, the opening d e being 17 inches, and/^r 11

inches ; the latter being continued outward from the feeding-roller h, which is

so placed as not to offer any obstruction to the current. The hopper t is fur-

nished with a Blider k, which is adjusted to the requisite feed by the screw I
;

and the sole of the tunnel from to to d is a solid board, while the shoot from d
to n—the point of discharge for the firsts—is a wire-sieve. The opening

between the case d and the sole is 3£ inches, and the slope is an angle of 35°.

That part of tho sole m d, and the board g o, are both fitted to slide up or down
to temper the division of the lights, should any of them remain ; and p is a
division, separating the lights from the small seeds.

1 333. Fig. 485 is tho transverse section : a a are the frames, b is the winch-
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handle, e the wheel-framing, and g the wheel
; / ia tlje pulley of the feeding-

roller, h the roller, and i the hopper. Of the interior parts, p is the division

run LOHorruuiHAi. •ortOK or tu« IHBHa CR UOIIB.

under the solo, m ia the sole as seen below, and d d are the vanes of the fan, e e

being its axle.

1334. In operating witli this fanner, the grain ia taken from the hopper by
the revolution of the feeding-roller

; ^ ^
and as it falla perpendicularly in a
thin sheet, ia intercepted by the

blast under the most favourable cir-

cumstances. All such chaff and dust

as yet remain amongst it is blown
over the back-board g, fig. 484 ; the

light grain that may have remained

is separated also, and falls between

g and m, down the spout g o ; the

remainder runs down the solo m d
y

and in passing from d to n, should

any small seeds yet remain, they

are intercepted, and fall through the

screen d n, while the good grains

pass on and are delivered at n.

1335. The price of this fanner is

£6, 15s.

1336. The Thrashing-Machine Fan-
ners.—The thrashing-machine fan-

ners differ so little in their esBcntials

from fig. 480, that it nppoars unne-

cessary to give a figure of it. The
width for a 6-horse-power machine

Till! TI«»Nf.v«l,j.» Tt< V < r ,11* HVWHHO FAUNTRft
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ought to be considerably more than the common fannore—not under 24 inches,

nor is it requisite that it should exceed 30 inches. The fan is of the same
diameter, and the first spout stands in the same relation as described in fig".

481, but should be 20 inches distant from the vertical line passing through

the centre of the fan, and 9 incheB wide. There is no spout corresponding to

the seconds of fig. 481 ; but the foul-spout takes the place of the lights,

and is 11 inches wide ; the distance between them should be 22 inches.

The riddles and sieves of fig. 481 are entirely left out, and in their place is a

simple shoe, of 2 feet 10 inches in length, with a sheet-iron bottom, which is

perforated all over with I-inch holes at £ inch apart This is placed under
the great hopper, and is agitated by a connecting-rod from a crank on the fan-

axle, in the same manner as exhibited in fig. 480. The extreme length of

the machine-fanners should be 8 feet, and their height 4 feet 10 inches.

1337. Dray's Corn-Dressing Machine.—In Plate XXVII. we give two views

of the corn-dressing machine manufactured by Messrs Dray and Co., of Swan
Lane, London Bridge

;
fig. 1 being a side elevation, and fig. 2 a longitudinal

vertical section.

1338. The principal features of this machine are—1, By using the straight-

forward throw to move the riddles, the whole width of the machine is made
available

;
whereas, in other machines, one-third of the machine is occupied

by the cross movement of the riddles. 2, The same movement is made to

answer the purpose of a feed-roller, and it supersedes it, as spiked rollers will

frequently clog up in roughing. 3, The extreme simplicity of the machinery

required to move the riddles and screen causes but little friction, and therefore

takes but little power.

1339. The motion is given to the machine by the winch-handle a, fig. 1, on
the shaft 6, on which is keyed a spur-wheel c, 15 inches diameter, gearing into a
spur-pinion a\2\ inches diameter. This pinion d is carried by the fan-shaft «,

supported by brass bearings on the frame of the machine. On the extreme ends

of the shaft e are keyed two eccentric plates /, 3| inches diameter, from which
the motion is conveyed by connecting-rods g, 22 inches long from centre to

centre, to tho vibrating-rods A A, 19 inches long; from the top and bottom of h
are hung the riddle-case k k, and screen / Z, fig. 2. The screw i is that by
which the elevation of the riddle-case k it, fig. 2, is adjusted. The adjustment

of the screen I lis obtained by the chain j. The slide to, fig. 2, opens and shuts

off the feed. On passing from the hopper o o, the corn is carried past the slidem
along the coarse riddle p, which carries off all stones, cavings, &c. ; it next

falls through this on to the second riddle y, which carries off knottings, these

passing through the spout r r. Tho corn then falls on to the conducting-board *,

and from thence to tho screen I /, where the light corn and seeds are separated

;

the good corn being delivered at t.

1340. When the dressing is required to be more thoroughly done, the board

u is turned down so as to prevent the feed-board n taking the corn in too fast

The inclination of the riddles p and q which vibrates on tho pivot t», is regu-

lated by the adjusting-screw t ; w is one of the five fans, and y y are handles by
which the fanners are removed from place to place, being projecting parts of

the lining. In fig. 1 i is the adjusting-screw as t in fig. 2, k the rough spout

as at r r, Z the good-corn spout as at t, fig. 2, and m the 6tore for riddles.

1341. Palmer s Rotatory Corn-Separator.—In Plate XXVIII. we give dif-

ferent views of Palmer's patent rotatory corn-separator, to which we have already

alluded in par. 1318, as being used in Messrs Clayton and Shuttleworth's

thrashing-machines. Tho peculiar feature of this rotatory corn-separator or

screen, is tho employment of longitudinal divisions or partitions of iron or
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steel, set side by side in the interior of a revolving cylindrical screen or sieve

of the ordinary character. These partitions are set at such a distance apart,

that, as they rotate, they carry the grain up the side of the screen or cylinder,

but not so far as to turn it over or round the centre. As the grain enters

the elevated end of the screen, the partitions tend to distribute it over the inner

periphery, and to return a larger amount of it in contact with the wire-work of

the screen than is due to specific gravity, or to the momentum of the revolv-

ing-screen. The partitions, also, as they are carried round by the rotatory

cylinder, dip into the corn lying in the lower part of it, and by their rubbing

a^inst the corn tend to arrange the individual grains in the direction of the

length of the meshes of the cylinder, and thus to facilitate their escape from
the screen.

1342. In Plate XXVIII. we give various views of the separator, drawn to a

scale of 1 inch to the foot. Fig. 1 is a longitudinal vertical section
;

fig. 2, half

of the end elevation, partly in section
;

fig. 3 an edge view of a few of the par-

titions ; and fig. 4 a front view of a single partition. In fig. 1, a a is the frame-

work of the machine ; b b the central shaft, or axis of the screen c c, receiving

motion through the medium of the bevel-gearing d e. Motion may be given to

the rotatory screen by means of a winch-handlo fixed to the upper extremity of

the shaft b b. The cylinder or screen c c is composed of wire wrapped heli-

cally round longitudinal rods, these being riveted at their extremities to rings

//» 9 ffi which are connected by radial arms, shown at a a, fig. 2, to the central

shaft b 6, fig. 1. The meshes of the cylindrical screen c c, fig. 1, are composed
of wire of four different gauges, the finest being at the feeding end g g, the

coarsest at the discharging end / /. Attached to the radial arms a a, a a,

fig. 2, are two longitudinal bars, one of which is shown at b b in fig. 2, and
at k h h in fig. 1. These extend from end to end of the cylindrical screen c c,

fig. 1, and are fixed at opposite ends of the shaft b b. From these arms, bars e,

fig. 2, project, and carry at their extremities the partitions d d, d d. These
partitions, d «?, d dj are arranged side by side at a distance of

1J inch from each
other, as shown in fig. 3, and the forward end of every alternate partition is

set forward in advance of its neighbour. By this arrangement, all the ends of

the partition do not come into contact with the grain at the same moment,
and their rubbing action is thereby facilitated. In order to keep the meshes
clear, a steel-wire brush /, fig. 2, is applied to the screen, being connected to

the framing by the standards g gy
and is capable of being adjusted by the lever

A, and screw *. Messrs Reeves, of Bratton, Westbury, who manufacture this

screen in its separate or portable form for the patentee, give the wires of this

brush a bent form ; this imparts to them an elasticity which greatly facilitates

the cleaning of the meshes.
1343. The corn to be cleaned is fed to the cylindrical screen c c, fig. 1, by

the hopper i i (part only of which is shown in the figure) ; below the cylinder,

corresponding to the positions of the different meshes of which it is composed,
shoots, k I mn n, are placed to conduct the various products of the screening

operation to suitable receptacles, as o p q. By the Bhoot it, the Bmall seeds

and dirt separated by the first division of the screen is delivered to the recep-

tacle o; by the shoot / tho thin com is delivered to the receptacle p; by
the shoot m the tail corn is delivered to the receptacle while the largest and
best corn is delivered to the spout n n. At the end of the cylinder c c, a shoot
** r is provided to receive poppy-heads and other bulky substances which will

not pass through the meshes of the screen c c : these, as they are delivered
from the end of the cylinder to the shoot r r, are carried away to a suitable

receptacle.
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1344. The HummeUer.—The hummelling of barley is a process that, in many
cases, is essential to the marketable condition of that grain, and it is effected

in many different ways. In some cases the thrashing-machine itself is made
the hummeller, by employing a fluted cover to the drum ; in others, with-

out this addition, the barley is shut up in the drum-case for a few minutes while

the drum is revolving, as recommended by the Rev. Dr Farquharson, Alford.*

1345. Another method is with a conical receiver, within which a spindle,

carrying a number of cross arms, is made to revolve, and the grain passes

through this machine, lying nearly in a horizontal position, before entering the

fanners. This form of the hummeller was brought forward by Messrs Grant,

Grantown, Banffshire,f and with some modifications,—which are, however, very

important ones, and give a new character to the machine,—a hummeller similar

to that is now the most approved form, the case being made cylindrical, and its

position vertical. Instead, also, of the grain passing loosely through the cylin-

der, an essential characteristic of the improved machine is, that the cylinder

shall bo always full of grain.

1346. The Cylinder HummeUer.—The cylinder hummeller, figs. 486 and 487,

IS « o 1 s

\~M-rr\ t-t+t i f- I ' ft*

Tirir kt »v«itoj» Axr »»rii™ or tii« rri isrtR ntivtnLiVR

• Prize E$»ay» of the Highland and Agricultural Society, vol. xiii. p. 66. t Ibid.
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of a cylindrical case of wire-cloth, having an upright iron spindle

revolving within it, armed with a number of flat thin blades of iron, kept in

revolution at a high velocity. The grain is admitted through a hopper at top,

keeping the cylinder always full, and is discharged through a small orifice at

bottom, the degree of hummelling depending upon the area of this orifice.

Fig. 486 is an elevation, fig. 487, a vertical section, and fig. 488 a plan of

ibis huinmeller, the same letters marking
corresponding parts in each. The sole-

frame a a rests on the floor of the corn-

bara ; b b are two strong posts rising from

the former, and secured to the beams of the

floor above ; c is a bridge-treo which sup-

ports the foot of the spindle h ; two rings of

wood, d d, whose internal diameter is usu-

ally 10 inches, but varying according to

the power of the machine, are supported by
the uprights//, making the height of the

cylinder 2 feet 3 inches. It is lined with wire-cloth, of 10 or 12 meshes in

the inch, and placed between the posts b b, and is furnished with a bottom g,

which just admits the spindle h to pass through, and having a thin shield on
the spindle, over the opening. The spindle is 1^ inch square ; the blades i i,

of which there are two rows, 5 and 4 in a row, are 2 inches in breadth

and § inch thick, riveted into the spindle ; or the blades may bo cruciform,

with an eye in the centre, through which the shaft passes. The hopper k may
be either formed round the spindle, as in the figures, or it may stand to one

side ; and it may be furnished with a slider I to regulato the feed, though this

is virtually done by the contraction or enlargement of the orifice below. For
want of space here, the figs., 486 and 487, are represented broken off ; but m
is a bridge-piece bolted upon the posts b b, to support tho head of the spindle

at b\ and also the end of tho horizontal shaft n ; the spindle h and shaft n
carry the mitre-wheels o that give motion to the spindle. The spindle requires

to have a velocity of 300 to 400 per minute, and the motion may be convoyed

in various ways, suited to the general arrangements of the machinery. In

the present case, it is brought at once from tho great spur-wheel by a pinion

of the same size as that of the drum, the pinion occupying tho position of

the dotted circle d' in fig. 1, Plate XXI. ; and its shaft is supported on a

bracket appended to the beam c of that figure, at the one end, while the other

has a bearing in the wall that separates the barn from tho engine-house.

1347. Clayton and Shuttleworth's Ilummeller.—The form of " hummeller,"
" awner/' Klg. if*.or "avoller," used in the

English thrashing-machine, as that of

Messrs Clayton and Shuttleworth, is illus-

trated in fig. 489. A shaft a, resting on
bearings b 6, and set in motion by the

pulley c, is provided with a set of knives

d d ; the whole revolving in a casing e e,

set in an inclined position. Tho grain

enters at/, and its passage down the cas-

ing e e is further facilitated by the knives being set in a spiral form on tho

shaft a. The shaft a should make from 400 to 500 revolutions per minute.

1348. Ramome and Sims' Ilummeller.—In fig 490 we give a perspective view

of .an exceedingly compact and well-constructed barley-hummeller, manu-

• tciiv* ur cunun A»t> BuaiiLxwoitTii-* Htumum
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factored by Messrs Ransomo and Sims, Ipswich. The machine stands about
4 feet high : a is the handle by which it is worked, b the hopper, c the

delivery-spout, d the bolts to fix it to the floor. Fig. 491 is a vertical section,

and fig. 492 a sectional plan showing working parts. A spindle a a, 1 inch

diameter, revolves vertically in the step b, and in the bearing of the curved

Fig. m.

TTHttCAt, ngcTION OF RCVUILMIl—ICALS, 1} INUII TO TBI FOOT.

guard c c, connected at its extremities to the sides of the machine. Motion is

given to this shaft by the bevel-wheel d d, shown by dotted lines, keyed on to

the spindle of the handle a, fig. 490. This bevel-wheel tf, fig. 491, engages with

another, e, half the diameter, keyed on to the vertical shaft a a, a little above

the bottom step b. To the central shaft a a, a cylinder //, 13 inches in

diameter and 5^ inches high, is connected. Tins carries on its periphery a

series of wrought-iron pins. These pass between the spaces formed by pins

placed in the interior periphery of the outer cylinder g <7, the diameter of which
is 16 inches, and height 6^ inches. The barley is put into the hopper h A, the

diameter of which, at top, is 1 foot 10£ inches, and height 9 inches.

1349. Rankin's Corn-Cleaner and Smut-Machine.—We now present illustrations

of a double-action smut-machine and corn-screen, as manufactured by Messrs

R. & J. Rankin, Manchester Street, Liverpool. Fig. 493 is a side elevation of

the machine, drawn to a scale of £ inch to the foot. The corn to be cleaned

is delivered by the spout a to the elevator b 6, the buckets of which, c c, deliver it
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ri*s or u CAtr. l\ ISUB to THK FOOT

to the separator e by the spout d. The refuse, as nails, stones, &c, pass from

the spout /, while the n».«*
grain passes down the

spout g and A, to the

cleaner. This is formed

of a cylinder, the upper

part of which is made
of fluted iron, the lower

part of wire-cloth. In

the interior of this cylin-

der another cylinder re-

volves, provided with

beaters. The beaters,

acting on the wheat, in

conjunction with the flut-

ed iron and wire-cloth of

the cylinder, cleanse the

wheat from all smut, and
force it through the

sides to the space be-

tween the cylinder and
the outside casing t i,

which space acts as a

dust-box. Powerful fan-

ners are placed at the

top of the casing at i t,

and drive off all smut,

chafi; &c, which are fi-

nally passed from the

machine by a side spout.

The cleaned grain is then

delivered by the spouts

k k, the refuse passing

from the space between
the outside and inside

casing by the spout I.

The whole is supported

by the pillars m m. Part

of the cylinder t t is

shown in section ; its

upper part, with the flut-

ed bars, is shown at n n
;

the lower part, of wire,

at p p ; the interior re-

volving cylinder, o o, has

longitudinal beaters.

1350. There lias not

yet been sufficient expe-

rience of the English

thrashing - machine in

Scotland to form a cor-

rect judgment Of it8 BU- ^,%„„ co*»-cl««»«r ani. .^T-HAcem-

*

C »t« \ fen to Tire root
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periority over the Scotch thrashing-macliino. Scottish formers, however, seem

already convinced that the beater or drum of the English machine takes the grain

more cleanly from the straw, breaks the straw much less, and thrashes out a

larger quantity of grain in a given time than the Scotch machine. ThuB far the

English machine affords decided advantages. On the other hand, it has been

found that the English machine indents or mutilates the grain itself, especially

now or unwon wheat, and even destroys its vitality. It is believed that if the

downy substance at one end of the grain of wheat is taken away, the grain loses its

vitality. It is quite possible that the sharp quick stroke of the English beater

may actually injure the grains of wheat, and so may those beaters which rub

out the corn from the straw, but one can hardly suppose that cither the beating

or the rubbing of the English drum could remove the downy substance from

the grain ; so that if the vitality of wheat is really affected by the English

machine, it must be so by the hummeller within it, which seems to us to endea-

vour to do too much in the way of cleaning the grain by a thrashing-machine. It

is well, indeed requisite, that a thrashing-machine should take the grain from

the straw, and divide the grosser impurities of chaff and roughs from the grain,

but a question may reasonably be raised whether the grain should be cleaned

to the degree fit for market by. the tlirashing-machine. For our part, we have

never yet seen a thrashing-machine that cleaned the grain as it should be for

market, according to our judgment of cleanliness
;
and, in our opinion, the

English machines attempt too much, and run the risk of injuring the grain.

Now, the Scotch machine, by its slow motion, never injures the grain, and few

attempt to clean it for the market ; but the cleansing process by the Scotch

fanners and the hands of women-workers is perfect and innocuous. The im-

provement which we would therefore desiderate in Scotland in the thrashing of

grain, is the adoption of the high-speed English beater to the degree of not

injuring the grain, with a combination of the most perfect Scotch cleansing

process. Under such auspices the grain would escape injury, and be perfectly

cleansed to the degree to insure its vitality. It is the true object of the farmer

to preserve the vitality of the grain he sells, that it may be sold alike to the

farmer to be sown, or to the miller to be ground. If the miller finds that the

farmer's extent of cleansing does not suit him, he must himself prepare the grain

for his own purpose ; but the fanner, for his own interest, must on no account

adopt any process that will deprive the grain he has to sell of its vitality.

1351. We may hero mention that the shakers adopted in the English machines

—namely, those with the reciprocating and saltatory action—are of Scotch origin.

The invention of the principle was claimed by two persons simultaneously—Mr
Docker, Findon, and Mr Ritchie, Mill of Melrose, both in Banffshire ; and both

inventions are described and figured in the 12th vol., p. 195, of the Transactions

of the Highland and Agricultural Society for 1837 ; but the claim made by Mr
Docker seems to have been as early as the 4th of April 1829.

1352. The Barn Weighing-Machines.—The weighing-machine is an important

article of the barn furniture, and various forms of it are resorted to.

1353. The common beam and scales is the most correct of all tho instru-

ments of tho class ; but it is defective, as being less convenient for tho pur-

poses of the barn than several others that are partially employed.

1354. Steelyards of various forms are also used ; but in all steelyards there

are grounds for doubting their accuracy, in consequence of the operator not

seeing the true counterpoise of the substance weighed, but only its repre-

sentative, bearing an actual weight greatly smaller than the substance, but in

the inverse proportion to it that tho longer arm of the steelyard on which it is

i
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appended bears to the shorter arm. Many of these steelyards, from their com-
pactness, are, however, greatly to be commended

;
and, when well constructed,

and properly adjusted, will be found to answer the purpose of weighing such
bulky articles as grain with sufficient accuracy. Their cheapness also, when
compared with some other instruments on the beam-and-scale principle, holds

out a great inducement for their adoption.

1355. The Balance Weighing-Machine.—A weighing-machine, on the balance

principle, which combines every convenience for the setting on and removal
of the bogs of grain with accuracy and neatness of construction, is exhibited

in fig. 494. This machine is constructed chiefly of cast-iron ; the framework
a a is connected by cross-stretcher bolts 6, and is supported in front on the

wheels c c, while the back parts are supported on the feet d. Tho folding

Klfr. 4SH.

THZ DAHN MUM VtlOULSd-MtCUlHI.

handles e, one on each side, turn on a joint pin at e, and become levers by
which the machine can bo moved about like a wheelbarrow. Tho beam,

parts of which are seen at / /, is double, and also formed of cast-iron, with

steel centres, the two bars forming the beam-stand, and are connocted by a
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diagonal trues. The one end of the double beam supports a cross-head sus-

pended on the end centres of the beam, and to which is attached the pillar g,

to the lower end of which is attached the shelf-plate or scale A, upon which

the principal weights I i are placed. The cross-head carries also the top shelf

or scale it, upon which the smaller weights are placed, and a dead plate I is

fixed on tho framework on wluch the small weights stand ready for use. The

opposite ends of the beam carry a frame m, only partially seen, to the lower

end of which the shelf n is jointed, and upon this shelf the bag o, about to

be weighed, is shown in the figure. To the upper end of the frame m there is

also attached, by a strong bracket not seen in the figure, the shelf or scale p,

and upon this scale the bag may be placed and weighed with equal accuracy,

while it is supported by the light frame q q. The object of tho top and bottom

weighing-shelves is to suit the placement, or the removal of the bag, either

from or to a man's back by the top shelf, or from or to the corn-barrow by

the lower shelf. When the machine is not in use, the lower shelf n is folded

up against the back of the frame, and the light frame or back q q folds down

by a jointed arm over the folded-up lower shelf n, reducing the machine to a

very compact state.

1356. In weighing with this machine, from its being on the principle of

the balance, the amount of weights required is equal to the absolute weight

of the body that is being weighed, and the true weight is determined when the

scales or shelves k and p coincide in one level line with the dead-plate /.

1357. In constructing this macliine, the bottom of the pillar g, and of the

frame m, are provided with a horizontal connecting-rod, which preserves their

parallelism, and, consequently, the correct indications of the beam.

1358. Weighing-machines are constructed, on the same principle, with wooden

framework, which renders them

lighter and cheaper; but from

tho changeable nature of the

material, as affected by moisture

and dryness, they are liable to

derangement.

1359. Tho price of this bal-

ance weighing-machine is £8,

10s. ; and when constructed in

wood the price is £5 or £6.

1360. Portable Lever Weigh-

ing-Machine.— In fig. 495 we

illustrate a portable lever weigh-

ing-machine, in which small

weights on the lever c balance

heavy weights on the platform

//. When the lever a of the

standard e is up, as in the dia-

gram, any weight placed on/
does not affect the balance-

beam c ; but on pulling it down,

it puts the platform/ in connec-

tion with the beam. Weights41. KI AMI K 1 C. k H WIluUIV l-KtCaDIl

are then put on the plate d, connected by a rod with the extremity of the

balance-beam c, these weights representing cwts. The beam c is divided into

parts, each showing a pound, from 1 to 56 lb. After bringing the beam c
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nearly to the balance-level, the sliding-weight b is moved along it till tho

balance is accurately obtained. The weight at d shows the number of cwts.,

and the weight b indicates on the scale of the beam c the number of pounds
beyond the cwts. the article placed on the platform// weighs.

1361. As manufactured by Messrs Dray and Co., the price of a machine of this

class, to weigh 5 cwt., iB £5, 15s. ; to weigh 10 cwt., £8, 16s. ; and to weigh a
ton, £13.

1362. The same firm manufacture a modification of this weighing-macliine,

adapted to weigh calves. This is provided with a movable pen, which is

placed upon the platform //, fig. 495, and in which the calf to be weighed, is

placed.

1363. Section Fourth.—Carts, Waggons.—In Book First, Fourth Division,

Second Section, from pages 124 to 138, we have gone into the consideration

of the philosophy or theory of the action of wheel carriages ; it now remains
for us to describe the construction of their component parts, and to point out
some things of the principles winch direct the modern wheel-maker.

1364. The Construction of Wheels and Axles.—With but few exceptions,

carriage-wheels of all sorts are constructed principally of wood, but bound
and supported with iron ; such a wheel for one-horse , carts consists of the

nave, a turned block of wood, usually elm, 12 inches long, and from 10 to 12
inches diameter, bound at each end with iron hoops : it is pierced with twelve
mortises equally divided around it, into which are firmly inserted a like number
of spokes, always made of oak. A ring of wood in six segments or felloes is

mortised upon the extremities of the spokes, and this is surrounded by the

hoop or tire of iron, either in one unbroken ring, or in segments.

1365. Of wheels so formed there are several varieties. That without the dished

character may be held as a nonentity, except in carriages of one wheel or of three

wheels, where the third or front wheel may be found without dish, and in some
cases where a double inverted dishing is adopted. The dished wheel is that

which has its spokes so placed in the nave that, if laid with the end of the nave
npon an extended flat surface, the point of each spoke would be farther distant

from that surface than the root where the spoke enters the nave, and the spokes
of the wheel thus arranged, when put in revolution, would describe a cup or
dish-form figure, concave above, forming the front of the wheel, and convex below,
forming the back.

1366. The class of dished wheels are separated again into two great divisions

—the conical dished wheel and the cylindrical. The conical is known chiefly in

England, and is that in which the tire, properly so called, is applied in segments

;

and sometimes, as in the wheels of very large waggons, the tire is composed of

two, three, or four breadths of iron. In wheels of tins kind the tire is some-
times applied in one ring or hoop ; but its object as a binding-hoop is in a great

measure frustrated by the conical surface to which it is applied, and hence the

necessity of such solid tires being secured by strong rivet-bolts passing through
. it and the felloes, to prevent its dropping off the wheel. The cylindrical wheel,

like the conical, may have any degree of dishing given to the spokes ; but the
sole of the felloes or periphery is worked off at right angles to the plane of the
felloes, and consequently cylindrical wheels of this kind are always hooped with
an entire ring of iron, applied when red-hot ; its contraction, therefore, when
cooled, brings the felloes into close contact with themselves and the iron, and
affords the greatest possible strength to the wheels.

1367. The sole or tire of conical wheels varies in breadth from 4£ inches to
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16 inches, the latter being found only in the largest class of carrier's waggons,

while the former, and intermediate sizes, are to be seen on two-wheel carts and

all intermediate carrying vehicles. The sole of the cylindrical wheel is seldom

above 6 inches, generally 5 inches ; but the great bulk of them is 2£ to 3 inches

broad. Wheels of this form, when above 3 inches broad in the sole, are run

upon straight axles, the plane of tho felloes being vertical, hence they move

without any tendency to deviate from a straight line. Those with a sole of 3

inches and downward, usually run upon bent axles, as afterwards more particu-

larly described, and hence partake a little of the tendency of the conical wheel,

the plane of the felloes standing oblique to the vertical.

1368. A great deal of irrelevant matter has, from time to time, been put forth

on the subject of dished and conical wheels, in some cases deviating so far

from tho subject as to mistake the one quality for the other, and exhibiting suck

a want of information on the English practice of using conical wheels, as to

represent a highly dished and conical wheel running in a waggon, with the

plane of its felloes standing vertical—evidently intended to exhibit their destruc-

tive effects on the roads, by cutting them up in a way that never occurred

except in the mistaken imagination ofthe writers. Similar incongruities are to be

found respecting the dishing and form of the wheel, where the conical character

is confounded with that of dishing, probably arising from the absence of a true

conception of tho terms as applied in practice. It is pleasant, however, to see

that men of talent are still found, who will devote their energies to the elucida-

tion oven of tliis everyday subject, and that with a degree of simplicity and

perspicuity not hitherto to bo met with on this subject. Thus, in the volume

of The Library of Useful Knowledge chiefly devoted to the 44 Horse," there is

a treatise on Draught, in which the principles and tho defects of conical wheels

are so clearly illustrated, that nothing remains to be said in condemnation of

the practice. Instead, therefore, of spending time in attempting to elucidate

their construction and defects, it seems better to allow them to take their place

among tho things that have been.

1369. Of the Wheel.—To proceed, then, in tho consideration of tho cylindrical

wheel, and, in connection with it, to consider also the formation of the axle, it

must be observed that there are two varieties, the inclined and the upright,

though both varieties are dished wheels ; and of these the first to be considered,

as being the oldest, is the inclined cylindrical wheel, as it is seen in section in

fig. 496. In this figure a e is the nave, with the axle b passing through it The

spokes c c are represented as they are inserted in the nave, and as they pass

through the felloes d d
y
and these are encircled by the iron-hoop or tire, seen in

section at g and g}
which, when complete, serves to bind and compress the entire

ring of felloes into one mass. Tliis common cart-wheel is seldom made below 54

inches in diameter, nor exceeding 58 inches, measuring over the iron hoop.

The ordinary length of nave is 12 inches, and its diamoter varies from 10 to 12

inches. In an average diameter of 11 inches in the middle, the inner end of

the nave is 10 inches, and the outer end 9 inches ; at the inner end, it is bound

by an iron hoop a e of 2 inches in breadth by | inch in thickness, and on the .

outer end by a hoop/m of 4 inches in breadth, about one-half of which projects

beyond the end of the nave, forming a shield to defend the end of the axle from

accident and from mud. The iron for the outer hoop or band is manufactured

for the special purpose, the edge of the bar intended for the outward part being

| inch in thickness, while tho inward edge is not more than ^ inch.

1370. When a block has been selected for tho nave, an auger-hole is bored

tlirough its axis ; into this an iron bar or mandrel is driven, and upon it the
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Fig. 400.

nave is turned to the proper shape and dimensions, and lines drawn round it

limiting the length of the intended mortises. Its circumference is then divided

into twelve equal divisions, and

upon these divisions, as a cen-

tre, an auger-hole is bored upon

each in the direction of the

radii of the circle—or if machin-

ery is applied in the manufac-

ture, the nave is suspended be-

tween proper centres, furnished

with a dividing index, and the

vertical drilling-machine brought

to bear upon the nave, dividing

and boring it at one operation, j i

The enlargement of the hole is

then performed either with the

mortising-chisel and hand-mal-

let, or by the mortising-machine,

until the mortise is of the proper

size and direction. In forming

the mortise, its sides ought to

be parallel, the width from 1

inch to lj- inch ; the front end
must be cut to the slop© of the

intended dish of the wheel, while

the back of the mortise ap-

proaches nearly to a right angle

with the axis of the nave.

1371. A practice has been
long prevalent to make the

mortises wider at the front than at the back ; and in support of the practice

it has been alleged that it tends to keep the spoke firm in its mortise, and at the

proper inclination. Little consideration is necessary to show that the practice

can neither accomplish the one nor the other, but it involves a condition much
worse than this negative quality, which is, that it leaves less substance of wood
in the bridge or partition between the mortises at the front than at the back,

thus inducing an unnecessary weakness in that part of the nave more than at

the back, and though this may not exceed J or J of an inch in each partition

at the surface, it forms a more sensible proportion of it towards the bottom

;

and as the nave is the basis on which the whole wheel depends, every means
ought to be adopted to secure its uniform strength.

1372. The spokes of the wheel ought to be prepared of the best oak-root,

thoroughly Reasoned, for which purpose they require at least three years' pre-

paration. The length of the rough spoke is 27 inches, and when dressed to

enter the nave, the breadth at the root is from 3J to 3f inches, the thickness of

the body ranging from 1J to 1} inch. Fig. 497, a is a side view of a spoke

when prepared to be driven into the nave, b the same when it has been fin-

ished in the wheel, and c a front view of the same in the finished state. In

figure a, the form of the root tenon is exhibited, wherein the front edge is uni-

formly straight, but on the back the tenon part is wedge-formed, the slope d e

deviating from the line ef a quantity nearly equal to the dish which the spoke
is intended to have in the wheel, whereby the back of the mortise approaches

2c
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to a right angle to the axis of the nave. In wheels where the dishing is carried

to an excess, this rule would give the tenon so much of the wedge-shape as to

render it very liable to be dislodged from the nave

;

and hence, as one evil begets another, arises the

necessity for giving the* back of the mortise an in-

clination, or what is termed being under-cut, which

induces the further necessity of weakening the

partition behind by sloping the back of the mor-

tise, or the alternative of giving it less width behind

than in front ; but every one of these conditions

should be avoided as much as possible. The

shoulders of the tenon, instead of being cut in at

right angles to the faces of the tenon, are usually

cut at an angle of not less than 45", as seen at the

figure c
;
these, when the spoke is driven home,

fill up firmly the parts which are cut away for thin

purpose in the two edges of the mortise, giving to

the spoke a more stable bearing on the shoulders,

and, at the same time, increasing the strength of

the tenon at this essential point. Figure b is ex-

hibited finished at the head, though this operation

is performed only after it has been driven into the

nave. The face-edge k h of the head tenon has its plane dependent upon the

amount of dish, for the part from k to h is always cut off at right angles to the

axis of the wheel, being also parallel to the intended face of the felloes. From

the point h towards the body of the spoke, the face is usually curved to g, as in

the figure, the principal use of which is to facilitate the formation of the curve

given in the finish of the face of the spoke, as seen at t in figure c. The back

part of the head tenon is quite arbitrary, but it is proper to give it greater

breadth at the root than at the point by about J inch.

1373. The fitting of the mortises of the naves to the spokes is an opera-

tion requiring considerable care ; the front of the spoke must be set at the

proper angle of dishing, which should not be under 82^° with the axis of the

wheel, nor should it exceed 84°, or nearly 1^ inch, and 1 inch on each foot

of the length of the spoke. It is difficult, and unnecessary, to determine the

degree of force requisite to drive the spoke into the nave, but it may be

affirmed that there may be as much injustice done to the fabric by having the

spokes too firmly driven into their mortises, as by having them too easy :
the

danger of the former arises from overstraining and crippling the partitions of

the nave ; and of the latter, from the spokes becoming loose in the mortises ;—

&

due mean between these, which can only be judged of from experience, will

always produce the most lasting results.

1374. It is deserving of remark, that, for some reason now lost in the obscn-

rity of time, the tenon at the point of the spoke is almost invariably formed

with a shoulder or bearing on one side only, as in fig. 497, b. From the manner

which the pressure comes upon the felloe and the spoke being that of com-

pression on the end of the spoke, it would certainly appear more natural that

it should be shouldered on both sides, but more especially in the wheel with broad

felloes. Here, I should say, it is indispensably necessary to the due stability

and support of the wheel ; nevertheless it is seldom, if ever, adopted, except

in the practice of a few wheel-makers,

1375. The felloes, in a wheel of ordinary size, are always six in number, and

Digitized by Google

Kl{f. 497.



SCOTCH CART. 403

are usually either of ash or elm
;
they ought also to be well seasoned, and of

sound quality ; the breadth, from front to back, is from 3 to 3J inches, and
their depth 3£ to 4 inches. Fig. 498
is a view of a felloe square-dressed

and mortised, being in the state in

which they are first prepared previous

to being put on the spokes ; a a are

the mortises, and b is the dowel-hole,

as bored in each end of the felloes.

1376. The dowels of wheels are usu-

ally of oak, }-inch diameter, barrel-

shaped, and their chief use is to

keep the joinings of the felloes fair and even while finishing, and until the

tire is put on.

1377. The felloes, previous to their being put on the spokes, are partly

rounded off to the form seen in section, fig. 498, a', in which the dotted lines

represent the mortise, / the face, e the back, and d the sole, of the felloe.

After being put on the spokes, dowelled and wedged up, the felloes are dressed

thoroughly off either by turning, or by the plane and other hand-tools, the

periphery, or sole of the wheel, being dressed off square to the face of the

felloes without being at all conical. In fitting the end-joinings of the felloes,

which is done by running a saw several times through the meetings, and
in finishing the joints, it is proper to leave them open outwardly, or towards the

crcumference, because, from the felloes being generally cut out of straight

wood, the parts c c, of two contiguous felloes, when presented to each other,

have the grain of the wood abutting obliquely, and hence liable to compression

when brought to their bearings : this occurs when the tire or hoop is applied

;

and to admit of the full effect of the hoop as a binder, the end joinings of the

felloes are all finished slightly open.

1378. The application of the tire or hoop is the next process in the construc-

tion of the wheel. For narrow wheels, which are now under description, the

iron of the hoop is from 2£ to 3 inches broad—seldom 3 inches—and the thick-

ness from f inch to 1 inch. The bars are first bent in the cold state to the

carve, either by passing them through a three-roll machine, or, what is simpler,

they are bent over a curved block of somewhat smaller diameter than the

intended wheel. When brought to the circle the ends are welded, but, previous

to doing so, the length of the circumference of the wheel, and the length of the

inside of the hoop, are compared. This operation is performed by measuring
the length of the circumference by means of a simple odometer, a small iron

wheel turning upon a pivot, which is held in the hand ; with this the length of

the external surface of the felloes is measured, and also the internal surface of

the hoop, and when welded up, the internal surface of the hoop should be
1 to 1^ inch shorter than the external surface of the felloes, proportioned

to the allowance that has been given for the closing of the felloe-joints.

The hoop having been set tolerably correct to the circle, and also out of twist,

it is heated either in the forge fire, or in a pile ; but what forms the

most perfect and economical mode of heating is the hoop-furnace, in which,

as well as in the pile, two, four, or more hoops may be heated at once.

In this operation the heat required is only such as will produce that degree of

expansion in the fire which will make it pass freely over the wheel, and for this

purpose a dull red heat is sufficient. The wheel is laid on a hooping bed of

Btone, or of cast-iron, with its front downward ; the heated hoop is brought over
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it ; if sufficiently expanded and true to the circle, it passes on to the wheel

with little trouble, and at most with a few twitches of the hooked lever, or a

blow of the hammer, it takes its place. Cold water in abundance is immediately

applied to the iron, serving at the same time to prevent the burning of the

felloes and to expedite the contraction and tightening of the hoop : so soon as

it begins to bite, the wheel is turned up, and the wood and the iron are adjusted

to each other. The iron is now cooled down to prevent all deterioration of the

wood, the wheel being thus strongly compressed on all points, the shoulders of

the spokes against the felloes, and the joinings of the latter brought also into

close contact. This operation, by compressing the joinings of the felloes, while

they are resisted by the spokes from contraction of the wheel's diameter directly,

ban always the effect of increasing the dishing of the wheel, by the spokes yield-

ing forward in obedience to the contraction of the iron, and the compression of

the felloes. It is necessary, therefore, in the first construction of the wheel, to

make allowance for this ; and to this end 2\ inches of dish will be sufficient

before the iron is applied, as it will then be increased to nearly 3 inches. In

wheels hooped in this manner, the only fixing given to the hoop beyond that of

contact is a spike driven through it into each felloe, and the only use of the

spikes is to prevent the hoop falling off in the case of the felloes shrinking

in a long course of dry weather.

1379. The bushing of the wheel is the concluding process. The bushes are

of various sizes, suited to all purposes ; for wheels such as we are here describ-

ing, they are 2^ inches and 1^ inch diameter, or 2f inches and If inch—the cart-

wheel bushes in common use being always tapered in these proportions. They

are cast with a chiUed interior surface, that is, cast upon a turned iron core or

mandrel, which gives them a tolerably smooth surface, with considerable hard-

ness. In setting the bushes in the wheel, they must be placed so as to have

their axis in the centre, and at right angles to the face of the wheel ; and

to insure the attainment of those points, the wheel, with the bush fitted in,

should be suspended on the axle, and the bush adjusted with wedges, so as to

make the wheel revolve truly.

1380. The foregoing description has reference to narrow wheels ; but in the

case of the common Scotch broad wheel, the only point of difference lies in the

greater breadth of the felloes and the hoop. The dishing is usually the same as

for the narrow, though, according to the ordinary views of the case, the dish-

ing ought to be less, or to vanish entirely. This, however, would weaken the

wheel much more than any ordinary amount of dishing could produce ; and

this for roasons that will immediately be shown. In the broad wheel the felloes

have the same depth, or nearly so, as stated in par. 1374 ; but the breadth

varies from 4 to 6 inches. The spokes are usually finished in the same manner

as in fig. 497 ; but the mortises of the felloes are placed farther from the face,

bo as to throw the bearing on the spoke, nearly in the middle of the breadth.

The hoops are, of course, suited to the breadth of felloes, but the thickness is

always less than in those of narrow wheels—seldom exceeding f inch, and

descending to J inch.

1381. Of the Axle.—Cart-axles are always prepared in the form of blocks

under the forge-hammer, and are afterwards finished to the true form on the

anvil, with the hand and sledge-hammer. Fig. 499 is a view of an ordinary

cart-axle in the finished state, and adapted to narrow wheels. The body
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part, from a to b
f
is 1£ inch thick, and 2J to 2| inches in depth ; it is thick-

ened at c and d to a breadth equal to the diameter of the arm, for the purpose
of admitting the opening of the caddy bolt-holes c and d ; the arms of this

example being 2J inches diameter at the shoulders «e, and diminishing to 1|
inch at the linch-pin holes//. In preparing the axle on the anvil, an incision

is made along the lower side of the arm in the parts which will bear upon the

bushes, and a strip of steel is laid thereon and welded into and upon the arm.
When finished and hardened, this presents a smooth and durable surface on
those parts of the axle where the greatest pressure occurs, thereby at once less-

ening the friction, and increasing the durability of the axle.

1382. In axles of the common construction, tho arms are simply rounded and
dressed a little with tho file till they enter freely into the bushes. In con-

nection with this rude finish, an opinion prevails among workmen, that a trans-

verse section of tho arms should not be a circle, but an oval, or approaching
to the figure of the longitudinal section of an egg, the lower side on which the

pressure exists corresponding to the end of the egg* This form, it is alleged,

by allowing the bush to touch the axle on a line passing along its lower side,

and again on the fore-part towards the upper side, produces less friction than if

the surface of the arm were a perfect cylinder, or rather cone ; and having also

the advantage of a space before and behind tho lino of bearing in which the

gTease has a lodgment, and ready at all times to lubricate tho bearing part of

the surface. It must be admitted that there is some show of truth in the latter

part of the allegation, but the former is assuredly one of the vulgar errors
;

for if it is true, as shown by experimenters, that with the same load friction is

not increased by an extension of the rubbing surfaces, then there can be no
extinguishing of friction from a decrease of the bearing surface on the axle

;

and even to admit, according to some experimenters, that there is a slight

increase of friction by an extension of surface, it would form such a small

amount, the whole being but °f the draught, that any reduction of that fric-»

tion cannot possibly be otherwise than of very little importance.

1383. The more refined mode of finishing tho axle-arms by turning is un-

questionably the best adapted to destroy friction, especially when the surface of

the bush has been also bored, or otherwise rendered accurately round and smooth.

The retention of the grease is also partially accomplished by the chamber formed
in the central part of the bush, seen at n, fig. 496. But the best proof of the

advantages of turned and well-fitted axles is derived from the performance of

the royal mail and stage coaches, whose axles fit their bushes so exactly as to

be almost air-tight. In these, it is true, the constant lubrication is effected in

a very perfect manner by the bush being converted into an air-tight chamber,

which retains the grease without risk of its being squirted out. The want of

some more secure means of retaining the grease in the cart-axle is a serious

inconvenience and loss ; for if the grease is so thin as to be completely useful,

it is squirted out of the open bush in a very short time, causing a loss of the

material ; to obviate which, it is compounded in such a manner as to give it a

consistency that will prevent its too free discharge ; but by the same means
it is rendered less serviceable as a lubricator, and a consequent small increase

of friction ensues from that circumstance.

1384. There are two kinds of such axles and bushes especially in use. That
known by tho name of the Mail-coach patent axle retains the principles of the

tapering and bent axle, and is exceedingly simple and effective, though not quite

so elegant as that known as Collinge's patent, used for light carriages ; but the

mail axle is best adapted for such vehicles as carts. A section of the mail-coach
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Fig. soa

axle and bush is here exhibited in fig. 500, wherein a is the arm of the axle, and b

the bush, c c being the nave in which it is enclosed. The bnsh is cast on a turned

mandrel, and thereby hardened ; a chamber is

formed in the mouth of it, to which the axle

is accurately fitted, the collar d filling exactly

the chamber at the mouth. The outer end

of the bush is solid, and it is rendered

grease-tight at the mouth by means of a

leathern packing or washer applied to the

end of the nave and embracing the axle ; this

is again covered by the iron-plate or collar e,

which, besides retaining the solid collar of

the axle in the chamber of the bush, is

brought home to the end of the nave and

bush by three bolts, which,' passing through

the plate and the nave, are tightened at the

outer end of the latter by screw-nuts, until

the collar of the arm has just freedom to

turn in its chamber. The reservoir for the

grease is the open space between the point

of the axle-arms and the bottom of the bush,

and the charge of grease is introduced to this chamber through a small opening

at b, which is closed by a screwed plug/.

1385. Axles of this construction require a peculiar mixture of grease, which

shall have such a consistency as to prevent its escaping too freely by the side of

the collar d; hence any pure oil is not suitable for the purpose, because of its too

great fluidity causing it to be speedily exhausted. A composition that is well

adapted to these axles consists of equal parts by weight of whale-oil and lard,

.with about £ part of vegetable tar. The mixture, when cold, is of a consistency

similar to honey, requiring to be heated to render it so fluid as to pour into

the orifice of the bush, where it is again congealed, until by the motion of

the wheel a sufficient temperature is produced to keep the grease in a state

capable of lubricating the surfaces without becoming so fluid as to escape by

the collar.

1386. A variety of axles have recently been introduced, but are too elaborate

to-be recommended for the purposes we have here in view; we therefore deem
it unnecessary to go into details respecting them.

1387. Of the inclination of the axle - arms much has been said and

written, and demonstrations innumerable produced, to show that axles should

have certain forms that are, in fact, impracticable, and others that never

can, or never have existed, except in the diagram of the mathematician.

Certain points in the subject have apparently been taken up originally under

theoretical, and even mistaken views, and the conclusions drawn from these have

been, of course, participations in the original error; but what is more unfortu-

nate, they have been received and handed from one to another with all their

faults, the subject, as it would appear, being considered by succeeding writers

not worthy of the trouble of being again taken up at the fountain-head of

experiment, or of resorting to the induction that may be derived from everyday

experience. Without entering, therefore, into, or following any of those learned

discussions, we shall take a simple practical view of the case, referring, when
necessary, to previous conceptions of the subject.

1388. It has been held by some writers who have treated this subject, that
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the position of the axlt-arm should be such as to have its lower or bearing side

at right angles to the position of the spokes that are at the moment bearing the

load of the axle, the bearing-spokes being, by hypothesis, at the time vertical

;

it being supposed, under this view, that the dishing of the wheel is adapted to

bring out this result, and that any deviation from this rule will produce an
undue pressure of the end of the nave and bush against the collar of the axle,

if the arm droop at the point, or against the linch-pin, if the arm is turned up
from the horizontal line at the point. It will be observed that this proposition

implies that the lower or bearing side of the axle should always be horizontal,

and this without reference to the degree of taper given to the arm. Now, such
a proposition might possibly have applied at a time when wooden axles Were
almost exclusively employed, the taper of these having been much greater than

is required for those of iron. But were it essential that the lower spokes should

stand perpendicular, and the principle be carried out to the iron axles now in

use, whose taper amounts to 1 inch on 12 inches, or £ inch on each side, it would
follow that the dishing of the spokes would amount to only \ inch on the foot,

or about 1 \ inch of entire dish
;
and, from what has been said in the latter part

of par. 1378, this is too little to afford sufficient support and strength to the

wheel. In practice, we find that all the above conditions may be deviated from

with impunity ; for with dished wheels, and the arms of the axles bent down-
ward, the most perfect freedom of action is found to exist : and not only in this

case, but with broad-dished wheels running upon straight axles with arms
tapering in the same degree as the former, a like freedom of action is obtained.

It appears, therefore, that the points hitherto considered by writers on this

subject as of essential importance in the formation of the axle, and the relative

position of the wheel, may be departed from without inconvenience, and that

the requisite freedom of action of the wheel upon the axle-arm is to be

accounted for from other causes than have hitherto been recognised.

1389. Having pointed out what appears to us as fallacies existing in the hitherto

received opinions as to the proper form of the axle, we have now to add, on this

part of the subject, a few remarks on the common practice method of making
the cart-axle in Scotland, chiefly as regards the setting or form of the axle.

1390. The practice has long prevailed of bringing the wheels of vehicles in-

tended for load to one standard of width, where they touch the surface of the

ground ; and this standard or gauge has, by long-established use, been fixed at 4
feet 4 inches between the tread of the wheels, where they rest on the ground.;

and as the breadth of the hoop in narrow wheels is 2£ inches, the gauge over
all is 4 feet 9 inches. By a corresponding usage, the length of the axle-bed,

or that part of it lying between the collars e and e, fig. 499, has been fixed at 3
feet 6 inches, thus affording two fixed conditions in the problem.

1391. Were all wheels made with one uniform degree of dish, we should then
have one simple standard for the set of the axle-arms, which would be this

:

Let the concavity, or true dish, in the front of the wheel, and measured at the

surface of the nave by 2^ inches, the entire deflection from the base of the nave
a fig. 496, to the front of the felloes, will then be 10 inches, and were the
axle straight, the wheels would stand at the distance of 3 feet 6 inches,

+ 10 inches + 10 inches, or 5 feet 2 inches over all ; but as they must be
brought to the gauge of 4 feet 9 inches below, each wheel will be brought to
an inclination of 5 inches from the perpendicular upon its entire height, or it

18 1.12 inch nearly on each foot of its height.

1392. It is evident that, since the axis of the axle-arm must stand at right

angles to the face of the wheel, whatever degree of inclination the wheel makes
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with the vertical line, the axis of the axle-arm must make an equal degree of

inclination with the horizontal line, or its deflection will be also 1.12 inch

upon a foot of its length. The axiB, or central line, of the arm will therefore

hang, or be bent downward at the point 1.12 inch below the straight line,

passing along the central line of the body of the axle ; but as it is easier in

practice to operate upon the lower side of the axle-arm than upon its axis, deduct

half the difference of the diameter of the two ends of the arm, which, in ordinary

cases, is \ inch, and this deducted from the deflection due to the axis or central

line, we have .62 inch, or $ nearly, remaining for the deflection of the lower

side of the arm. This quantity is, however, subject to variation from two

causes—the dish of the wheel, and the diameters of the axle-arm ; but the rule

will apply to all cases ; and though it does not produce a perfectly correct form

of the axle, being defective in principle, yet it approaches so near the truth that

we are surprised to find such a close approximation produced simply from

experience, for it does not appear that the principle has ever been detected on

which the practice has probably, by accident, been based. In most of the

attempts made to establish a principle on which the form of the axle ought to

depend, the demonstrations have failed by a misconception of the direction in

which gravity acts tlirough the medium of carriage-wheels.

1393. The rule above referred to may be stated more concisely thus : To the

length of the axle-bed add twice the deflection of the wheel, measured from the base

of the nave to the face of the felloes ; from this sum subtract the intended over-all

width of the wheels at the ground, and the remainder will be the deviation of theface

of the wheelfrom the perpendicular. Divide the last acquired number by the. diameter

of the wheelfor the deviation per foot, which will also apply to the central deflection of

the axle-arm, and subtracting half the difference of the inner and outer diameters of

the armfrom the rate of deviation thus found, will leave the amount of deflection for

the lower side of the arm.

1394. Example.—Let the axle-bed be 42 inches long, the wheels 4 feet 6

inches diameter, the deflection, or total dish, measured from the base of the nave

to the plane of the felloes, 1 1 inches, width of gauge 57 inches over all, and the

diameter of the axle-arms 2J inches and If inch, then

(42 + 11 + 11)—57 = 7 inches,

which, divided by the whole diameter, is^r
6
= 1.55 inches, the deviation for the

face of the wheel from the perpendicular, or of the axis of the axle from

the line of its body. Then half the difference of the diameters of the arm

= £ or .5, and 1.55—5 = 1.05 inches, is the amount of deflection in 1 foot of

the axle-arm.

1395. The axle of broad-dished wheels, with a cylindrical Bole, can only be

formed straight, or without bend in any direction
;
any deviation from this is a

positive disadvantage ; and though the adoption of cylindrical arms for broad

wheels has been sometimes recommended, it can only be applicable when the

wheels not only stand vertical, but they must have no dish ; and it is an error

to suppose that broad-dished wheels could work with .advantage upon straight

axles with cylindrical arms.

1396. Of the practical utility of dishing, but especially of giving the wheels

an inclination outward above, there can be but one opinion—that it is a neces-

sary evil, producing advantages which more than counterbalance any disad-

vantages that may arise by thus deviating from just theoretical principles. An
upright wheel without dish, and running upon a cylindrical axle, is unquestion-
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ably perfect in theory ; but the various considerations that practice brings to

bear on the economy of their application, decides the question in favour of a

deviation from strict theory. It has, therefore, been found better to sacrifice a

little to utility, and by dishing to gain additional strength to the fabric. By
inclining the wheel, also, a greater width is obtained in the cart ; and the incli-

nation affords another advantage, though certainly not of vital importance,

that of throwing off mud from the carriage and the load. The bending and

tapering of the axle-arm, consequent upon the dishing, will perhaps appear

the most objectionable point in the combination ; but this, also, has its com-

pensating quality, for though we have here the friction arising from a conical

surface, it is acting against a similar surface revolving round the axle, and the

result is only a slight increase of velocity in the revolving surface towards the

base ofthe cone ; but as friction is little, if at all, affected by velocity, there

will consequently be no increase of the former at the larger end of the axle,

as compared with the smaller. In such a case, therefore, the effect is totally

different from that of a broad conical wheel rolling upon tho extended surface

of a road, and constrained to move forward in a straight line. In this case,

were the wheel allowed to travel in the circle which the conical surface of the

wheel would generate, it would produce notliing beyond the natural resistance

of the rolling surface ; but being constrained to move right forward, if we sup-

pose the middle part of the tire to have the mean velocity and to roll without

eliding, then those parts of the tire lying towards the base of the cone would
be accelerated, and would have a tendency to tear up the surface of the road

backward, while the parts lying towards the apex of the cone would have the

opposite effect—thus producing great and unnecessary friction, all of which is

avoided in a conical bush turning round a conical axle.

1397. A doubtful practice has long existed in tho formation of cart-axles, that

of giving the wheels a gather, as it is called, in the fore parts. This is done
by bending the axlo-arms slightly forward, so as to make the wheels run a little

nearer to each other in front than behind, the difference varying from 1 inch to

3 inches. There seems no good reason whatever for this peculiarity, though
enough of questionable ones are adduced by those who uphold the practice. If

any advantage is to be gained from it, the common bent axle, with the cart in

yoke, possesses it in a sufficient degree, from the manner in which the horse is

yoked to the cart ; for the shafts of the cart, taken at the point where the back-

chain is attached, are always higher than the axle, and as the axle is attached

sufficiently firm to make it move with the cart, and if, when tho shafts are hori-

zontal, the wheels are found to be equally distant, before and beliind, their rela-

tive position will be changed by any movement up or down in the shafts
;
thus,

if the point of the shafts is raised, which is their working position, tho wheels
will be brought nearer to each other before than they are behind. It is highly

probable that this natural result, by being observed in a well-working vehicle,

has given rise to the opinion.

1398. In regard to the defective state of the question as to the principles that

govern the formation of the axle, and adaptation of the wheels to bring out upon
sound data the most perfect action of the wheels on their axle with the minimum
resistance, we have, after some investigation of tho relation of the parts to each
other, and from careful observation of numerous cases, arrivod at what we con-
ceive to be a principle, which is sufficient to account for the phenomena under
consideration.

1399. The views that have usually been taken of carriage - wheels, when
the object was to investigate the effects of the load upon them, would lead us
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to imagine that the wheel is composed, and not only composed, but continues

to act, and to be acted upon, as if it were a number of disjointed parts ; but

such an assumption is not fact : a wheel built as has been here described, forms

one strongly-compacted piece of iron-bound carpentry, wherein every individual

part assists in supporting all the others, and the entire frame becomes a rigid

structure. Instead, therefore, of supposing that any one spoke that may happen
to be in the lowest position at any one instant, and that in a vertical position,

supports the whole load, it is more correct to view the wheel as a solid of revo-

lution, generated by the quadrilateral figure b op q, fig. 496. In this figure,

formed about the extreme points of the lower or bearing half of the section of a

wheel, we have the side b o forming the lower side of the axle-arm, and p q the

sole of the wheel ; the whole load on that wheel will be distributed over the line

b o, and transferred to p q, or that part of the wheel which rests upon the ground.

If we now conceive the axle k b o completed, and the opposite arm supporting

its wheel, affording a similar solid, whose section will exactly resemble b o p q,

upon these two sections the indefinite load on the axle will be equally divided,

while the sole of each wheel, or the side p q of each, will be pressed to the

ground with a force equal to, or little more than, half the load, and the friction

caused by this pressure will prevent the sole from all lateral motion on the sur-

face ofthe ground. If we now consider the effect of gravity upon the sole p q,

and its supposed opposite wheel, its natural tendency is in the vertical direction,

but its effects may be diverted from this into any other direction.

1400. Example.—In fig. 501, let the straight lino a b represent a rigid bar

supported on two struts c d and e /, the surface of the ground being represented

by g h ; let a weight to be appended to the bar a o, gravity will then act in the

501.

direction w w ; but the beam and load being supported by the struts c d and ef,

the pressure is borne equally by them, each strut sustaining a pressure of nearly

half the weight, together with the beam, and this transferred pressure will be in

the direction of the two struts, and not in the vertical line. The construction

here represented will come under the denomination of a tottering equilibrium,

which it is easy to obviate, but is not of importance under the present considera-

tion ; and it will be evident that, besides a tottering equilibrium, the head of each

strut will have a tendency to slide outward. To prevent this last result, let the

lines i k and I m be. drawn at right angles to the struts, and draw also the lines

an, no, o b; the space included between these lines and i k, k l, Im, represents

a longitudinal section of the cart-axle, with bent arms, the lines i k and I m
being the lower side of the arms, wliich rest upon the bushes of the nave repre-

sented here by the same lines i k and / m. The struts are noiy supposed

to be shortened, and instead of giving their support at c and e, they support
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the axle at the points p and q, and being now at right angles to that part of

the bar or the axle at which they give their support, the Btruts have no ten-

dency to slide either outward or inward, so long as the bar itself is prevented

by any means from being affected by motion in the direction of its length. If

the triangles d t&and/fmare now completed, we have figures exactly cor-

responding to the prism of revolution, when its sides have been extended to

r, fig. 496 ; and it is to be observed, that the triangles d i k and //m, fig.

501, being isosceles, the sides d t, d &, being equal, and if it is supposed to

represent the section of a solid, there is no tendency, though supported on a

mere point, to move in one direction more than in the other : hence, if wheels

and their axles were constructed to fulfil these conditions, they would possess

the greatest possible freedom of action, and be free from all undue pressure either

upon the collar of the arm or upon the linch-pins. We consider ourselves war-

ranted, therefore, in offering this as the true principle on which we are to

depend for producing the minimum of friction and resistance from the action

between wheels and their axles.

1401. It is evident that all wheels having the same quantity of dish, and
their axles having the same degree of taper, will come within the condition

now specified ; and it is to be remarked, that the position of the axle-arms makes
no change in the conditions ; for whether it be straight, as in those of broad-

dished wheels, or inclined in any degree, as in narrow ones, the rule still holds

good

1402. But to bring out the advantages of this principle of formation in its

utmost perfection, we have to attend to the following points : That the line of

the true or virtual dish of the wheel shall have the same inclination to the face or

plane of the wheel, which is at right angles to the axis, as the inclination of the

taper on the axle-arm or the bush makes with the axis of the arm or the bush
;

and what we here call the virtual dishing is measured by a line, supposed to

be drawn from the middle of the axis of the nave through the middle of the sole

of the felloe, as from n to the middle point of the sole p q, fig. 496, or to the

apex r. In the common bushes this inclination is inch on a foot, and as the

radius of a wheel is 2f feet, the amount of virtual dishing would be lj inch,

which is too little for the stability of the wheel, and should be at least 1 inch on
a foot ; but this increase of dishing involves the necessity of a like increase in the

taper of the axle-arm, which would now be required to have its two ends 1^ inch

and 3J inches diameter, and this would be attended with various inconveniences.

In practice, however, it is not only desirable, as a matter of opinion, that the

wheel should have a tendency, while turning upon the axle, towards the

shoulder or collar of the axle, but it is demanded as a matter of safety ; for if a

linch-pin were to drop out, and the tendency of the wheel to be outward, the

wheel would infallibly drop off ; but when the bias is towards the shoulder, the

wheel may keep its place even in absence of linch-pins. It follows, therefore,

that though the method here promulgated is mathematically true in theory, we
may, by a slight deviation from the rigid rule, retain the advantages of the

combination, and, at the same time, render greater safety to the vehicle. This
ia accomplished by retaining the bushes commonly in use, and instoad of giving

the wheel the low dish due to our calculation, let it have a dishing of 2J to

3 inches, or about 1J inch on the foot.

1403. It has been ascertained, from a long series of observations, that with the

proportion of 1^ inch on the foot complete freedom of action is obtained as

well as safety ; and the existing practice is, in general, happily sufficiently near
to the true theory to give every advantage that can be desired

;
but, never-
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theless, we would strongly impress on wheel and axle makers, not to allow

the dishing to exceed 3 inches on the wheel when hooped, and to bear in

mind, that when the dishing and the taper of the axle are adjusted to each

other in the proportion of l£ inch on the foot, it matters not, so far as the free

working of the wheel is concerned, what degree of bending is given to the axle-

arm. It may be straight, or even bent upward, yet the free action of the wheel

is not impeded, neither is there any undue strain upon the spokes
;

for, in the

section, fig. 496, in whatever position they stand, the strain or pressure upon

them is always one of direct compression, whilst they are mutually aided in

sustaining the load by the contiguous parts of the wheel. It must, however, be

admitted, that such undue spreading of the lower part of the wheel as would

arise from bending the axle upward, would produce a tendency in the wheels

to displace the materials of the road, by the thrust of the wheels outwards ; but

in respect of the action of the wheel upon the axle, all that is requisite is the

equality of the angles b and o of the triangle b r o, fig. 496, or, in practice, a

near approach to it.

1404. The practice now becoming general of employing half-round iron for

wheel-tires in fast carriages, and partially so for cart-wheels, removes much of

the inconvenience arising from flat iron tires as applied to inclined wheel*.

Flat iron tires, as will be seen at low <7, in fig. 496, will at first, if running on per-

fectly level roads, have the greatost woar on the outward edge, but the tire, in all

cases, ultimately acquires the half-round form ; and as tins form brings the

strain more equally upon tho sole, it seems desirable that this should be adopted

from the first.

1405. Besides the wheels here described, which are those generally employed

on the farm, there lias of late years been introduced a variety of forms of con-

struction in malleable-iron wheels, some of wliich, by a misnomer, have been

called wheels on the suspension principle, under which name it was alleged,

that, instead of the load being supported on the lower spokes, it was constantly

transferred to those above the axle ; and the upper portion of tho hoop was sup-

posed to bear the load, on the principle of suspension from the hoop as from an

arch. In the strict sense of suspension, notlung could be more fallacious than

this idea ; but in a more limited sense, taking the wheel as a rigid and immu-
table structure, it has some semblance of truth, for all the parts do bear a portion

of strain at all times when loaded, but the parts below the axle must always

bear incomparably the largest share.

1406. Of the Carriage.—Agricultural carriages are either four-wheeled wag-

gons or two-wheolod carts ; and as the Scotch practice, which we incline to

think by far the most economical, admits, with very few exceptions, the two-

wheeled cart only, the following observations are chiefly confined to that

implement.

1407. Though the cart, in general, is a vehicle very much diversified in

structure to suit the numerous purposes to which, in a commercial country, it is

applied
;
yet for tho purposes of the farm its varieties lie within narrow limits,

and may be classed under two principal kinds, the tilt or coup close-bodied cart,

and the close-bodied dormant cart ; but these, again, vary as to size, forming

single and double horse carts, which are merely varieties of the first. A third

and less important kind is the corn or hag cart, used chiefly in the seasons

of corn and hay harvest; and there are others not required on every farm,

but are important to some, such as the cage-cart, for carrying lambs and

other live-stock to market, and the water and liquid-manure carte already

desoribed on page 308.
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1408. The Tilt-cart, fig. 502, is the most important vehicle of transport on the

farm, and is employed for nine-tenths of all the purposes of carriage required in

the multifarious operations throughout the year. It is employed to convey

Fig. 404 t

TU* MMOU' llOItH* TUT -CART

manure of all kinds ; to carry stone and tiles for draining, and other materials

for various operations ; to lead homo turnips and potatoes, and to take pro-

dace of all kinds to market. For some of these operations the rt7/-cart is

pre-eminently adapted, such as carrying and distributing manures, or other

substances that can be safely discharged by tilting.

1409. The dormant cart, on the other hand, is sufficiently commodious when
substances have to be carried that require to bo discharged from the cart by
lifting, such as grain in bags, and many other articles requiring to be con-

veyed to and from the farm.

1410. Fig. 502 is a view in perspective of the common one-horse tilt or coup
cart, of a simple and much-approved construction, and consists of the following

parts. The wheels a, a, which are of the usual height, 4 feet 6 inches, are of

the dish construction, with cylindrical tread or sole, and are inclined from the

vertical to bring them to the standard gauge below. The axle, which is of the

bent order, with 2^-inch arms, is only seen as it protrudes through the nave.

The body of the cart 6 b, with its bolsters, one of which is seen at c, by which
it rests upon the axle, and to which the shafts are jointed by means of a joint-

rod that passes through the bolsters and the ends of the shafts. The shafts d
are secured to the body by means of the lock seen in the figure in front ; and
they are here represented resting upon a trestle to keep the cart upon a level

;

and lastly, the top sides e, e, which are fitted to ship and unship as occasion may
require. But in order to convey a thorough conception of this importont agri-

cultural vehicle, the following detailed description, with figures, is given in

geometrical plan and elevation, and which, except when otherwise stated, are

all to one scale, $ inch to a foot.

1411. Construction of Tilt-cart.—The body-frame of this cart is represented in

fig. 503, where a, a are the two main bearers, b the fore cross-head, b' the back
cross-head, and c, c, c, c the slots or floor-bearers. The main bearers and cross-

heads are made of ash or elm, the bearers 2£ inches in depth, 6 inches in breadth

at the point where they are pierced for the caddy-bolts, and 4\ inches at the
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ends. The foro cross-head is also 2^ inches in depth by 4 to i\ inches in

breadth, and the other 3£ inches in depth by 4£ inches in breadth ; and the slots

1U* UOJJV - »U4MJt or llil TJLJ -CAKT

are from 3J to 4£ inches by 1^ inch, and should always be made of oak. In

order to prevent too great a loss of strength in the framework, the mortises for

the slots are taken to a depth not exceeding 2j inches ; the tenon of the slots

is formed on one side, or single-check tenons, whereby the upper surface becomes
rig. sot flush with the surface of the bearers, and the check is

rabbeted into the edge of bearer, as seen in the an-
* nexed fig. 504, where a is a cross-section of the bearer,

and b a slot with its tenon rabbeted into the bearer.

The tenons at the ends of the main bearers pass, in like manner, only half

through the cross-heads, as shown by the dotted lines in fig. 503, and these

joinings are screwed and drawn hard up by means of the screw-nuts of the hook-

bolts d, d, d, d
}
which are seen on a scale of double the size in

fig. 505. The main bearers are mortised at e e e, e ee, for the

wooden standards that form the sides, three on each side, bo-

sides the fore and back iron stays, to be afterwards described.

These mortises are so placed as to produce a width within the

sides of 3 feet 6 inches at the floor-line. In framing the

back cross-head, which is 1 inch thicker than the bearers, the difference of

thickness is brought upward, and the rabbet f f is taken out an inch

each way, so that its bottom is level with the main bearers, and the ends

of the flooring-boards are received into the rabbet, thus bringing the surface of

the floor and of the cross-head to one level. To defend this cross-head from the

constant wear to which it is subject, it is necessary to inlay upon its surface a

bar of iron not less than 2 inches in 'breadth by ^ inch thick, extending the

whole length of the crosB-head, or, to make the cross-head 3£ inches thick, and

covering it all beyond the rabbet with an iron plate 3 or 3j inches in breadth.

1412. Various modes are adopted for the finishing of this part of the cart,

A HOOK • BOLT.

Digitized by Google



SCOTCH CART. 415

such as the application of an iron bar alone, 2^- inches by f inch, in place of

the wooden cross-head and its iron fender, in which case the last slot must be
put in close upon the iron cross-head, in order to support the ends of the

flooring. This method, which is of late introduction, cannot be considered as

equal in security and durability to the first-described method.

1413. The body-frame of the cart, finished as above described, varies in its

dimensions according to taste and circumstances, but a good medium size for a

one-horse cart is 5 feet 4 inches in length, and 3 feet 10 inches in width over all.

1414. The standards of the sides are set with a slope outward of about

3 inches on a foot of height, and the head lias usually the same degree of slope,

while the door of the cart stands nearly perpendicular, or not exceeding 1 inch

of slope outward, making the top dimensions about 5 feet 8 inches in length,

and 4 feet 7 inches in width, over all.

1415. Fig. 506 is an elevation of the side of this cart, in which the horse-

shafts are broken off at a ; b b is the edge view of the body-frame ; c c one of

the bolsters or limbers, which serve to support and bind the body, while they

Ftp.**

— r
-*

serve also as the medium of connection for the horse-shafts. The bolsters ter-

minate forward at the face of the cross-head, where they are 3^ inches deep

and 2^ inches in breadth ; at the bearing on the axle they are 7 to 8 inches in

depth, and 4 to 4^ inches in breadth ; and at their termination behind, where

they project 5 or 6 inches beyond the cross-head, they are 3^ inches square.

1416. The bolsters should be made of ash or elm, but, as a means of saving

expense, they are frequently made of beech-wood, which, in point of durability

in any exposed work, is much inferior to either; but this, and many other

inferior substitutes, are, of necessity, resorted to by the agricultural mechanic,

to enable him to produce his manufacture at the low market-price of the article.

1417. The end of the axle is seen at n, and i is the joint-bolt on which

the horse-shafts are jointed to the bolsters; k is the end of the lock-bar

framed into the shafts, and by which they are hooked to the body. The figure

exhibits also the three oak standards, which are 2^ inches in breadth at bottom,

tenoned into the body-frame b b, and at top into the top-rails or shelvements d d
;

these are also of ash or elm, and are 2^ or 2^ by 2 inches. The height of the

sides, measuring on the slope, is 17 inches over all, or it is 14 inches inside mea-

sure ; but this dimension varies more than any other, depending on the purpose

to which the cart is to be appliod, and many other circumstances. The top-

sides gg are usually made of deal 1 inch thick
;
they are 5 to 6 inches in height,
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and are furnished with the iron arms k /<, which slide into the eyes g g of fig. 507,

their lower extremity being also received into eye-bolts fixed into the edge of

the body-frame b b, fig. 506.

1418. The shelvements are furnished at the extremities with iron mounting,

rig. sot. which is seen in plan in fig. 507, on a scale

of double the size. In this figure a is the fore-

end mounting, and b that for the back-end or

door ; c c is the wood of the rail broken off; d d,

d d the bolts by which the irons are fastened

to the wood ; c is the screwed tail, by which
e the forehead-bar is secured to the top-rail, and/
is the pin upon which the door is passed and

mo* BHoa or iBt top-rau.*. secured by a cottar dropt into the cottar-hole

at/; g is the eye forged in the irons for receiving the arms of the top-sides.

1419. The fore as well as the back end of the top-rails are frequently sup-

ported by iron stays, to the strap of which the ends of

the side-boarding are also secured by rivets ; but it is

essential that the stay be applied at the back end.

Fig. 508 is an end view of the stay, on a scale of double

size ; a is a part of the cross-head broken off, b c that

part of the stay that supplies the place of a standard :

it is 2 inches broad, and ^ inch thick, and the boarding

d is fixed to it with riveting. The stay proper e c is

welded to the standard at c, where a tail-bolt is formed

that passes through the top-rail /, and secured by the

nut <7, the bottom of the standard and stay being both
a

also formed into tail-bolts that pass through the cross-

head, to which they are secured by screw-nuts h
y
below.

1420. A bottom plan of the tilt-cart is represented

by fig. 509, in which a a, a a is the body-frame, 6, 6, 6, the fore and back

cross-heads, c, c, c, c, the slots of the body-frame, d d the shafts broken off, e the
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slot, and/ the lock-bar of the shafts, g a part of the lock, and h the joint-bolt

passing through the bolsters i i and the ends of the shafts, which are hero

armed with plates of iron to strengthen and support the wood. In forming and
placing the bolsters, attention must be paid to having a proper width in

front for the shafts, which should not be less than 3 feet 2 inches between the

bolsters at the front, making their over-all width at that point 3 feet 7 inches
;

at the caddy-bolt k k the width over the bolsters may be 3 feet 4 to 3 feet 6

inches, and behind, the precise width is unimportant. Equally so is the width

of the shafts at the joint-bolt, as that dimension is adapted to the limbers ; but

the distance from the bolt to the front of the cross-head is 2 feet 6 inches.

The bolsters are secured to the body-frame with four or five half-inch screw-

bolts with nuts.

1421. An elevation of the front of the cart is exhibited in fig. 510, with the

axle attached to the bolsters, a a is the axle slightly bent in the arms as for

narrow-dished wheels, b b the bolsters, c c the shafts in section, and d

thi reoxr vi«w or in* tilt-o*i»t

the lock-bar. The cross-head e e is 4 feet 6 inches long, forming part

of the body-frame. The lower head-rail e' is 4 inches in height, and lj to If
inch in thickness ; it is fitted in between the side-boardings, and spiked or

bolted to the cross-head, upon which it lies about 1^ inch within the front

edge. The upper head-rail // is 5 foot 2 inches long, 4^ inches deep,

and If inch thick ; it is secured by the tail-bolts of the end mounting of

the top-rails ; and here it may bo remarked, that in low-priced carts this head-

mounting is only a single strap and tail-bolt, in place of the double gland, fig.

507. In a front finished in this manner, with lower and upper head-rails,

the upfilling is done with boards standing on end, making it strong, simple, and
durable. In connection with this, and above the head-rail, are seen the ends of

the top-sides g g. The lock k, in this example, is an iron bar, 2 inches broad,

$ inch thick, and about 10 inches long ; it is hinge-jointed to a bolt near the

lower end that is fixed in the lock-bar, and the lock has a bent tail or stop,

descending 2 inches below the joint, which permits it to open to a limited extent.

It has also several holes of about 1 inch diameter punched in its length, as seen in

the figure, and a pin-headed bolt is inserted into the front of the cross-head, pro-

jecting about 2 inches from the head. The holes of the lock are adapted to pass
easily upon this pin, and when so placed a cottar or forelock is dropped into the

cottar-hole of the pin.

1422. The several holes in the lock serve a number of useful purposes

;

thus, if the load is too heavy forward upon the horse, by shifting the pin
one, two, or more holes higher in the lock, the centre of gravity of the load

2d
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is thrown backward, and lightens the pressure upon the horse
;
again, in distri-

buting common bulky manures upon the field in small heaps, if the front of the

cart is raised and sustained by means of the lock, the manure is more easily

discharged with the dung-drag.

1423. Fig. 511 is a section, at double size, of the cross-head and lock-bar,

r\K.si\. giving a side view of the lock. In

this figure, a is the lock-bar, showing
the position of the lock and its joint-

v \ \ bolt ; b c is the lock, b being the joint,

and b d the bolt; e is the bent tail,

I which allows sufficient range to the

motion of the lock on its joint to pass

over the lock-pin/, before being stopped

against the face of the bar. The lock-

pin has its tail-bolt / g secured into

the cross-head A, and the cottar t, at-

tached by a chain, prevents the lock

leaving the pin till it is relieved

by the withdrawing of the cottar i

;

k is the floor, m and n the upper and
lower head-rail in section; o is the

horse-shaft, p the side-boarding, q the

shelvements, and r the top-side, all

broken off.

1424. The shafts of the tilt-cart are

generally made of ash—seldom of oak

;

but of late years they are frequently

made of the American birch and elm, either of which, when fresh and sound,

are, from their tenacity and elasticity, well adapted to the purpose. The
length of the shaft is about 9 feet 2 or 3 inches, of which 6^ feet go for the

yoke
;
they are worked off and lightened towards the point, and finished accord-

ing to the taste of the maker. In that part which passes into the cart-body,

they are framed upon one slot e, fig. 509, which is tenoned into the shafts, and
by the lock-bar f, which is simply bolted to the shafts ; it being of great

importance not to weaken the shaft by any mortise at this point, where the

greatest Btrain occurs.

1425. In regard to the scantling of shafts, various opinions have been broached,

some advocating the principle that they should be considered in the relation of

a beam that has to carry a load, implying that their largest dimension should be

in the vertical direction ; while much of the general practice places them in the

other direction, or, at most, making the two dimensions equal. We have already

shown in par. 9, that in fixed beams of equal length the strength increases

directly as their breadth, and as the square of their dopth. This is an important

consideration in the management of beams ; but we have grave doubts whether
it is desirable to apply the principle to such a movable beam as the shaft of a

cart. In stationary beams, rigidity is almost always a chief object ; but where
one ond of the beam is supported on the back of a living

v
and moving animal,

rigidity, as appears to us, should be avoided as much as possible, and elasticity

made the desirable object. The rigidity of shafts that are formed on the prin-

ciple of permanent beams, from the severe shocks that they must communicate
to the back-chain of the horse, and thence to the whole frame of the horse itself,

must be very injurious to the animal, which might be very much mitigated

TU* I.OCI. AMD »*(."TIO» OT I
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by adopting an elastic medium. Shafts, then, of tough ash, or other elastic

woods, we conceive to be the most desirable, and in order to obtain the principle

as far as possible, their breadth should rather exceed their depth ; and general

practice approaches this, as we commonly find such shafts about 3£ inches square

at the lock-bar ; but let them be made 4 by 3 inches, which is nearly the same
sectional area as the former, and the horse would be a gainer, in point of comfort,

compared with what he would be were the same shafts placed on edge. Neither

would the shaft* be much, if at all, more liable to fracture if placed flat-ways

;

for a single beam that has no elasticity is more liable to fracture from sudden
shocks than one of the same absolute strength, but possessing a certain degree

of elasticity ; and cart-shafts are peculiarly liable to such shucks.

1426. The yoking-gear of the shafts is seen in fig. 512, which is a portion of

the off-side shaft enlarged, and broken off at a. It consists of the runner-staple

b
y
which is from 8 to 10 inches in length, its centre being placed at about 4 feet

6 inches from the lock-bar. The back-chain-hook c is fitted to slide from end
to end ofthe staple, and the breeching-hook d takes a fixed position on the back
leg of the staple ; while the draught-hook or staple e is generally placed

obliquely on the inner side of the shafts, its position there bringing it more
directly in the line of traction than if it were attached to the runner-staple, in

which position it is sometimes, though improperly, placed.

1427. The back view, and door of the cart, are seen in fig. 513, where a a is

again the axle, b b the end view of the bolsters, c the lock-bar and its connec-

tions, as seen under the body, but at the further end ; and d d is the cross-head,

t is the bottom-rail of the door, and//the top-rail, the two being connected by
plain boarding standing on end

; g g are the top-sides, and the arms on which
they are supported are seen at h and h. The door is furnished with the bottom-

catches 1 1, which are strongly riveted and bolted to the bottom-rail of the door,

their points being received into eye-bolts fixed in the cross-head, which secure
the lower edge of the door. The upper part of the door is received upon the
iron ends of the top-rails, as seen at h A, where it is secured by the cottars

dropped into the eyes of the end pins.
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1428. The dormant-bodied Cart.—Fig. 514 represents a side view of the dor-

mant-bodied cart. It has its body constructed in all respects similar to that of

the tilt-cart
;
description of it is therefore unnecessary, except as regards the

Fig. M4.

shafts. This cart requires no bolsters, but instead thereof the shafts are pro-

longed backward, taking the place of, and serving most of the purposes o£

the bolsters ; and at a Blight glance, when viewed on the side, the cart has

every appearance of a tilt. The entire length of the shafts is about 12£ feet

;

those parts that fall under the body are fashioned off, as in the figure, similar

to the bolsters of the tilt-cart, and of the same dimensions ; of the parts before

the body, the dimensions and finish are the same as in the tilt.

1429. A great variety of other forms of construction are followed in the for-

mation of the dormant-bodied cart. In many examples the body-frame of the

tilt-cart is dispensed with, the slotB being then tenoned directly into that part

of the shafts which fall within the length of the body, and the side-standards

are tenoned into the upper surface as in the tilt.

1430. In others, while the slots are framed with the shafts, the side-standards,

instead of being tenoned also into them, are attached to the outside of the

shafts by means of double clasp-bolts. This last is a simple and durable con-

struction, well adapted for the carriage of heavy articles, such as coal and the

like ; and it gives a greater width of body inside than the other.

1431. In a third form, the slots, instead of being tenoned into the shafts, are

simply laid upon them as bearers, and bolted. The side-standards are fixed

with clasp-bolts, as in the second variety. In all the three varieties the front

of the body is formed by a bottom head-rail bolted to the shafts, the top head-rail

being applied as in fig. 510.

1432. It will readily be observed, that of the dormant-bodied cart, par. 1428,

the length, but especially the width, is equal to that of the tilt-cart, which is

wider than the whole distance between the naves of the wheels, the body-frame
being projected a little over these ; hence the necessity of the deep bolsters and
shafts of these carts. In the varieties of pars. 1429-30-31, the width must be
such that they lie between the naves of the wheels ; the two varieties, however,

with the clasped standards, in pars. 1430 and 1431, acquire a width inside of 3
or 4 inches greater than the variety in par. 1429.

1433. The two-horse agricultural cart differs only from the one-horse tilt,

fig. 502, and its details, in being of larger dimensions, but especially in depth ;

the length is also increased a few inches, while the width remains nearly the

same, and the Umbers are stronger ; but all the dimensions are variable, accord-

ing to the tastes and objects of the owners.
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rig. sis.

1434. In all carts of the descriptions here noticed, the cladding or board-

ing of the floor and sides is an important point
;
very fine and straight-grained

deal should be avoided, because of its liability to split Of the woods best

adapted for the purpose, we may name the common saugh or willow, the larch,

the common Scots fir, and others of the pine tribe ; and the more they abound
in sound knots, so much the better are they adapted to the purpose, not only

preventing the splitting of the boards, but adding to the durability of the mate-

rial.

1435. The nails used for fixing the boarding should always be the common
cart-nail, which is distinguished from other common nails by its diminished

length, increased thickness, and being chisel-pointed—qualities that adapt it

for being driven into hardwood, while its thickness gives it the requisite

strength to resist the hard usage that such machines are always liable to.

1436. Com and Hay Carts.—Next in importance to the carts already de-

scribed, come the corn and hay carts, of which there are many varieties ; but

in many situations, and under certain systems of management, a substitute for

these is adopted, in the application of the hay-frame to the common close-

bodied cart; and this, though somewhat injudicious in principle, is rather exten-

sively adopted.

1437. The Tops.—The hay-frame, or tops, is a light rectangular piece of frame-

work, represented in plan by fig. 515,

and in section by fig. 516. It consists

of two main bearers a and 6, which are

fitted to lie across the cart, the one a

to the fore part, slightly notched upon

the top-rails, and leaning against the

upper head-rail, the top-sides being at

the same time removed ; the other bearer

b is fitted in like manner to the back

part, leaning against the door. A pair

of light side-rails c and c are applied on

each side, crossing the bearers, and

notched upon and bolted to them with

screw-bolts. These are again crossed

by two rails d behind, and by three

more e e in front ; and as e e pro-

ject over the back of the horse, they

are made arch-form, to give freedom to M U
his motions, the whole being bolted to Tl M
the longitudinal rails. Fig. 516, the

transverse section, exhibits the form of

the bearers, and their notchings, a and
b being the top-rails or shelvements.

These bearers are about 6 inches in

depth by 2j inches in breadth ; the

parts projecting beyond the top-rails

being tapered off from below to about inches in depth, and the extreme
length 7 feet 6 inches. The section shows also the longitudinal rails c c, as cut
across by the section and the arched cross-rail d. The extreme length from
outside to outside, of the front and back cross-rails is usually about 10i feet,

and the breadth in the same manner about 7£ feet. Both longitudinal and
cross rails are from 2 to 2J inches square, and all made of hardwood, usually ash.

1438. Various methods of securing the hay-frame to the cart are adopted.
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Figs. 515 and 516 exhibit one simple and effective method, by means of the

bolts//in the front bearer, which pass through it and the upper head-rail, and
by the single bolt g in the hind bearer, which passes through it and the door.

1439. Another method is by hook-stanchions of iron, two of which are

appended to eye-bolts in the crossing of the fore cross-rail and the inner

longitudinal rail, and two similar stanchions are appended in the same manner
behind. These four stanchions have their lower ends adapted to hook into eye-

bolts fixed in the horse-shafts before, and in the end of the bolsters behind.

This method has the advantage of serving as supports to the extremities of the

frame, as well as binding it to the cart, though the latter is not so well per-

formed as by the simple bolts shown in the figures.

1440. The price of the hay-frame is from 40 to 50 shillings.

1441. The Corn and Hay Cart—The corn and hay cart, being adapted to a

specific purpose, is a more efficient vehicle than the common cart and hay-

frame, and is of very simple construction. A side view of this cart is given

in fig. 517, and a transverse section in fig. 518 : in these the same letters mark

Ot23

tbv numTimi Morrow or tu

AMD BUY lUUI.

the corresponding parts of the two figures. Lightness being an object in this

construction, the shafts a a are usually made of Baltic fir
;
they are about 17

feet in length, 6£ feet of which goes for the

horse-yoke, and the remaining 10£ feet for

)e the body of the cart, measuring over the

cross-heads b b. The depth at the caddy-

bolt is from 7 to 8 inches, tapering forward

16 to 6 inches at the fore cross-head, and on-

ward to 3£ inches at the point; a similar

diminution being carried backward, making
the depth 5 inches at the back cross-head.

The thickness throughout the body is about 4 inches, the yoke part being dimi-

nished to 3 inches at the point. The shafts are framed upon the slots A, and are

further strengthened by two thorough-bolts passing from side to side of the

body. The cross-heads b b are 7£ feet long, 4J inches in breadth, and 2£ inches

in depth, secured to the shafts by the tail of the iron standards passing through

them and the shafts. Each side is formed with four oak standards c^c^c, and

four of iron ; two of the iron, d d, are those that pass through the cross-heads,

serving to bolt them to the shafts ; one is placed in the centre, and the remain-

ing one d' before the fore cross-head, to support the overhanging parts of the

upper works. The inner top-rails are mortised upon the oak standards, and

are pierced by the upper extremities of the iron ones. The rails are 12 feet in

length, usually made also of fir, and are about 2£ inches by 2 inches. Two
upper cross-heads t <?, together with two arched rails /, and a middle or load

rail gy
are next applied. The upper cross-heads, and also the two arched rails,

are always made of hardwood—ash or elm. The cross-heads e e are about 3
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inches by 2| inches, the arched railsf'2\ inches square, and the middle rail g
9 inches by 2, the whole being 7 feet in length, and are secured by the extre-

mities of the iron stays passing tlirough them, with screw and nut above.

As seen in fig. 518, the ends of the upper cross-heads are supported by
an iron standard i i planted near the end of the main or lower cross-head;

and between each of these and the principals d d, a diagonal stay k k is

applied, to give lateral support to all the upper works. The outer top-rails /

fig. 517, are of the same dimension as the upper cross-heads, and are sup-

ported on the extremities of the cross-rails, along with which they are secured

to the outer iron standard by screw-nuts, the bearing on the middle rail being

secured by a simple screw-bolt. The extreme breadth over these outer rails

is about 7 feet.

1442. The yoke-gear of this cart is of the same construction as that of the

tilt-cart, fig. 512 ; and for the purpose of collecting any shaken-out grain, the

body is usually close-floored, besides having a ledge-board of 3 or 4 inches

high running along the inside of the standard, as seen from b to A, in fig. 517.

1443. The com and hay cart is seldom furnished with axle and wheels exclu-

sively attached to it, but is adapted to those of any of the common carts, upon
which it is placed when required.

1444. In piercing the shafts for the caddy-bolts, the same rule is observed as

for thosL of the tilt-cart
;
taking the extreme length over the cross-rail behind

the front arched rail /, fig. 517, and dividing this in two equal parts, setting

off^ of the whole length backward from the middle point, gives the position

of the bolts.

1445. Robertson's Improved Corn and Hay Cart—A corn and hay cart, simple

in construction, but possessing complete efficiency and greater safety than

fig. 517, was contrived by a farm-servant, by name Robert Robertson, and was
introduced in 1832* in the west of Fifeshire and neighbouring counties, and of

which fig. 519 is a view in perspective, with its wheels and axle in full working

state. The shafts and body-frame of this cart may bo considered as identical

Fig. Mi<.

aoraXTSox'i improvise com »m bat c*.rt

with fig. 517, which, without the upper works, is the simple dray-cart. Upon

this body-frame is placed the fore and back cross-heads a a and 6, projecting

beyond the body, their extreme length being 7^ feet. Lighter cross-rails are

applied, one before and another immediately behind the wheels, and the whole

bolted to the shafts. Upon these cross-rails are laid a longitudinal rail

3i x 2£ inches on each side, and not more than 2 inches beyond the body-

frame, and two similar portions of longitudinal rails are also laid on each side,

extending from the fore and back cross-head to the wheel-rails ; over these lon-

gitudinal rails is laid another light cross-rail behind, and the parts all secured

• Prise Euay$ of the Highland and Agricultural Society, vol. xL p. 395.
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with bolts. A light frame d d is raised upon the fore cross-head a a to a

height of 2 feet, with two iron stancluon-rods at each, and these are surmounted
by an arched rail, which is supported against the pressure of the load by two
iron stays from the shafts. The outer longitudinal rails, being cut by the

wheels, are connected again by the arched iron bars e and r, which are bolted

at the ends to their respective rails, and these are connected by the broad cross-

rail f, the arches rising sufficiently high to allow the wheels to have freedom to

turn below the rail/. A side-board g is also raised on each side upon the body-

frame, and under the arch-rail <?, extending a little before and behind the

wheels, thus preventing the load from coming in contact with the wheels. The
body-frame is floored over in the usual manner, and the space between the body
and the inner longitudinal rails is filled up with hinged flap-boards, which are

required about 4 inches broad, thus preventing the loss of grain that may be

shaken out in the cart.

1446. Carts of this construction possess several advantages : from their sim-

plicity is derived cheapness ; and from the load assuming its full breadth over

nearly the whole floor of the cart, at the lowest possible position, the centre of

gravity of the whole load will be very considerably lower than in that of the

hay-cart, fig. 517, and still more so than on the hay-frame, fig. 515. The low

gravity produces greater stability, and reduces the risk of upsetting, besides

affording a greater facility of loading. There is also the advantage of its easy

conversion into an open dray-cart for carrying timber or the like, which is done
by unbolting the cross-heads and rails, and removing the upper framework in a
mass. The removal of the upper framework is frequently connected with the

common corn and hay cart, by having the whole of its upper works based upon
two longitudinal mils corresponding to those of fig. 519 ; and these being at-

tached to the two main cross-heads, the whole upper works can be lifted off the

body-frame, and again secured by the insertion of four bolts.

1447. The English Farm- Waggon.—In fig. 520 we give a perspective figure

of the waggon manufactured by Mr Crosskill, of Beverley. The length of the

rig.m

body over all is 10 feet, the width 3 feet 10 inches, the height of the front

wheels is 3 feet 4 inches, and that of the hind, 4 feet 9 inches. The waggon is
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constructed either with pole or shafts, and is provided with a break easily regu-

lated by a winch-wheel in front, as shown in the figure.

1448. The waggon has never yet found its way upon a farm in Scotland, nor

is it likely ever to find it, as it seems to possess no decided advantage over the

common cart. It is true that the waggon can convey a very heavy load, and it

bears no stress upon the horse's back ; but a well-balanced load upon a cart bears

no undue strain upon a horse's back ; and it has already been proved, in par. 496,

that the horse draws a load all the better and the steadier by bearing a propor-

tionate share of the load upon his back.

1449. Hay, being the most bulky load of the farm, is the most trying one for

horses, and yet we have seen 100 stones of hay—which in Scotland weighs

nearly a ton—delivered by a single horse at several miles' distance in such a hay-

cart as fig. 517, and 1^ ton is no uncommon load of hay for a pair of horses in a
double-horse cart.

1450. A waggon, therefore, that would carry a heavier load than that just

stated, would not be of particular service on a farm in preference to a cart, inas-

much as the horses would either be overstrained by it, or their number would
require to be increased ; and besides, a largo and heavy load occupies too long

time in loading and unloading for horses to be standing idle in the yoke.

1451. On a comparison between a waggon and cart, as the means of con-

veying all kinds of agricultural produce, it cannot be denied that the very

appearance of the cart at once determines it to be the more handy and easily-

managed machine.

1452. The Cart Steelyard.—We have in par. 1352 made reference to weigh-

ing-machines for in-door purposes, and in particular for thoso of the barn. We
now describe another weighing-machine, the cart-steelyard, which, by judicious

arrangement, may be applied to many other objects in the weighing department.

It is not in the weighing of carts, nor of grain alone, that the farmer should be

interested ; there is nothing that the farm produces, nor that is received or

delivered upon it, that is not deserving of being weighed and registered. Not
that every particle of produce, nor every cart-load of manure, should be precisely

weighed, but largo samples of both might be taken, upon which a fair average

could be struck ; but in many cases, 6uch as the produce of a particular field

that has been undergoing a certain routine of management, the whole produce

may be taken with comparatively little trouble if the means of doing so were at

hand, and the certain result would be a source of high satisfaction to the active

and industrious farmer. In all manufacturing estabiisliments, the raw material

consumed is carefully ascertained as well as the finished goods. Farming is but

another name for a manufacture of goods, the most important of all others—the

staff of life ; and why should the farmer not adopt the same correct system in

conducting the details of his business, which is overy day followed in the estab-

lishments of those who are employed probably in the re-manufacturing of his

produce ? It is not meant to bo urged, that he could gain anything directly by
adopting the practice of weighing all his outgoings and incomings of manures,

produce, &c. ; but the satisfaction of knowing at all times what he is putting

into this field, or drawing from that, in tons and hundredweights, is a matter of

no small importance
;
and, what is more, it would form part of a system based

npon close attention and vigilance towards the details of the business in hand,
and which vigilance and attention are the mainstay of all sound management.

1453. The cart-steelyard or weigh-bridge, which is here exhibited by fig.

521, a geometrical plan-—fig. 522, a longitudinal section—and fig. 523, a trans-

verse section, is a machine in which a combination of levers is employed to
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effect, in a commodious way, the weighing of bodies of considerable weight, and
which would require the common Roman steelyard of most inconvenient dimen-

sions, or a balance equally cumbrous, besides the inconvenience of a great mass
of movable weights. The combination consists of two double-fulcrum levers of

the second order, combined with a single lever of the first order. The relation

of the arms of the double-fulcrum levers are 3^ to 1, and of the single lever 8 to

1, making the ultimate ratio 28 to 1, so that every cwt. placed upon the plat-

form of the machine is balanced by 4 lb. on the scale-board attached to the

second lever.

1454. In describing the construction of this compound steelyard, we have in

fig. 521, tho ground or geometrical plan, the bed-frame a a a a, which is 6 feet

in length by 4 feet in breadth, the bars being about 5 inches broad and 1 inch

F1«. HL

j . .... ur ru« • a .-. . * ; l * ^.

thick, except the middle bar, which is 6 inches, the whole .surrounded by a
Btand-up flange 2 inches in height. This frame is laid in a pit formed ofmasonry,
x x, figs. 522 and 523, adapted to the size of the frame, and having the surface

of its foundation-course laid level, with a footing inwards, at a depth of 1 foot

Fig. sa.

lonv>iiui/im«l aicuox or HIS CAH? -Sm ELYAJU>

8 inches under the surface of the ground, sufficient to bear the sole-frame, and
upon which it requires to be solidly bedded. Four blocks b' b' are cast upon
tho upper surface of the frame, standing at a height of 6 inches above it, as seen

at b' V, in fig. 523
;
they are faced on their top-surface with a cradle of steel,

forming the dead fulcra of tho levers b b.

1455. The two first levers b c d, b c d, fig. 521, seen also in profile at bed,
b c d

}
in fig. 523, are so formed in the horizontal direction as to bring their points

of bearing at b, c, and d to the requisite position ; and in the vertical direction, as

seen in fig. 523, to bring the centres b, c, d into one plane. The centres of these

two lovers at b and c are steel pieces, worked off to a knife-edge, and fixed into

a dovetailed seat in the levers, while that at d is a steel pin passing through
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the end of the lever, the centre being formed on the pin at one side, as seen in

fig. 521 ; and when the levers are duly placed, their ends d pass each other

about 6 inches, being thus suited to the centres of the second lever. The second

lever k I, seen in figs. 521 and 522, has its main centres g supported upon the

Flp. 523.

TKA>».»K«I SBCI1UM Or IUI llh. JtllLUHj

two arms of the standard A, raised upon the middle bar of the sole-frame, as seen

in figs. 522 and 523. From the centre g to i the distance is 8 inches, and from

g to I it is 64 inches, or 8 to 1 ; the extremity i to k being for the purpose of

adjusting the equilibrium of the machine. Upon the centres t, of which there

are one on each side of the lever, links are appended, which, in their lower

bend, receives the centres d d of the two first, and the extremity I is formed into

the fork p p, fig. 521, upon the centres of which the scale-board m is suspended.

1456. The chamber a' a', in which the second lever vibrates, is of the same
depth as the main pit, and may be formed with masonry, or a casing of cast-

iron, with covering plates to enclose it. The platform * s, which is left out in fig.

521, but is seen in profile in figs. 522 and 523, is also a frame of cast-iron,

whereof the end bars are 15 inches in breadth, with raised ledges, as seen at o o in

the section, fig. 522, to guide the cart-wheels when being placed upon the plat-

form s. Four pendant pillars n, figs. 522 and 523, are bolted to the lower side of

the platform 5, and steel cradles are fixed in their lower ends, which are adjusted

to bear equally on the centres c of the first levers. When the platform is thus

placed on its centres, and the scale-board suspended on its centres at p p, fig.

521, if the equilibrium is not perfect, it is to be adjusted by adding to or taking

from the back end of the second lever. A light cast-iron frame is also laid into

the masonry round the edge of the pit, having guides to lead on the cart-wheels,

and also studs projecting inward, coming under the platform at the wheel-tracks

—these last serving to bear not only the weight of the platform when unloaded,

but to receive the shocks of the load when coming upon it, thereby saving much
of the tear and wear of the centres.

1457. In this form of weighing-machine, it will be observed that the platform

can have no lateral motion, which would be a defect if it had a great range ver-

tically
; but this being extremely small, the want of lateral motion does not

affect the accuracy of the indications. In those machines having slight lateral

motion, the principles of the level's are the same as here described—the chief

difference being this, that the platform is suspended upon links, to accommodate
which the pillars n n are lengthened downwards, and hooked under the first

levers, so as to rest upon the links suspended from them.

1458. By using a movable pen of wood or iron hurdles upon the platform,

cattle and sheep may be easily and quickly weighed upon this machine.

1459. A more elaborate form of the machine is in frequent use where the

business is extensive ; it consists in the application of a third lover, which is so

arranged as to stand within doors in the weigher's office. This lever is graduated,
bo that one weight adapted to slide along upon its edge gives the result of any
weight that comes upon the platform down to a certain denomination, suppose
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stoneB, or one-eighth of a hundredweight ; and by the aid of a second and

smaller weight, properly adjusted, the result in pounds may be obtained, and so on.

1460. The prices of cart-steelyards, as here described, range from £15 to £25.
#

1461. Section Fifth.—Slraw-Cutters.

1462. The importance of supplying cut fodder to cattle being now fully

established, machines to bring the material to the desired state of division are

essential parts of farm mechanism. We shall, in the present section, describe

and illustrate one or two specimens of this class of machines, known generally

as cAq^-cutters—a title, however, which is a misnomer, as the machines are

cutters of straw, not of chaff : they cut the straw into small pieces like chaff.

We therofore prefer and use the title Straw-Cutters.

1463. There are several orders or classes of straw-cutting machines, and of

these we propose to select for illustration that known as the disc. This forms,

we think, the most important order of this machine, and is that also which is

for the most part employed in England. The principal feature, the cutting-

knife, fixed upon the fly-wheel, is invariable, except that it sometimes carries

one, at other times two knives. The machinery or details are exceedingly

varied. In some, it is adapted" to cut of various lengths by means of ratchet-

wheels and lever-catches applied to the motion of the feeding-rollers, and at

the same time to move the substance forward only in the intervals of the stroke

of the knife ; in others, the motion of the straw at intervals only is attended to

;

in a third, a continuous motion of the straw is deemed sufficient : and these

varieties of motion are produced by other and various arrangements of spur,

bevel, and screw gearings.

1464. The Disc Strdw-Cutter with Convex Knives.—The machine selected

for illustration is one in which two knives are employed, and which gives

to the substance to bo cut a continuous motion forward. The figure here

representing tliis is taken from a machine manufactured by John Anderson

and Son, founders, Leith Walk, at a price of £10, 10s. Fig. 524 is a view

of this machine in perspective. The chief parts of the framework are of cast-

iron, consisting of a frame a a on each side of the machine, which are sup-

ported transversely by the truss b. The front parts of the side-frames extend

upward and form the feeding-roller frame. The cutting-plate is attached in

front of the latter portion of the framework, and is dressed truly off for the

passage of the knife over its face. The feeding-trough e is connected in the

fore part to the roller-frame, and along its bottom to the uppor edge of the side-

frames. The back end of the trough is supported in a light wooden frame.

The principal shaft/ is supported on two projecting brackets g and A, and upon

it is mounted the single-thread screw i and the fly-wheel k ; on the extreme

end also of the shaft the winch-handle I is attached. A bracket carries one end

of a small shaft, on which the Bcrew-wheel n, of 21 teeth, is mounted, and is

turned by means of the screw when the fly-wheel is put in motion. On the

opposite end of the small shaft n a spur-wheel is also placed, and acts upon

another of equal diameter placed on the axle of the lower feeding-roller. The

lower as well as the upper roller are furnished with the usual long-toothed

pinions, for admitting of the rise and fall of the upper roller. The upper roller

is supported in a light frame that rises and falls in a slide of the roller-frame,

and this is acted upon by a lever and weight, of which the hook only is seen in

the figure at o. Tho cutting-knife p is 18 inches in length, and 4 inches in

breadth. It is firmly bolted upon the arm of the fly-wheel k
}
and its cutting

edge, which is convex, is so formed that every successive point, in passing the

edge qf the cutting-plate, forms equal angles with the edge of that plate.
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1465. In many of the disc machines, the cutting edge of the knife is con-

cave, formed on the same principle of equal angles, and, in effect, is the better

of the two.

TKI M»0 •TIUW-CCTT»* WITB KKIVK*

1466. The dimensions of the principal parts of tins machine are as follows

:

Width of the frames 14 inches
;
length of cast-iron frames 30 inches, and height

3 feet; length of feeding-rollers 12 inches, and their diameter 4^ inches
;
length

of feeding-trough 5 feet, and width 12 inches. The fly-wheel is 4 feet 3 inches

diameter, and the height to its centre is 3 feet. From the entire weight of the

fly-wheel being supported at one angle of the frame, the spreading brackets q r

are attached, to give the macliine stability.

1467. Richmond and Chandler's Straw-Cutter.—Of the various forms of straw-

cutters used in England, perhaps the best known and the most highly esteemed

is that manufactured by Messrs Richmond and Chandler of Salford, Manchester.

The leading peculiarity in this form of machine is the employment of toothed

rollers, which are self-feeding, and are not liable to choke. The prevention of

choking, and rendering the machine nearly self-feeding in its operation, are

two advantages of immense importance. We give more than one form of this

machine, which, from the utility of the above features, the compactness of the

arrangements, and the admirable workmanship which usually characterises the

specimens sent out by the manufacturers, may be cited as a good example of

what agricultural mechanism ought in all cases to be.

1468. In fig. 525 we give a perspective view of the machine, and in fig. 526 a

plan, drawn to a scale of 1 inch to the foot ; and in fig. 527, part section, full

size, showing the form of the teeth of the rollers.

1469. The framing is entirely of cast-iron, well fitted, stayed, and securely

bolted together, so as to insure steadiness of working. The height of the bed-

plate of the frame from the ground-line is 2 feet 8 inches ; the length of the
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bed-plate a a a, fig. 526, is 3 feet 3£ inches ; its breadth at the narrowest part

RICBUOND »»D 1-HtXHIM STftAW-CCTTIK IK muntOTIVI

1 foot 9^ inches, and at its broadest part 1 foot 11 inches. The fly-wheel

shaft b, 1£ inch in diameter, is placed across the centre of the machine, and

pi »n or HtcHMowD un rmnMiM rxitt^oirn—init 1 nroH tom root
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HOixm-TTSTB or uriLiW-cniT**

Fig. S2*i.

revolves in steps or pedestals, c e, bolted to the sides of the bed-plate. The
bed-plate is relieved by a vacant

space to the front, 6 inches wide and

2 feet 10 inches long; in this the fly-

wheel d d and knives e e attached re-

volve. The diameter of the fly-wheel

is 2 feet 9 inches. Motion is given to

it by a handle fixed at the outer ex-

tremity at/. At the other end of the fly-wheel shaft a mitre or bevel wheel g
is keyed on, 3^ inches diameter, engaging with a bevel-wheel A, 5 inches

diameter, fixed in the end of a shaft i at right angles to the fly-wheel shaft,

revolving in bearings k k. On the outer extremity of this shaft i, a pinion,

2f inches diameter, is keyed; this engages with a spur-wheel /, 8| inches

diameter, revolving on a stud fixed to the framing of the machine. To
the centre of this spur-wheel /, a pinion m, 3 inches diameter, is fixed, engag-

ing with a spur-wheel n, 8 inches diameter. This is keyed on the end of a

shaft p parallel to the shaft t
;
and, passing below the bed-plate at its farther

extremity, a spur-wheel or pinion, 4| inches diameter, engages with a similarly

sized wheel o, keyed on to the shaft />, which gives motion to the upper roller.

To admit of the rise and fall of this roller, according to the thickness of the

layer of straw passing through, a swing-joint q is provided to the shaft p. The
width of the feed-

mouth is 9 inches,

rising from I
' inch

to 4 inches ; the

length of the feed-

ing-trough is 4 feet.

The form of the

knives is shown in

the perspective fig-

ure; it is that of

a differential scroll,

and gives a continu-

ous and uniform cut

during the revolu-

tion ofthe fly-wheel.

1470. The price

of this machine,

adapted for hand or

power, is £7. The
cost of a pulley,

where it is to be

driven by power, is

9s.
;

change-wheels

to vary the length of

cut, 6s. 6d. per pair.

1471. Richmond
and Chandler's Com-
pact Straw-Cutter.—
Iu figs. 528 and 529

we give two views
of an exceedingly compact form of machine, well adapted for exportation,

racarr ii ivtnoK or courier arrAW-ccTrt c»l», 1 ikcb to rmm roor
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recently introduced by the same firm, and constructed on the same principles

as that described in fig. 525.

1472. Motion is given to the feed-rollers through the medium of a single-

thread worm a, fig. 529, acting on the face-wheels b and c ; the pressure on

• tut n.«vi!io» or mwriti •nuw-coim.

—

»cai.». 1 >• » to the »oot

the feed-rollers a and 6, fig. 528, being regulated by the weight d on the lever

e, fig. 529. The feed-box is at ff,gg the fly-wheel, h the knife, i the handle.

In fig. 528, c c the fly-wheel, d d the knives, e and f the face-wheels, g the

weight. Fig. 528 is a front, and fig. 529 a side view—the scale to which

they are drawn being 1 inch to the foot. Price of this machine, £3, 15s.

1473. Qorse or Whin-cutting Machine.—By a change in the gearing of the

straw-cutting machine, fig. 526—the pinion on the end of the shaft i having four

more teeth—it is used as a gorse-cutter, the toothed rollers serving to crush

and bruise the gorso before the knives cut it.

1474. Section Sixth.—Turnip-Slicers, Root-Graters, and Root-Washers.

1475. Turnip-Slicersfor Sheep.—Machines for slicing roots, and particularly

for the turnip, are constructed in a great variety of forms, but may be classed

under two leading groups—those that cut the turnip simply into circular discs,

as generally adopted for the feoding of cattle, and those that cut at one opera-

tion into oblong rectangular pieces or parallelopipedons, commonly practised

for feeding sheep—forming a somewhat more complicated class of machine.

Turnip-slicers for sheep may be again subdivided into lever and revolving
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machines ; and of the many varieties under these forms, there are the stationary,

the portable, the wheelbarrow, and what may be called the locomotive machine
;

the locomotive being rendered so by its attachment to a cart, and by its own
motion thus communicated, performs the operation of slicing while it travels

over the field.

1476. The first introduction of the turnip-slicer is, like many other equally

useful inventions, lost in obscurity, but it is most probable that, like the culti-

vation of tho root itself, it originated in England ; and it is likewise probable

that the first attempt was the simple chopper still used to chop turnips for cattle.

It appears uncertain whether the lever or the revolving slicer came first into

use, as does also the time of their introduction. But we have an authentic

record of a premium having been offered in 1806 by the Board of Trustees for

the Encouragement of Arts and Manufactures in Scotland, for a revolving turnip-

slicer. This was awarded to John Blaikie, carpenter to the late Lord Polwarth,

Harden, Berwickshire, which is believed to have been the earliest application

of that form of the macliine in Scotland.

1477. Lever Tumip-Slicer for Sheep.—The first of the sheep turnip-cutters

that we shall notice, is one of the lever form, but in its mechanical construction

may be very aptly called the gridiron turnip-cutter, and is represented in an

entire form in fig. 530, which is a perspective view of the machine. It consists

of a wooden frame supporting a trough, together with the cutting apparatus.

tii« i.ivir irjRsir »: ic»t* fob »u»«i'

The frame is formed of tho four posts a a a a, which are 2} inches square.

The front pair stand 15 inches in width, over all at top, tho hind pair 19 inches

;

in both they spread a little below, and are separated to a distance of about 34

inches. Each pair is connected by cross-rails b 6, and they are connected longi-

tudinally by the bars d d, 4^ feet long, which form also the handles of the wheel-

barrow, being bolted to the posts at a suitable height for that purpose ; their

scantling is 2 inches by 1^ inch. A pair of wheels, c c, of cast-iron, 9 to 12 inches

diameter, fitted to an iron axle which is bolted to tho front posts, gives it tho

conveniency of a wheelbarrow. The trough e c, into wluch the turnips are laid

2e
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for catting, is 4 inches deep and 3£ feet long, besides the sloping continuation e

of it in front of the cutters, for throwing off the sliced turnips. The cutting

apparatus consists of a grooved frame of iron /, in which the compound cutter

moves up and down by means of the lever handle g. A forked support h is

bolted by a palm to the further side of the wooden frame, and at the extremity i

of the fork a swing link is jointed. The lower end of the link is jointed to the

extremity of the lever, which is likewise forked, forming its fulcrum ; and the

gridiron-cutter k is also jointed by its top-bar to the lever at I. While the

point J, therefore, of the cutter moves in a parallel line by its con6nement in

the grooves of the frame /, the fulcrum is allowed to vibrate on the joint t of the

swing link—thus allowing an easy vertical motion to the cutter through the

full range of its stroke.

1478. For the better illustration of the cutting apparatus, the following

figures are given on a larger scale. Fig. 531. is a front view of the cutter-

frame, and fig. 532 a horizontal section of the same, including that of the

| F1S.4S3L

X

C

a

X
0

t

Tig. S3*.

TB« rRCHT AND •!!>! Vt»W» Or 1MI COrr*M OF rm» LBVXR TUKMir-aUCB*.

grooved frame /. In fig. 532, a b c is a section of the grooved frame, with the

cutter-frame set in the grooves. The grooves are £ inch wide, and the cheek*
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of the frame 1£ inch by £ inch, making the parts a b c 1£ inch square ; a d a is

the bottom bar of the cutting-frame, 1 inch broad and \ inch thick, kneed at

the ends to receive the lower ends of the cutting-frame ; e is the edge view of

the 8licing-knife, as fixed in the cutter-frame, 4 inches broad by J inch thick,

and///fff are the vertical or cross cutting-knives, also as seen from above.

In fig. 531, d again marks the bottom bar of the cutter-frame, e is the slicing-

knife, and////// the shanks of the cross cutting-knives ; these are riveted

at top into e, and at bottom into d; g g are the side-bars of the cutter-frame,

f inch by \ inch, into which the knife t is riveted, and to which the bar d is

attached by screw-nuts. The top bar A welded to g g swells out in the middle,

where it is perforated for the joint-bolt of the lever, as seen at I in fig. 530, and
forme as a whole the gridiron cutter.

1479. Figs. 533 and 534 are views of the knives on a still larger scale. In
fig. 533, together with the portion / broken off, a a b is a cross section

of the alicing-knife, and c d e/a cross cutting-knife, with its shank; here a d
is the cutting edge, c being the body, and t / the shank of the knife. The
length of the cutting edge a d may vary from \ to 1 inch, according to the

practice of the feeder, the shank e f being about £ inch broad, and the whole

£ inch thick, except the cutting edge, that alone being sharpened and
steeled as well as the edge of the slicing-knife. Fig. 534 is a section of a
cross cutting-knife on the line x x, of fig. 533, together with a part of the

shank e.

1480. The whole length of the cutter-frame, fig. 531, is about 20 inches,

apportioned thus,—from the bottom bar d to the edge of the slicing-knife,

12 inches ; breadth of the knife, as before, 4 inches ; and from the back of the

knife to the top of the frame, 4 inches. The width of the frame over all may
be 9 inches, and the cross-cutters set at from 1 to 1^ inch apart. The
grooved frame must of course be constructed to receive and admit of the range
of stroke of the cutter-frame.

1481. It is to be remarked, that the slicing and cross-cutting is performed
with this machine by one operation, the slicing edge being only £ inch in

advance of the cross-cutters, as at b in fig. 533.

1482. In operating with this machine, the trough <?, fig. 530, is filled with

turnips, and the operator lays hold of the lever g with the right hand, while in

his left he holds a short baton. Having raised the lever, and with it the cutter-

frame, he pushes a turnip with the baton against the gridiron, and bringing

down the lever, the knives cut off a slice, and divide it into oblong pieces

;

these may partly remain between the backs of the cross-cutters until the suc-

ceeding stroke is effected, when the several portions of this slice will discharge

those of the first, and so on, into any vessel placed below the sloping part of

the trough e.

1483. A large number of sheep may be supplied by one person with sliced

turnips by means of tliis slicer ; but as the wheeled turnip-slicer is easier

worked in the field for that purpose, this hand-lever slicer will be found a very

handy machine for supplying sliced turnips to small numbers of sheep, as tups in

winter, or ewes while lambing, in small fields or paddocks.

1484. The Gridiron Horizontal Turnip-Slicer.—The gridiron has also been
applied in combination with a revolving crank motion ; the gridiron recipro-

cating, and that in a horizontal position. This modification appears to have
originated in Roxburghshire, and appears to possess some advantages, the

chief of which is, that, as the roots lie directly upon the gridiron, they are

more likely to be regularly sbced than in those machines where the roots lie
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only against the cutters, as in the common vertical disc machines. This machine

is essentially a gridiron turnip-sliccr, with a reciprocating motion, derived from

a rotatory motion. The latter is produced by turning a winch-handle, the axle

of which carries a fly-wheel and two crank levers, or, more properly, the crank

of the winch serves for both ; the throw of the handle being 15 inches, while

that of the cranks is only 7 inches from the axis. A connecting-rod on each

side of the machine connects the cranks with the gridiron-cutter, producing

the reciprocating motion, which is in the horizontal direction ; and to ren-

der the motion as easy as possible, the frame of the gridiron moves upon

slide-rods.

1485. From the circumstance of the motion of the cutter being horizontal,

and the turnips lying directly upon the gridiron, it can be easily constructed to

cut both ways, that is, with the out as well as the in stroke ; the gridiron for •

this purpose being furnished at both ends with the slicing-knife and the cross-

cutting knives, as described in fig. 531.

1486. The machinery here described is mounted on a wooden frame, 4 feet 6

inches long, 22 inches wide, and 34 inches high, and over the gridiron is placed

a square hopper of wood or of sheet-iron, into which the turnips are tluown by

an assistant, the machine being driven by a man. A bar of division is placed

across in the middle of the hopper, serving as tho point of resistance against

which tho turnips are pressed while tho slice is being made; and as the

turnips lie on the bars of the gridiron with their full weight, they will for

the most part be in a position to secure a slice of uniform thickness being

removed.

1487. A slight modification has beon made on this machine by placing the

gridiron on radius bars, making the cutter move in an arc of about 2 feet

radius, instead of moving in a slide. The radius bars produce a lighter motion,

but have no effect on tho cutting principle.

1488. With a view to economy, the regular slicing of turnips is of more impor-

tance than many farmers are aware of. When a part of the turnip is cut into

very thin, and even into fragments of slices, a very considerable proportion of it

goes to wasto. In choosing a tumip-atfar, therefore, one of its points should

always be, that it should cut as far as possible to a uniform size, whatever that

size may be, and not pass a large proportion of tho sliced turnips in thin-edged

slices, or thin and small fragments of slices.

1489. Wheelbarrow Turnip-Slieer for Sheep.— This machine has since its

introduction undergone many modifications. From being made entirely of

wood, it was then made entirely of iron; but iron lieing less convenient for

moving about, has induced tho more general introduction of a disc of cast-iron,

carrying the cutters, mounted on a wooden frame, which is generally again

mounted on wheels like a wheelbarrow. Fig. 535 is a perspective of this

machine: the wooden frame, which is 36 inches long and 15 inches wide over

the posts at top, but spreads a little wider below, is formed with four posts

a a a a, one of which is only partially seen in the figure
;
they are 2| inches

square, and stand about 32 inches in height. The posts are connected on the

sides by top-rails b b, and two brace -rails c c, below, one of which serves to

support the spout rf, which discharges tho sliced turnips. The sides of the

frame thus formed are connected by cross-rails above and below, e e e
}
and is

there furnished with the handle-bars//, bolted to the posts, and projecting a

convenient length beyond them at one end. The barrow-wheels g g, of 12

inches diameter, are fitted to an iron axle, which is bolted to the posts in front

The hopper h is fixed upon the top-rail by means of a cast-iron sole bolted npon

the rail, and is furthor supported by a wooden bracket at each side, as seen
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at «, and by tho iron stay k. The slicing-wheel / is a disc of cast-iron, carrying
three sets of cutters. The diso is mounted on an aide passing through ita

Fip. sat.

tut »am»a iwiow roaMir-sucEK ruH iu»r

centre, where it is fixed, and which is supported on bearings placed on the top-
rails, and, when worked, it is turned by the winch-handle m. fixed upon the axle.

1490. Fig. 536 is

a section of part of

this machine, cutting it

through the hopper, and
the disc, &c, to exhibit

some of the parts more
in detail, a a are parts

of two of the posts, b b

the top-rails, and c one
of the end-rails of the

frame, covered by the

boarding d of the spout.

/ is one of the pillow-

block bearings of the

axle, the other being
kept out of view by tho

hopper, and the winch-
handle is applied at e.

gg is the diso shown also

in section. The sole of

the hopper is represented

at h ; it has a flange be-

tween h and b, by which
it is bolted to the top-

rail b
J
and the Sole itself th» Harm or th» viea amu nor-rcn or tb» vdiiiihhrow nmmMUeM
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is a cylindrico-concave plate of 12 inches in length at the bottom of the con-

cavity, 9 inches in breadth, and is placed at an angle of 45°. It is also fur-

nished with a flange at each side, whereby the sides i of the hopper are attached

to the sole, k is the foot of one of the brackets i referred to in fig. 535, rising

in the position of the dotted lines, fig. 536, for supporting the hopper ; and / is

a light tie-bar, cut by the seotion, which is applied also to bind the sides of the

hopper.

1491. The disc or wheel g g, fig. 536, is a plate of cast-iron, 32 inches in dia-

meter and £ inch thick, encircled by a heavy ring of the same metal, to give it

momentum when in action. The face of the disc is divided into three segmental

compartments around a plain and central portion, which is 9 inches diameter.

This central part lies in the general plane of the disc, while the segmental portions

diverge from the plane in the direction of the circle, causing them to take the

form of portiona of three separate helical or spiral surfaces of 9 inches in breadth.

Their divergence from the plane of the disc does not, however, exceed } of an

inch at the termination of a segment, or such other space as may be determined

upon for the thickness of the slices. By this construction three slits are formed

in the disc, passing obliquely through, one at the termination of each segment

;

and the steel slicing-knife, 12 inches in length and lj inch in breadth, is fixed

by bolts, so as to form the entering edge of each segment, as seen in fig. 535

;

the flat face of the knife lying in the general plane of the disc. The terminal

edge of each segment lies exactly behind the leading edge of the next, so that,

n*. asr. . -fc,
when the slicing-knife is affixed to a leading edge,

the edge of the knife covers inch of the length

of the preceding segment. Into the border, which

is thus covered by the slicing-knife, are placed

from six to ten lancet shaft-cutters, their length

being just equal to the width of the slit, and

their distance apart proportioned to the number

employed, or the breadth at which the turnips are

required to be cross cut. The cross-cutters are

formed as represented in fig. 537, where a is an

edge, and b a side view of a cutter, with its tail and screw-nut, by which it is

fixed into the disc.

1492. It will be seen that the action of those compound cutters is very

similar to that of the gridiron, the slicing and cross-cutting knives acting to-

gether, though the slicing-knife is here also about £ inch in advance of the

cross-cutters ; and from the construction of the disc, and arrangement of the

feeding-hoppers, the turnip is applied with great regularity and in close contact

with the spiral surface of the segments of the disc. The slope of the sole-plate

in the hoppers gives the turnip a constant tendency to keep in contact with the

surface and the cutters, thereby securing regular and good performance by the

machine.

1493. Cylinder Turntp-Slicers.—Turnip-slicers for sheep have been also con-

structed in a variety of forms, with the cutters set in the surface of a cylinder,

and been in use for many years. In Roxburghshire it has been long and suc-

cessfully employed in the locomotive principle, not driven by any machinery

from the cart to which it is attached, but, being simply hooked to the cart, is

drawn forward, and the machine being of some weight, and moving upon wheels

of 3 feet or more in diameter, armed with spikes on their tires to prevent them

sliding over the surface of the ground, and to give motion to the cutting cylinder,

while a boy, sitting on the cart which contains the turnips that are to be cut,

ono»» ooiT«k» or iu> uuu ur tb«
WSIILBAWIOW TOHMtP^LlOIH.

Digitized by Google



GARDNER'S TURNIP-CUTTER.

throws them into the hopper of the machine, from winch they are dropped over

the surface of the grass on which the sheep are feeding.

1494. Gardner's Turnip-Cut-

ter. — A modification of the

cylinder-slicer was patented in

1839 by Mr Gardner, Banbury:
the principle of the patent lay

in the form and arrangement of

the cutters, which are set in

three divisions upon the surface

of the cylinder. The arrange-

ment of the cutters is peculiar,

and will be understood by the

inspection of figs. 538 and 539.

The cylinder on which the cut-

ters are placed is 15 inches in

diameter and 12 inches long.

Its periphery is divided into

three compartments, each form-

ing a portion of a spiral, so that

the commencement of one and
the termination of the next

leaves a slit across the peri-

phery, corresponding in some
degree with that described on

the disc of the Wheel turnip- nt> h.1Vat«oi« or otimmmaX turhip-cuttm—kuj, ] iwch to »oor.

cutter. The original cylindrical

sheers had the slicing-knife extending in an unbroken edge across the surface of

Fig. 538.
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the cylinder, and the cross-cutters placed under and behind it The improve-
ment on which the patent was based may be described as cutting the slicing-

kuife into a number of sections, say of 1 inch each in length. The two extreme

sections remain in the ori-

ginal position on the cy-

linder. The section next

to that on each side is re-

moved backward upon the

surface of the cylinder—
say 1^ inch— and there

fixed. The section on each

side next to those is in like

manner set back, and so on,

till the whole are placed on

the surface of the cylinder.

By this arrangement the

slicing - cutters form two

converging lines, in eche-

lon, and this is repeated

three times on the peri-

phery of the cylinder. The
cross-cutters are formed by

a part of the slicing-cutter

being bent to a right angle

with the cross-cutter.

1495. Mr Samuekon, of

Banbury, has introduced

someimprovements in Gard-

ner's turnip-slicer, which

we shall now describe. In

fig. 538 is given an end

elevation of a machine, in

which the top hopper is

removed, to show the cylin-

der ; in fig. 539 a side ele-

vation, with side of hopper

and spout removed, to show
the cylinder and cranked

knives
; in fig. 540 an end

elevation. The whole of

these are drawn to a scale

of | inch to a foot Fig. 541

is a view in perspective.

1496. The cylinder a a,

figs. 538, 539, 14£ inches

in diameter and 1 3 j inches

in length, is armed with

thirty knives set in echelon

behind each other round its periphery. Each knife is bent so as to form two

sides of a rectangle, and has an opening corresponding to it in the cylinder,

through which the cut piece is voided, passing into the interior of the cylinder

as it revolves, and from the open ends of which it falls through a spout into

l'TII«DUii»l. 1CIOJII iifllH IK r«H*MUT!V».
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a " skep " placed under tho hopper. The cylinder is keyed on the shaft b 6,

fig. 538, 1J inch in diameter, and which revolves in bearings d d, fixed to the

wrought-iron framing c c c c. The framing is supported by two wheels g g,

15 inches diameter and 2 inches broad in tho periphery. These wheels are

fixed on the shaft A, f of an inch diameter, revolving in bearings fixed to the

lower part of the frame. When the machine is at work, it rests on these wheels,

and the extremities of the two opposite supports of tho frame act as feet.

When it is required to be moved from place to place, the handles i, fig. 539, are

brought into requisition for lifting the front part, the whole then resting on tho

two wheels g g. On the shaft b b
t

fig. 538, is keyed the fly-wheel k k, 37

inches in diameter, to an arm of which is fixed the handle /. The height

from the ground-line to the top of the framing on which the bearings d d rest,

is 2 feet 8 inches ; to top of hopper, 4 feet 5 inches. The framing is strength-

ened by the flat wrought-iron stays m w, 1 inch broad, and by the round f-inch

iron stays n n, fig. 539. The upper part of the hopper o o, fig. 540, is grated,

to allow the earth which adheres to the roots' to fall away from them as they

roll towards the cylinder. A vertical plate p py
figs. 539 and 540, against

which they are pressed while being cut, is also grated, and tends to scrape the

roots clean as they descend to tho hoppor.

1497. When the machine is used to cut roots for cattle, the slices being

required larger than when used for sheep, the cylinder is furnished with largo

alicing-knives, instead of the bent ones described in par. 1496.

1498. In Gardner's double-action turnip-cutter, manufactured by Mr Samuel-

son, there are both slicing and angular knives, so that large slices or small
44
fingers " may be cut by the same cylinder, according to the direction in

which it is turned.

1499. The price of Samuelson's Gardner's turnip-cutter, as in the figures, to

cut thirty pieces each revolution, £ inch by J inch for sheep only, with handles

and wheels, is £5, 14s. 6d.

;

without these, £5, 2s. 6d.

The price of the double-ac-

tion cutter is, with handles

and wheels, £6, 14s. 6d.;

without, £6, 2s. 6d.

1500. Bushe and Barter's

Root-Grater.—Machines to

cut the turnips into very

fine shreds have recently

come much into requisi-

tion. Those are termed
Root-graters, and a variety

of patented forms are now
before the public. We
select for illustration that

form known as Bushe and
Barter's, as manufactured
by Mr Samuelson. In fig.

542 is given a perspective

view of this, in fig. 543
a front elevation, and in fig.

544 an end section. Figs. 543 and 544 are drawn to a scale of f of an inch to

the foot.

rtn. Mi
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1501. A series of knives or cutters project from the disc a a in radial lines, as

shown in fig. 543. The
disc a a is 27^ inches in

diameter, and is securely

bolted to the arms of

the wheel b 6, 2 feet

inches in diameter,

keyed to a shaft £ inch

diameter, revolving in

bearings e, fixed to the

upper or cross beam d d,

4 feet long and 3 inches

deep. The height from

ground-line to the upper

side of d d is 2 feet 5^

inches ; from ground-

line to top of hopper/
4 feet 4 inches. The

receptacle in which the

turnips lie, when ex-

posed to the action of

the cutters, is shown

tapered as in fig. 544,

the width at upper side

being 14^ inches, and

at bottom the thickness

of the back-plate is }
of an inch. The handle

c is 12 inches long.

The roots, as they come

in contact with the

knives or cutters on the

face of the disc b b,

which is mode to re-

volve by the handle c,

are rapidly cut into thin

shreds, which fall to

the receptacle, fig.

543, formed in the

lower part of the fram-

ing. While the ma-

chine is at work this

receptacle is kept closed

by a board, held in its

place by two bolts h h.

1502. Price of Bushe

and Barter's root-grater

is £3, 10s.

1503. Bentail's Boot-

Pulpcr. — In the class

of machines known as

•id« l^ftfitM or ROOT-onATin

—

*c*it. j BMM TO rwn toot u Root - pulperS," the

»HONt B I VAT tOM or ItOOT-OKATKH—|

Fig. VM.

j men to Tur foot.
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Ftp. SiS.

roots are brought to a still finer state of subdivision than in the root-graters.

Of the class of turnip-pulpers we select for illustration that invented and

manufactured by Mr Bentall of Haybridge, Maldon, Essex. In this a barrel

a a, fig. 545, 14£ inches long and

1 foot diameter, is fixed on a shaft

b c, turned by the handle i, as

shown in rigs. 546 and 547, and re-

volving in bearings fixed in the

npper frame of the machine e e,

fig. 545. The barrel a a is pro-

vided with a series of knives,

or rather hooked teeth, wedged
into apertures or slots made in the

periphery of the barrel, and which
teeth are set in a helical form tukh of »r>»T»t.i/s root Petri K.

round the periphery. Parallel to this barrel, and close to it, so that the teeth

of the barrel shall pass between the threads, an Archimedean screw d d, about

2 inches in diameter, revolves, motion being obtained from the shaft b c by

the toothed wheels / and g. The pitch of tins screw corresponds with the

pitch of the helical line formed by the teeth in the barrel a a. As the barrel

a a revolves, the teeth pass between the threads of the screw d d, and the com-

bined action of the two (the tearing of the teeth and the squeezing of the worm-

screw) very speedily reduces the roots to a good pulp. The iron teeth are

wedged in by hardwood wedges, so that on any getting broken they can be

easily taken out, and new ones substituted.

1504. In fig. 546 is given a perspective view of the machine, with the hopper

removed, to show the connection of the different parts, and in fig. 547 a view as

it appears when ready for work. In fig. 546 a a is the barrel, b the shaft
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on which this is fitted, resting in bearings on the beam c c, supported by the

standards d d; e the helical screw revolving in front of the barrel, / the spur-

wheel keyed on to the shaft of the screw e, gearing with the pinion g on the

shaft of the barrel a a.

1505. In fig. 547 a is the hopper, with grating 6, c the shaft of the working

barrel, d the helical screw, e e the beams supporting the bearings of the barrel

Flir. 547.

Kuoi-rcLtkM in 1 1 umiouvt.

and screw ;/tho spur-wheel on shaft of screw <?, gearing with the pinion g on

shaft of barrel ; h the fly-wheel, i the handle by which it is turned. Figs. 546

and 547 are drawn to a scale of $ inch to the foot.

1506. The price of BentalTs root-

pulper, capable of being worked by a

man, is £5, 5s. ; for power with 10-inch

pulley, £6, 6s.

1507. Robinson's Root- Washer.—In

fig. 548 we give a view in perspective

of an excellent potato-washer, the in-

vention of Mr Richard Robinson, late of

Belfast It consists of two cast-iron

frames a a, connected together by means

of three round malleable-iron rods. In

the forks of these frames is inserted a

wooden box or cistern b, wider at the

top than at the bottom, to contain the

water to wash the potatoes. The cylin-

der c, having a larger diameter at c than

at the other end, is sparred with fillets

of wood fastened on with iron hoops, at such distances as to prevent potatoes

slipping through between them. The cylinder c is hung on the box b by means

BontiooN'a boot w*»ii«k m n
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of an iron axle, which passes through both ends of the cylinder, and turns

upon plumber-blocks, the nearest end being extended as far as to allow the

trough g to be suspended between the box and the winch-handle «, which is

supported on its extremity. The hopper d receives the potatoes, which pass

over a grating in its inclined bottom, through which any earth or sand falls to

the ground.
1508. The washer is used in this manner : Water is poured into the box b

until it is nearly full. The potatoes are then put into the hopper d by means
of a shovel or basket, and after passing over the grating find their way into the

cylinder. On turning the winch-handle c, tho cylinder revolves and takes the

potatoes with it through the water ; and as the potatoes find their way along

its inclined bottom in the water, they are taken up by a twisted sparred inclined

plane, which carries them to the opening / in its boarded end, c, to a level of

the edge of the box, over which they run down the inclined plane of the slide

g, which conveys them as far as h, where a tub, barrow, or basket, is placed on
the ground to receive them in a thoroughly washed and clean state.

1509. The peculiar advantage of this machine is, that in turning the winch-

handle e to the right, and keeping the hopper d supplied with dirty potatoes, it

washes them, and throws them out clean in a continuous stream to the bottom of

the slide A. On turning the winch-handle e to the left, the potatoes are retained

within the cylinder until the washing is effected as completely as desired;

and then, by turning it to tho right, the potatoes are got quit of instantly.

1510. In machines
#
heretofore in use, the washing process is stopped to fill

and empty the cylinder, which must be raised out of the cistern for those pur-

poses, and lowered again into it, by a tedious and laborious process.

1511. The price of Robinson's root-washer is £3, 10s.

1512. Section Seventh.—Corn-Bruisers—Bean-Mills.

1513. Corn-Bruisers.—In following up an economical system of feeding, the

bruising of all grain so applied, forms an important branch of the system, and,

as might be expected, numerous are the varieties of machines applied to the

purpose. These naturally arrange themselves under three distinct kinds : \st,

Machines which act on a principle that partakes of cutting and bruising, by
means of grooved metal cylinders, and is applied to those chiefly driven by
the hand

;
2<f, Machines adapted to bruise only by means of smooth cylinders

:

this is applied exclusively to those driven by steam, or other agency more
powerful than the human hand

;
and, 3<f, Breaking or grinding by the common

grain millstones, and, of course, only worked by power.

1514. The Hand Corn-Bruiser.—That variety of the first division which we
shall particularly notice is represented in perspective in fig. 549. It is con-

structed almost entirely of cast-iron, except the hopper and discharging-spout

;

but its frame or standard may with propriety be formed of hardwood, when cir-

cumstances render the adoption of that material desirable. In the figure, a a a
is the framework, consisting of two separate sides, connected by two stretcher-

bolts, the screw-nuts of which are only seen near to a and a below. A case b b,

formed of cast-iron plates, is bolted upon the projecting ears at the top of the
frame, and contains the bruising cylinders. The cylinders are 4 inches in dia-

meter, and 6 inches in length, of cast-iron or of steel. They have an axle of

malleable iron passing through them, having turned journals, which run in

bearings formed on the cast-iron side-plates of the case, the bearings being
accurately bored out to fit the journals. The spur-wheels c and d are fitted

upon the axle of the cylinders, c having 14 teeth, and d 24 teeth. The cylinder
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Fig. 54ft.

corresponding to d is perfectly smooth, while that of c is grooved at a pitch

of \ inch, and about ^ inch deep, worked to sharp edges. The grooves ho

obliquely on the face of the cylinder, being at an angle of 10° with the axis.

The winch-handle e is attached to

the axle of the roller c, whose bear-

ings are permanent, while those of

d are movable, being formed in

separate plates, and fitted to slide

to a small extent in a seat, for the

adjustment of the cylinder to any

desired grist. This adjustment is

effected by means of the screws/
which act upon the sliding-plates

of the bearings, g is one of the

bearings of a feeding-roller, placed

also within the case; it is turned

by means of a toothed-wheel fitted

upon the further end of its axle,

and which is driven by another

wheel of 24 teeth on the axle of the

cylinder d. The fly-wheel h is fit-

ted upon the axle of the cylinder

c, and is 3^. feet in diameter ; i is

the feeding-hopper, attached to the

top of the case by two small hooks

;

and k is a wooden spout to convey

the bruised grain from the case.

1515. Fig. 550 is a section of the

case, and the cylinders, detached

from the frame. 6 b are the two

ends of the case cut by the section;

c is the grooved cylinder, d the

smooth, and I is the feeding-roller

—it is 3^ inches diameter, and has

cylindrical grooves formed on its

surface to convey the grain; o is

a cover of cast-iron fixed upon the

top of the case ; it has two round

ears n n, with eye-holes, which

serve to steady the hopper, and to

which it is screwed by the hooks

already mentioned. A hopper-

shaped opening m is formed in the

cover ; it is 6 inches long, 3 inches

wide at top, and 1 inch at bottom,

and the edges fit closely upon the

feeding - rollers. Two plate-iron

sliders are fitted upon the surface

of this little hopper, which serve to enlarge or contract the opening longi-

tudinally, and are fixed by screw-bolts in each plate ; the head of one of the

bolts is seen at o. p p p p are ears by which the case is bolted together, and

q q are prolongations of the side-plate of the case ; r r are additional plate*

> TM K nri.ArioK or 1 ui
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of sheet-iron, to prevent the grain from being thrown over the cylinders

unbraised.
1516. This is s very efficient machine for bruising either oats or beans,

the adjustment of the plain cylinder to the requisite distance being easily

accomplished by the adjusting screws; and to prevent the abrasion of the

grooved cylinder, by coming in too close contact with the other, a stopper is

applied on each side, to keep the slides from overreaching the proper safety dis-

tance. From the different velocities of the two cylinders, the grooved one

being the fastest, it produces a cutting as well as a bruising action, which
renders its effects on the grain more perfect than simple pressure. It can be
worked by one man, who will bruise 4 bushels of oats in an hour.

1517. The price of the hand corn-bruiser is £6, 10s.

1518. Various other forms of this machine are in use, some with both cylin-

ders grooved, others with only one grooved cylinder acting against a grooved
plate ; in this last state it is much used for bruising beans.

1519. The Plain Wheel-edged Corn-bruiser. — Amongst the varieties of

the bruising machine of the second division (see par. 1513), wo may just

notice one that is found very efficient. It consists of two plain-edged wheels
or pulleys, as they may be termed, usually about 6 inches broad on the rim

or sole ; the one ranges from 2£ feet to 4 feet in diameter, and its fellow

only half the diameter of the larger. They require to be truly turned on the

rim, and work in contact. The smaller one is always driven by the power, and
the larger usually by contact with the smaller. The smaller wheel makes,

according to its diameter, from 150 to 200 revolutions per minute. Where plain

cylinders are employed for bruising, and their surfaces moving with equal

velocity, the effect is to press each grain into a flat hard cake ; but when one
of the surfaces is left at liberty to move by simple contact, it is found that the

effect is different, for the grain passes, bruised indeed, though not into a hard
cake, but has apparently undergone a species of tearing, leaving it in an open and
friable state. This machine, however, does not answer well for bruising beans,

for here, again, they come through in the form of a flat cake. If beans, there-

fore, are used in an establishment where this bruiser is adopted, a separate one,

on the principle of fig. 549, is required for the beans alone; that machine,

though serviceable for a small establishment, being incapable, even with power,
to produce the quantity in a reasonable time that would be required in a
large one.

1520. Plain Roller Corn-bruiser for Power.—A very efficient corn-bruiser,

adapted for power, is shown in figs. 551, 552, 553
;

fig. 551 being an elevation,

tig. 552 a plan, and fig. 553 a section of the machine : the same letters apply to

such corresponding parts as are seen in all the three figures.

1521. In fig. 551, a a is one of the side-frames, ofcast-iron, which are connected

together by stretcher-bolts b i, and the frame so formed is bolted to a floor through
the palms at c c. On the top bar of the frames there are two strong snugs d d
wist, sufficient to resist the pressure of the rollers, and are formed also to receive

the brass bushes in which the journals of the two rollers are made to run. The
two rollers e and/are respectively 8 and 9± inch diameter, and are 18 inches
in length, fitted with malleable-iron shafts If inch diameter ; the roller / runs
in permanent bearings, but e has its bushes movable, for adjustment to the

degree of bruising required, and this adjustment is effected by the adjusting

screws gg. The shaft of each roller carries a wheel A, equal in diameter, which
is 9 inches. The roller e has also upon its shaft the driving-pulley t, which by
means of a belt s s from any shaft of a thrashmg-machine, or other power having
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a proper velocity, puts the rollers in motion. The rollers are enclosed in a square

wooden case k k, in the cover of which a narrow hopper-shaped opening / is

formed to direct the grain between the rollers. A hopper m for receiving the

grain is supported on the light

wooden framework n n, which also

supports the feeding-shoe o, joint-

ed to the frame at j>, and sus-

pended by the straps q, which last

is adjustable by a screw at q to

regulate the quantity of feed. A
smooth-edged oblique wheel r, fig.

552, is mounted on the shaft of

the roller/, and by its oscillating

revolutions, acting upon a forked

arm which descends from the

shoe, a vibratory motion is given

to the latter, by which a regular

and continued supply of the grain

is delivered from the hopper to

the rollers. After passing the

rollers, the grain is received into

a spout, wliich either delivers it

on the same floor, or through a

close spout in the floor below.

The velocity of the rollers, which

are driven by .the belt s *, may be

250 revolutions per minute. The

dimensions of the frame a are 30

inches in length and 24 inches in

height, the width over all being

also 24 inches.

1522. The price of the plain

roller corn-bruiser for power, as

manufactured by A. and G. H.

Slight, Edinburgh, is £10.

1523. Turner's Roller-MiU.—

An exceedingly compact and

well - constructed roller - mill is

manufactured by Messrs E. R. &

F. Turner, St Peter's Ironworks,

Ipswich. Fig. 554 is a perspec-

tive view
;

fig. 555 a side eleva-

tion, and fig. 556 an end eleva-

tion. Figs. 555 and 556 are drawn

to a scale of ^ inch to the foot

1524. The framework is en-

tirely of cast-iron, well braced

and steadied ; its height from the ground is 3 feet 2 inches, its length over all 5

feet 9 inches, its breadth at the foot is 2 feet 6 inches, and at top 13 inches.

A large wheel a a, fig. 555, 4 feet in diameter and 6 inches broad in the rim, the

periphery of which is turned with the greatest accuracy, revolves in bearings in

the back part of the framing. This roller revolves in contact with a smaller

TMI kl.«VAlluM Of 2iiK roxca cuhm-shuisia

t«« ri.AH or iuic rowiii ^oks-ukl h»k
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roller 5, llf inches diameter, the periphery of which is also accurately turned.

Motion is given to this roller by the roller a a, through the adhesion of the sur-

faces. Pressure is applied to the

bearings of the small roller 6, so

as to bring it in contact with the

large roller a, by means of the

screw-wheel c acting through a

coiled-up spring d ; the diameter

of the screw-wheel c is 9 inches.

The spring d serves the double

purpose of insuring a perfectly

uniform pressure on the sub-

stances passing between the two
rollers, and of allowing a hard

substance, such as a nail or

pebble, to pass through without

injuring the surfaces of the roll-

ers. To keep these surfaces

clean, each roller is provided

with a scraper, as e for the

roller 6, and/ for a.

1525. A small feed-roller g,

fig. 555, 2£ inches diameter,

runs at the back of the hopper,

and serves to distribute the corn

evenly between the rollers. The
quantity of feed is regulated

by a slide-door A, which is

opened and closed by a rack and
pinion. The pinion is fixed on
a small spindle having a barrel-

wheel / at one end for working
the pinion. The roller g receives

motion from the spindle of the

small roller b through the me-
dium of two pulleys a and b, fig.

55G, 4 inches diameter, and a

driving-belt ; a being keyed on
to the shaft of the roller g, fig.

555, and b to that of the roller

by fig. 555. The crushed grain

is delivered to the shoot c, fig.

556. In fig. 556, d and e are

the fast and loose pulleys for

driving the mill by power; /
is the wheel corresponding to

the wheel i, .fig. 555; g is

the hopper, and h the screw-

wheel corresponding to c, fig.

555.

1526. The price of Turner's

roller-mill, No. 2, to be worked by manual labour by the handle as in fig. 554,
2f

I UK »«CIIU« <J» m* VuW*« OOilM.llHDHI*.

Klir. 554.
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is £8; of No. 1, for power, £11, lis.: pulley for extra power, 12s.; if turned
and polished, 20s.

1527. Oilcake-Breaker.—Machines for preparing oilcake for more easy masti-

cation by cattle or sheep are made in a variety of forms. One of those is simi-

lar in principle to that of the early bone-crushing machines—namely, a revolving

axle armed with several series of teeth, which are so arranged as to pass in

succession through the interstices of a line of strong teeth or prongs, against

which the cake lies, and is reduced to fragments by the successive action of the

revolving teeth. Of this form there are various modifications, all serving the

same purpose with nearly equal success.

* 1528. A different form of the machine, and which is held to bo superior in

the principle of its construction, is hore exhibited in fig. 557, which is a viow

of the machine in perspective, wherein aaaa are the four posts of a wooden

frame, on which the machinery is supported. The frame is 39 inches in length

and 20 inches in width over the posts at top, the height being 33 inches, b b

are two top-rails, 34 inches in length, and the scantling of their timbers should

not be loss than 2^ inches square. The posts aro supported towards the bottom

by the four stay-rails c c c ; and the top-rails aro held in position by cross-

rails dj one only of which is seen in the figure. Of the machinery, the acting

part consists of two rollers, studded all over with pyramidal knobs or teetli.

These are arranged in zones upon each roller, and having a smooth space or

zone between each of the knobbed zones ; the knobs of tho one roller correspond-

ing to the smooth space in the other. The rollers e and/ are constructed with an

axle or sliaft, that of e being 25 inches long, and of/ 23 inches, and each 1^ inch

square. Journals are formed upon these shafts, to run in the bearings which are

placed on the top-rails b b; g g are two pinching-scrows, which serve to regulate

the distance at which the rollers are to work, and, consequently, the degreo of

coarseness to which the cake is to be broken. The wheel h, of 20 inches diameter,

is placed upon tho shaft of the roller c, and the pinion i, of 3 inches diameter, with
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its shaft, and the winch-handle k, act upon the wheel A, giving a very consider-

able mechanical advantage to the power which is applied to the machine. The

Fig. Mr.

fly-wheel I is likewise placed upon the shaft of the pinion i, and is requisite in

this machine to enable the power to overcome the unequal resistance of the work.

On the farther end of the shaft of each of the rollers there is mounted a whool

of 4^ inches diameter, for the purpose of carrying both rollers at the same

speed. These wheels, one of which is seen at m, are formed with long teeth,

to admit of the roller/ approaching to or receding from the other, which is

stationary in place. A feeding-hopper n is pmced over the line of division of the

two rollers; it is 16£ inches long, 3 inches wide, and 14 inches deep. In

forming the hopper, two upright pieces, 3 inches by 2 inches, are bolted to tho

inside of the top-rail, their position being between the shafts of the two rollers,

and these form the endB of the hopper. They are then boarded on each side,

which completes the machine. The hopper is here represented in section, the

near portion of it being supposed entirely removed, in order to exhibit more
distinctly the construction of the rollers.

1529. Fig. 558 is a further illustration of the construction of the rollers,

being a transverse section of the two : a a are the shafts, the shaded part b one
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tub n.*M or part or tub
noixtns.

of the plain discs which go to form the smooth zones on the body of the roller

;

it is 4 inches diameter and 1 inch thick : c is one of the knobbed discs, its body

rig. *«. rig. aw. being of the same diameter

and thickness as the former

;

but having the four-sided

pyramidal knobs set around

it, the diameter, measuring

to the apex of the knobs, is

extended to 6 inches. One

roller for the machine here

described requires five plain and six knobbed discs, beginning and ending with

a knobbed disc. In the other the arrangement is reversed, bringing out the

alternation of the plain and knobbed zones alluded to, par. 1528, as more dis-

tinctly represented in fig. 559, which is a plan of part of the rollers, c c being

two of the knobbed discs, and b b b three of the plain.

1530. Fig. 560 represents one of the bearings or plummer-blocks for the

journals of the rollers : a is

the bed of the plummer-

block, b and c the brass

bushes, and d the cover.

Tho bush by which corre-

sponds to the roller «, fig. 557,

is always stationary, while

c, which is acted upon by

the screw /, is advanced to-

wards or withdrawn from 6, as the size to which the cake is to be broken

may require. These plummer-blocks are bolted down to the top-rails e of the

frame, to wliich also the separate bearings of the pinion-shaft are likewise bolted.

1531. The price of this oilcake-breaker is from £4 to £4, 10s.

1532. It may be proper to remark here, that the machine now described

is of a good medium size, and with a man to drive and a boy to feed in the

cakes, it will break about half a ton in an hour. The amount of its performance

can be augmented or diminished to only a small extent, for as its feed is neces-

sarily confined to one cake at a time, the only change that can be made on its

production must depend upon the celerity of its motions. Hence, it is one of

those machines that cannot easily be adapted to large and to small establishments

with any view to amelioration of form ; for the almost only means of doing so

must be by giving it a quicker or slower motion, which can only affect tho

expense of construction to a very small amount—so small as hardly to be appre-

ciable.

1533. In addition to what is shown of this machine in fig. 557, the rollers

are frequently covered with a movable wooden case, which gives a more tidy

appearance to it; and, moreover, it is always desirable that the frame below

should contain a shoot formed of light boarding, that will receive the broken

cake from the rollers, and deliver it at one side of the machine into a basket or

other utensil in which it can be removed to the feeding-stations.

1534. Ransome and Suns' Oilcake-Breaker.—A very compact form of oil-

cake-breaker is manufactured by Messrs Ransome and Sims, Ipswich, a sido

elevation of which is given in fig. 561, and a plan in 562, both drawn to a

scale of £ of an inch to the foot : a perspective view in fig. 563, and a sec-

tion, fig. 564.

1535. The framing a a, fig. 561, is 2 feet 8| inches high, the standards or
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uprights being 3 inches by 2£ inches, mortised into side pieces b ft, 2 feet

11^ inches long, 3 inches deep, and 2£ inches thick. This framing supports the

Tig. 5«L

• I.,* kUV.llr.Ji or H4K»<Jii» AKU Hta. ni rut ir.mtm

plates c c, carrying the bearings of the two rollers shown by the dotted circles d d ;

the distance between which is regulated by the two pinching-screws dd in fig. 562.

PtAK or iuk^ki *wt> aix»' oii c*m imiAiKu
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Fig. 50\

To tho flv-whcel shaft /, fig. 561, worked by the handle g, the levers of which are

12 inches long from centre,

a small pinion e, fig. 562, 3j
inches diameter, is keyed

;

this engages with a spur-

wheel/, 11 inches in diame-

ter, keyed on the end of the

spindle of one of the rollers.

To the other extremity of this

tho pinion g} 4£ inches dia-

meter, is keyed on, engaging

with a similarly-sized pinion

h, keyed on to the spindle of

the other roller. The rollers

are covered with a casing

A, fig. 561, and the oilcake,

after being crushed, passes

off by the delivery-spout or

shoot i.

1536. In fig. 564 is given

a vertical section through the

line t k in fig. 562, showing the

form ofthe cutters a and 6, fig.

564. These are 5 inches in dia-

meter ; the oilcake to be broken

is passed between the pieces

c rf, 6 inches deep and 1 inch

thick ; the rollers are covered

in at the sides by the wooden

cap e e connected to the

pieces c d. In fig. 565 is

a section through / g, fig.

564, of one of the cutters,

a series of wliich forming the

rollers are fitted on Bquare

arbors or spindles a, l£ inch

square.

1537. Tho price of this oil-

cake-breaker is £4, 10s.

1538. Linseed - Bruiser's. —
There are several efficient

enough machines for bruising

linseed into meal, though,

from tho oleaginous nature

of the seed, the rollers are

apt to clog up and get out of

working order. A simple

and cheap machine for tho

purpose is made by Mr A.

Dean, Birminghain, which is

driven by hand, and costs

£6, 5s., and is represented by

fig. 566, where a is the hop-

i > : or
om or tub
curiaui*.

VERTICAL BICTI03I THHOl am use i k is na. J*J

Kit;. SOU

ma uxntib-nnuiiiH
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per for containing the seed; / the box containing the crushing-rollers; c the

spout down which the meal descends ; d the winch-handle which gives motion

to the rollers ; e the fly-wheel ; and b the slide which regulates the feed to the

rollers.

1539. Turner's roller-mill, as in fig. 554, is also an efficient linseed-bruiser.

1540. Section Eighth.—Boiling and Steaming Apparatus.

1541. Cooking Food for Stock.—The means employed for cooking food for

horses and cattle are either boiling or steaming. In boiling, an open vessel is

of course employed, in which the roots or other substances are placed, with

a sufficient quantity of water. This method has been found inconvenient in

many respects ; and when the establishment is extensive, the vessel is required

to be incommodiously large, and is withal not economical.

1542. Open Boiler Steaining Apparatus.—Steaming in a separate vessel has

been adopted in preference to boiling, and has been followed in a variety of forms,

but these may be ranked under two distinct kinds. The first is an open vessel, a
boiler, generally of cast-iron, having a channel or groove of 1 incli wide and 2

inches deep formed round its brim. The vessel is placed over a furnace properly

constructed, and is partly filled with water. The groove is also filled with water.

A sheet-iron cylindrical pan, of 3 to 4 feet in depth, and of a diameter suited to

pass into the groove of the water-vessel (which is generally about 3 feet dia-

meter), is also provided. The pan has a perforated bottom, to admit steam freely

from the lower vessel. It is also furnished with an iron bow, by which it can

be suspended, and by which it can be conveniently tilted while suspended.

This is the steaming-pan ; and for the purpose of moving it to and from the

boiler, a crane, mounted with wheel and pinion and a chain, completes the

apparatus.

1543. To put this in operation, the pan is filled with the substances to be

steamed, and covered over either with a deal cover or with old canvass bags. It

is then placed upon the boiler by means of the crane, the fire being pretty

strongly urged till the water in the boiler gives off its steam, which, passing up
through the bottom of the pan, and acting upon the contents, produces in a few

hours all the results of boiling. The water in the groove of the boiler serves as

a sealing to prevent the escape of steam without passing through the pan. But

notwithstanding this, it is evident that the steam cau hardly ever reach the tem-

perature of 212° ; and hence tins apparatus is always found to be very tardy in

its effects. When the contents of the pan have been found sufficiently done, the

whole is removed from the boiler by means of the crane, and tilted into a large

trough to be thoroughly mixed, and from thence served out to the stock.

1544. A general complaint has been urged against this construction of appa-

ratus, arising from the slowness of the process of cooking by it, and conse-

quent expense of fuel. Boilers of the form hero described are not well calcu-

lated to absorb the maximum of caloric that may be afforded by a given quantity

of fuel, neither is the apparatus generally the best adaptation for the applica-

tion of steam to the substances upon which the steam has to act. Such boilers,

as already observed, can never produce steam of a higher temperature than

212°. If they did, the shallow water-luting, formed by the marginal groove,

would be at once thrown out by the steam-pressure ; for it is well known that

the addition of 1° to the temperature of the steam increases its elasticity

equal to the resistance of a column of water about 7 inches high. A groove,

therefore, of 7 inches in depth would be required to resist the pressure, which

would oven then bo only | lb. of pressure on the square inch. Undor such cir-
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curnstances, the temperature in the Bteaming-pan will always be under 212*.

Hence the tedious nature of the process by using this apparatus.

1545. Closed Boiler Steaming Apparatus.—A better apparatus than the above
is represented in fig. 567. The principle of its construction is that of a closed

boiler, in which the steam is produced under a small pressure of 3 to 4 lb. on the

d in CLO»«ti-uoU.»h ItitViao aI>i-aiutu«. C

inch. It is then delivered through a pipe to one or more separate vessels con-

taining the substances that are to be cooked ; and these vessels are so arranged
as to be readily engaged or disengaged with the conducting steam-pipe. The
outline a b c d of fig. 567 represents a section of the steaming-house, with the

apparatus in the order of arrangement, and of the extent that may be capable

of supplying an establishment of from 10 to 16 horses. The boiler e is of a

cylindrical form, 20 inches in diameter and 4 feet in length. It is set in brick-

work /, over a furnace of 14 inches in width, with fire-grate and furnace-door.

The brick building requires to be 6 feet 6 inches in length, 4 feet 6 inches in

breadth, and the height about 3 feet 6 inches. The furnace is built with a cir-

culating flue, passing first to the further end of the boiler, then turning to right

or left according as the chimney may bo situated, returns to the front of the

boiler, and terminates in the chimney on the side opposite to the first turning.

The flues should be not less in width at the upper part than one-fourth the diameter
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of the boiler; and their height will be about one-third the diameter. The
steam-pipe is attached to the boiler at its crown, takes a swan-neck bend down-

wards to within 12 inches of the floor at g, and terminates at p ; it is furnished

with as many branch nozzles as there are intended to be steaming-vessels. The
Bteam-pipe may be either of cast-iron or lead, and 2 inches diameter in the bore.

The receptacles or steaming-vessels h h are usually casks of from 50 to 100 gal-

lons contents. They are mounted with two iron gudgeons or pivots, placed a

little above mid-height; they are besides furnished with & false bottom, sup-

ported about 3 inches above the true bottom ; the false one being perforated with

a plentiful number of holes, to pass the steam which is introduced between the

two bottoms. The connection between the steam-pipe and the receptacle may be

either by a stop-cock and coupling-screw—which is the most perfect connection

—or it may be by the simple insertion of the one nozzle within the other, in the

form of a spigot and faucet. If with spigot and faucet, the nozzle that leads from

the steam-pipe is stopped with a wooden plug, when the steaming-vessel is disen-

gaged. Besides the steam-pipe, the boiler is furnished with a pipe i, placed in

connection with a cistern of water k, the pipe entering into it by the bottom, and
its orifice closed by a valve opening upward, the lower extremity of the pipe

passing within the boiler to within 3 inches of its bottom. A slender rod I passes

also into the boiler through a small stuffing-box ; and to its lower end, within the

boiler, is appended a float, which rests upon the surface of the water within the

boiler. The upper end of this rod is jointed to a small lever, which has its ful-

crum supported on the edge of the cistern a little above 1c ; the opposite end of

the lever being jointed to a similar but shorter rod, rising from the valve in the

bottom of the cistern. This forms the feeding apparatus of the boiler, and is so

adjusted by weights, that when the water in the boiler is at a proper height, the

float is buoyed up so as to shut the valve in the cistern, preventing any further

supply of water to pass into the boiler, until, by evaporation, the surface of the

water has fallen so far as to leave the float unsupported, to such extent as to

form a counterpoise to the valve, which will then open, and admit water to

descend into the boiler, until it has again elevated the float to that extent that

will shut the valve in the cistern.

1546. By this arrangement, it will be perceived that the water in the

boiler will be kept nearly at a uniform height ; but to accomplish all this,

the cistern must be placed at a certain fixed height above the water in the

boiler, and this height is regulated by the laws which govern the expansive

power of steam. This law, without going into its mathematical details at

present, in so far as regards this point, may be stated in round numbers as fol-

lows : That the height of the surface of the water in the cistern must be raised

above the surface of that in the boiler, 3 feet for every pound-weight of pressure

that the steam will exert on a square inch of surface in the boiler. Thus, if it

is estimated to work with steam of 1 lb. on the inch, the cistern must be raised

3 feet ; if 2 inches, 6 feet ; 3 inches, 9 feet ; and so on. If the steam is by any
chance raised higher than the height ofthe cistern provides for, the whole of the

water in the boiler may be forced up through the pipe into the cistern, or until

the lower orifice of the pipe, within the boiler, is exposed to the steam which will

then also be ejected through the pipe, and the boiler may be left dry. Such an
accident, however, cannot occur to the extent here described, if the feeding appa-

ratus is in proper working order ; and its occurrence to any extent is sufficiently

guarded against by a safety-valve.

1547. The safety-valve of the steam-boiler is usually a conical metal valve,

and always opening outward ; it ought always to be of a diameter large in pro-



458 MACHINES FOR THE PRODUCTS OF THE SOIL.

portion to the size of boiler and steam-pipe, so as to insure the free egress of any
rapid generation of steam. For a boiler of this size, par. 1545, it should

be 2 inches in diameter on its under surface—that being the surface acted upon
—tins gives an area of fully 3 square inches ; and if loaded directly, or without
the intervention of a lever, for steam of a pressure of 1 lb. on the inch it will

require 3 lb. ; if 2 lb. on the inch, 6 lb. ; if 3 lb. on the inch, 9 lb., and so on.

With these adjustments, the Bteam, should it rise above the proposed pressure,

will, instead of forcing the water through the feed-pipe, raise the safety-valve,

and escape into the atmosphere until the pressure is reduced to the intended

equilibrium.

1548. Another precautionary measure in the use of the steam-boiler is the

gauge-cock, of which there are usually two, but sometimes one, a two-way cock
;

they are the common stop-cock, with a lengthened tail passing downward, the

one having its tail terminating about l£ inch below the proper water-level in the

boiler, the other terminating l£ inch above that level, which allows a range of 3

, inches for the surface of the water to rise or fall. The first, or water-cock, then,

when opened, will throw out water by the pressure of the steam upon its surface,

until the surface has sunk l£ inch below its proper level, when steam will be dis-

charged, thus indicating the water in the boiler to be too low, and that measures
should bo taken to increase the supply. When the second or steam-cock is

opened, it will always discharge steam alone, unless the water shall have risen

so liigh as to come above its orifice, in which case the cock will discharge

water
,
indicating a too large supply of water to the boiler, and that it should be

reduced ; for which purpose the feed-pipe t is provided with a stop-cock m, fig.

567, whereby the admission of water can be entirely prevented at the pleasure

of the attendant.

1549. The foregoing description refers to a steaming apparatus of the best

description, and implies that the water-cistern can be supplied either from a

fountain-head, or that water can be pumped up to the cistern. But there may
he cases where neither of these are easily attainable. Under such circumstances

the feed-pipe may rise to the height of 4 or 4£ feet, and be surmounted by a

funnel, and under it a stop-cock. In this case, also, a float with a wire stem,

rising through a stuffing-box on the top of the boiler, must be employed ; the

stem may rise a few inches above the stuffing-box, in front of a graduated scale,

having the zero in its middle point. When the water is at the proper height

in the boiler, the top of the stem should point at zero, and any rise or fall in the

water will be indicated accordingly by the position of the stem.

1550. To supply a boiler mounted after this fashion, the first thing to be

attended to, before setting the fire, is to fill up the boiler, through the funnel, to

the proper level, which will be indicated by the float pointing to zero ; but it

should be raised, in this case, 2 or 3 inches higher. In this stage the gauge-
cocks are non-effective ; but when the steam has been got up, they, as

well as the float, must be consulted frequently ; and should the water, by eva-

poration, fall so low as 3 inches below zero, a supply must be introduced through

the funnel. To effect a supply in these circumstances, the steam must bo

allowed to fall rather low, and the funnel being filled, and the stop-cock opened,

the water in the funnel will sink down through the tube, provided the steam

be sufficiently low to admit its entrance, but the first portion of water that can

be thus thrown in will go far to effect this, by sinking the temperature. The
sinking of the temperature by the addition of a large quantity of cold water, is

the objection to this mode of feeding; but this is obviated to some extent

from the circumstance, that unless the steaming receptacles are large or numer-
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ous, the first charge of water will generally servo to cook the mess, when a

fresh charge can he put in for the next.

1551. In using tliis steaming apparatus, it has been noticed, in par. 1545, that

the casks are furnished with gudgeons, which play in tho posts n n, fig. 567
;

these are kept in position by the collar-beam o to which they are attached, the

casks being at liberty to be tilted upon these gudgeons. They are charged when
in the upright position, and the connection being formed by the steam-pipe, they

are covered at top with a close lid or a thick cloth, and the process of steaming

goes on. When the substances are sufficiently cooked, tho couplings r r are

disengaged, the upper part of the cask is swung forward, and their contents

discharged into a trough winch is brought in front of them for that purpose.

1552. Tho connections with the steam-pipe are sometimes, for cheapness,

formed by a sliding tube of copper or brass, about 4 inches in length, winch,

after tho nozzle of the cask and that projecting from the steam-pipe are brought

directly opposite to each other, is slid over the junction, and as a moderate

degree of tightness only is requisite in such joints, a strip of sacking wrapped
round the ends of the slider is found sufficient. On breaking the connection,

and opening the exit nozzles, tho steam will of course flow out, but this is

checked by a wooden plug, or even a potato or slice of turnip, thrust into the

orifice, may bo sufficient. It is advisable, however, that a main stop-cock

should be placed in tho steam-pipe anywhere between the boiler and the first

receptacle.

1553. Tho most perfect mode of connection between the steam-pipe and the

receptacles is a stop-cock and coupling-screw. These should be of 1^ inch bore

;

they are more certain in their effect, and more convenient in their application,

though attended with more expenso in the first cost of the apparatus. In this

case no main-cock is required. The extremity of the steam-pipe should, in all

cases, bo closed by a small stop-cock, for the purpose of draining off any water

that may collect in the pipe from condensation. A precaution to the same effect

is requisite, in tho bottom of each cask, to draw off the water that condenses

abundantly in it; or a few small perforations in the bottom will effect the

purposo.

1554. It must be remarked, in regard to steaming, that in those establish-

ments where grain of any kind is given in food in a cooked state, dry grain

cannot be cooked, or at least dressed to softness in dry steam, the only effect

produced being a species of parching; and if steam of high temperature is

employed, the parching is increased nearly to carbonisation. If it is wished,

therefore, to soften or even to lx>il grain by steam, it must be done by one of

the two following methods : The grain must either be soaked in water for a few
hours, and then exposed to the direct action of the steam in the receptacle ; or

it may be put into the receptacle with as much water as will cover it, and then,

by attaching the receptacle to the steam-pipe by the coupling stop-cock, or in

the absence of stop-cocks, by passing a bent leaden pipe from the steam-pipe,

over the upper edge of tho receptacle and descending again inside, to the space

between the false and the true bottoms : the steam discharged thus, by either

method, will shortly raise tho temperature of the water to the boiling point, and
produce the desired effect.*

1555. The time required to prepare food in this way varies considerably,

according to the state of the apparatus, and the principle of its construction.

With the apparatus just described, potatoes can be steamed in casks of from

* See Quarterly Journal of Agriculture, vol. vi. p. 83.
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32 to 50 gallons contents, in thirty to fifty-four minutes. In casks extending to

80 gallons, an hour or more may be required.

1556. Turnips require considerably longer time to become fully ready
;
espe-

cially if subjected to the process in thick masses, the time may be stated at

double that of potatoes. When the apparatus is ill constructed, the time, in

some cases, required to cook turnips, extends to five hours. And, with reference

to the apparatus described in par. 1542, the time is seldom under five hours.

1557. The prices of steaming apparatus vary according to quality and extent

;

but, on an average, the open boiler and pan apparatus, including a power-crane,

will range from £7 to £10; and of fig. 567, the price ranges from £8 to £16.

The expense of building the furnace, and supplying mixing troughs, will add

about £2, 10s. to each.

1558. In figs. 568 and 569, we give a perspective view of two exceedingly

compact fonns of steaming apparatus—fig. 568 being that of Messrs Riclimond

and Chandler, Salford, Manchester, an arrangement which has long had a

high reputation—fig. 569 being that recently introduced by Messrs A. and W.
Smith and Co., Glasgow.

1559. Richmond and Chandler's Steaming Apparatus.—In fig. 568 a a is the

furnace of brick, b tho furnace-door, c the ash-pit The boiler d is capable of

hlCRKOHO AMD DBAMMJUft DKAMIKO AWAHAtCIl IN PIllltrBUTtTI.

holding 30 gallons, and is supplied with self-acting feed-apparatus / g k, by

which a due supply of water is maintained ; e is the manhole door. The steam

is led off by the pipe t k I to the mash-tub or cylinder m m. Tins is capable of

holding 4 bushels, and is 30 inches long or deep, and 22 inches in diameter. It

is swung on swivel-joints to the uprights q q> 22^ inches from the ground, bolted

to the timbers or sole-plates r r. The supply of steam is regulated by the stop-
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rig. sop.

i CO.". imSATOI tM LIVATIOM.

cock on the pipe between i and k. The cover is kept on steam-tight by the pres-

sure of the screw p passing through the bearers o o. Tho best wrought-iron
plate is used in tho construction of the boiler and receptacle ; the feed-appa-

ratus and boiler mountings are of cast-iron.

1560. The price of Richmond and Chandler's steaming apparatus is £6, 9s.

If required, a second mash-tub can be placed at the other side of the boiler.

1561. Smith 4
m Co.'s Steaming Apparatus.—In fig. 569, of Smith & Co.'s steam-

ingapparatus, the boiler

is on the Cornish or in-

ternal-Hue principle. It

is fitted with a furnace,

two pans, and self-act-

ing feed-valve and pipe,

of which the illustration

will convey a general

idea to the reader.

1562. The price, with

two pans to hold 85 gal-

lons each, is £26, with

flue-boiler; with plain

boiler, £23. To hold 50
gallons each, with Corn-

ish boiler, £18 ; with

plain boiler, £10.

1563. Trouble and inconvenience are often felt in the use of a steaming appa-

ratus of tho most perfect construction, and far more of others of less ingenious

arrangement ; and the consequence is, that many are abandoning the steaming

process altogether, and returning to the once contemned open boiler. It is

quite possible that more fuel is required in the boiler than in the steaming

apparatus to produce the same effects ; but the boiler is so simple in its use,

so ready at all times, so free from danger and accident, and so efficient in its

results, that it may ultimately be the only apparatus in a farm that will be used

to preparo food for either cattle or horses. We have had opportunities of wit-

nessing tho use of both apparatus in extensive farms where food is constantly

prepared, and has been for many years past ; and our conviction is now entirely

in favour of tho boiler. And now that potatoes, which are best cooked by steam-

ing, cannot be depended on as a crop, and may, in future, bear a high price

—and, on tho contrary, as turnips, whose culture is extending every year, are

best cooked by boiling—the boiler promises to become the more useful apparatus

of the two.

1564. The Common Boiler.—Fig. 570 represents a common largo boiler, fitted

up in the best manner, where a is the cast-iron boiler, from 3£ to 4 feet diameter

across the top ; b the furnace-grate for containing tho fire, with its door ; c the

damper, in tho flue for regulating the draught upon the fire ; and d tho stop-

cock for supplying the boiler with water. The use of a boiler is so well known
to country people that notliing need be said on it here.

1565. A sure method of preserving the front and top of the boiler from being

broken, is to cover the first coat of plaster with stout coarse linen, and rub

the second coat of plaster while moist through its texture, and to place a strong

flagstone around the mouth of the boiler.

1566. But the boiler is not always properly built upon its seat in the furnace.

It is furnished with two or three studs or ears, projecting from under the flange
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around its mouth, by which it may easily be suspended. A not unfrequent,
but improper way of setting the boiler upon the furnace, is to cause the edge
of its bottom to rest upon the building from both sides of the furnace-door to

the back part of the building, where
the flue is formed in connection with
the chimney. The effect of this mode
of setting is to cause the entire force

of the fire in the furnace to strike

against the bottom only of the boiler,

and the greatest force will affect that

part of the bottom which is nearest

the furnace - door, the heat from

whence must cook the entire contents

of the boiler, and where at times the

bottom must be so greatly heated—as

when the contents of the boiler are re-

moved immediately after they are suffi-

ciently cooked, and cold water is poured

into the boiler, in preparation for the

cooking of another mess—that it is

either crackod by the sudden cooling of

the water, or is honeycombed by the

fire, when the liquid in the boiler will

ooze gradually through the corroded

metal into the fire.

1567. Now, the proper way of setting a boiler is this : When the building

has proceeded so far as to have formed the ash-pit, and received the grate and

dumb plate and furnace-door, to the height of the door, lot a circular basin be

built of the form of and a few inches larger than the boiler, to contain the boiler

itsolf ; and let it be so contracted, as it comes nearer to its height, as to sus-

pond the entire boiler within the basin by its oars ; and let a flue be built from

behind, or at one side of the basin, as the case may be, into the chimney. The
advantage of this mode of setting is, that the heat of the fire is not confined to

one part of the boiler, but is diffused over the whole of its undor surface ; and

though tho heat may not be so great at any one part, it cooks the contents more
equally, and preserves the boiler from overheating and injury.

1568. In any case a damper is a requisite part of a boiler and furnace, to

regulate the draught through the fire, according to tho state of the air. It is

Fin. an. to be regretted that this regulator is little attended to

~J after the first time it has been adjusted ; and the con-

sequence is, when the fire does not burn so briskly as

desired, more coals or wood are put into tho furnace

;

and when it burns too fiercely, it is regarded as a

happy incident, instead of tho draught of air being

regulated by means of the damper, according to tho

circumstances of the case.

1569. Clarke $ Co.'« Portable Combined Furnace and

Caldron.—In fig. 571 is given a section of a portable

combined furnace and caldron, manufactured by Messrs

Clarke and Co., Shakespeare Foundry, Wolverhamp-

ton. Tho boiler or caldron is at a a ; b the fur-

nace, with semicircular t()p, to expose as much of the heating surface to the
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material as possible ; c the ash-pit ; d the crane or stop-cock, by which to with-

draw the contents of the boiler a a. In the form illustrated, the apparatus

re8te on an ash-pit, which forms the base, and is lifted from place to place by
handles fixed to the boiler. To expedite removal, the apparatus may be

mounted on wheels.

1570. Section Ninth.—Dairy Apparatus.

1571. Churning.—The process of churning, or agitating milk and cream for

the production of butter, is performed in such a variety of machines, and in

vessels so variously formed, each of which has its advocates, and, probably,

with but little difference in the principal results, that it becomes a question of

no small difficulty to answer which of these numerous forms is the bost.

That there will be slight differences, is at the same time sufficiently apparent

;

but these will arise more from the capacity of the vessel, as affecting tempe-

rature, than from peculiarity of structure, and probably also from other condi-

tions affecting the chemical changes that take place during the process of

churning. It will also be obvious, on a full consideration of the subject, that

causes of difference will arise to some extent from the circumstances attending

the more or less perfeot nature of the agitation produced, as arising from the

peculiar formation, and the motions, whether of the containing vessel or of the

agitators.

1572. The peculiarities of the form of churns may be viewed under four

distinct classes : 1. Those in which both the fluid and the containing vessel,

with its agitators, are in rotative motion ; 2. In which the containing vessel is

at rest, and the agitators in rotative motion horizontally ; 3. In which the con-

taining vessel is at rest, and the agitators in rotative motion vertically ; and 4.

Wherein the containing vessel is at rest, and the agitator having a rectilinoal

vertical motion.

1573. In the class which has both the fluid and the containing vessel, with

its agitators, in a rotative motion, is to be noticed those machines acting by
their gyration on a centre, such as the old barrel-churn, wherein the contained

fluid will have a tendency to acquire a motion of rotation approaching to that

of the vessel ; and if this rotation were continued always in the same direction,

the process would be very much retarded from a deficiency of agitation : hence,

in such machines, very frequent changes in the direction of the rotative motion

is absolutely necessary to the completion of the process of making butter.

1574.—The second class embraces those in which the vessel is permanent,

and an agitator of two or four arms revolves horizontally within it. If the

vessel is cylindrical, tho agitation will be imperfect, for the fluid will very soon

acquire a motion en masse, and will be carried forward by the arms of the

agitator, undergoing such agitation only as will ariso from the central portion,

acting by the centrifugal force, having always a tendency to fly towards the

circumference of the revolving mass. This will no doubt ultimately, though
slowly, produce the requisite effect, but it will be more speedily accomplished

if the vessel is of a square form ; for in that case tho rotation of tho mass will

be interrupted at every angle, and eddies formed therein of such force as will

not only cause disturbance of tho fluid in these angles, but in doing so will pro-

duce corresponding counter-motions in the entire mass. From such causes,

churns of this class and of tho square form are found, especially on the large

scale, to be very efficient, though, from tho inconvenience of adopting manual
power to a horizontal motion, it is seldom resorted to in tho small scale.

1575. In the third class of machines, whero tho vessel is permanent, but

Digitized by Google



MACHINES FOR THE PRODUCTS OF THE SOIL.

having the agitators revolving in a vertical direction, the agitation is regular,

and pervades at all times the entire mass of fluid ; and in this respect there is

little if any difference in effect, whether the bottom of the vessel be flat or
cylindrical, nor is there any necessity for changing the direction of motion.
We accordingly find that, whether on the large or small scale, churns of this

class find favour in almost all localities.

1576. The fourth class of this useful machine is the upright or plunge churn.
The vessel in this is also permanent, and its height, unlike all the others, is

considerable, as compared with its breadth. As a matter of convenience, it is

always made cylindrical, or rather slightly conical, which last property is given
to it for the convenience of hooping, for in every other respect its tapering form
is a defect. The plunger must necessarily always move vertically, without any
rotative motion, and, when extended throughout the entire column of fluid, the
agitation must be as complete as it is possible to attain.

1577. Plunge or vertical churns, therefore, are by many held as the most
perfect for the production of butter, as well as for saving time in the operation

;

but there are objections to it as regards fitness for the adaptation of manual
power. It is obvious to even a careless observer, that the human arm, if applied

directly to the upright staff of this churn, the body being also upright, will be
employing that power under the greatest possible disadvantages. The muscles
of the arm, acting as they do in all cases under great natural disadvantages in

respect of their leverage, will, in this peculiar position, be deprived of nearly-

all aid which the muscles of the trunk in many positions are calculated to give
out to assist those of the arm ; hence it is that the labour of working these

churns by hand is found so oppressive, that the operator is unable to keep up
a constant action ; and the principle on which the churn is based is blamed for

that delay in the operation, that ought rather to be attributed to the defect in

the medium through which the power is applied. In proof of this, we find that

when animal, or any of the inanimate powers, are applied to the vertical churn,

it attains a character superior to all others, both as to time and production,

and this character is sustained throughout some of the best dairy districts of

Scotland.

1578. The advantages of applying hand-power through a proper medium are

also observable in the case of this churn, when such power is applied through a
winch-handle with a fly-wheel. Examples of this arrangement have been

attended with the best effects, and with much ease, as compared with the direct

application of the power to the plunger-rod.

1579. The Barrel-Churn.—In proceeding to the details of the churning

machinery, the first class embraces those machines that act by their gyration

round a centre, the fluid and the containing vessel revolving together, or par-

tially so ; of which the common barrel-chum may be taken as the type. The
barrel, which is of capacity suited to the dairy, is sometimes provided only with

a large square bunghole, secured by a clasped cover, by which it is charged and

emptied ; while in other cases, one of its ends is movable, and made tight by
screwing it down on a packing of canvass cloth. In all cases, it is necessary

that the interior of the barrel should be armed with three or more longitudinal

ribs of wood standing as radii towards the centre, and perforated in various

forms ; these constitute the agitators of the chum. Each end of the barrel

is furnished with an iron gudgeon or journal strongly fixed to it, and to one of

them is applied the winch-handle by which the machine is turned ; while it is

supported on a wooden stand, having bearings for the two journals. More
than one imperfection attends this construction of chum. From the circum-
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stance of its rotatory motion, it will always have loss or more of a tendency
to carry the fluid round with tho barrel and the agitators, more especially

if a rapid velocity of rotation is given to it ; and to counteract this tendency,
it becomes necessary to reverse the motion at every few turns, which is

of itself an inconvenience. There is, besides, the great inconvenience of

getting access, either to remove the butter that may adhere to tho agitators,

or to cleanse the interior of tho barrel. This is especially the case where there

is no movable end ; and even with this convenience for cleaning, the trouble of

opening and closing the end is considerable. To those imperfections it is, no
doubt, chiefly owing that this churn, once in high repute in East Lothian and
Berwickshire, has gradually fallen into comparative neglect ; and from these

circumstances, it has been deemed unnecessary to give figures of this class of

churn.

1580. The Horizontal Churn.—The machines to be here noticed under the

second class are of a less varied character than any of the others, are seldom, if

ever, used with hand-labour, but are generally worked by horse-power, and
chiefly in town dairies, or in those around Edinburgh. From tho comparatively

email importance of tliis churn, it has been deemed unnecessary to give a figure

of it ; but its structure is so simple, that the following description will convey a
tolerably correct knowledge of its construction to the mechanical reader. The
horse-path, especially in towns, where space is valuable, seldom exceeds 16 feet

;

the horse-beam, with yoke, is fixed to an upright central shaft, which carries a

spur-wheel placed at a height of about 3£ feet from the floor, the wheel being

about 4 feet diameter. A churning-vessel, of dimensions varying with the extent

of the dairy, is attached to the machine—and sometimes two vessels. For a dairy

of 25 or 30 oows, where much of the produce is sold as sweet-milk, tho vessel may
be 2 feet 8 inches square and 2 feet 8 inches deep : it is placed securely on the

floor at a proper distance from the central shaft, to suit the spur-wheel. A foot-

step of metal is placed in the centre of the bottom, and a cross-head is attached

to two uprights fixed on opposite sides of the vessel. The foot-step and cross-

head serve as the two bearings for an upright spindle, which carries the four-

armed agitator, and a pinion of 3^ inches diameter adapted to the spur-wheel.

These parts, and a close cover for the vessel, complete the machine, which is

therefore extremely simple ; and in a dairy which is too extensive for manual
power being applied effectually to churning, while want of space may preclude

the adoption of more bulky machines, the one here described may be resorted to

with advantage.

1581. Whituwrth and Eastwood?a Compound- Action Chum.—This churn is

manufactured by the owners at Blackburn, Lancashire, and belongs to the

second class. It has two agitators within the receptacle, which are moved by
bevelled wheels of the same size, causing each agitator to have the same action

and velocity. These wheels are mounted on a horizontal spindle, wliich is

moved by a winch-handle, and when the churn is large, the action may be assisted

by another winch-handle and a fly-wheel at the other end of the spindle. The
spindle has bearings on two studs, connected by a bar that keeps the bevelled

pinions on the top of the shafts of the agitators in their places, and the studs are

secured on opposite sides of the churn with pinching-screws. The whole work-

ing gearing is easily removed, to allow the butter to bo taken out of the churn,

and the churn to be cleansed.

1582. This churn is equally adapted for the hand or for power, according to

its capacity.

1583. Its price varies from £1, 13s. to £6, as it may churn from two to

2g
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Fig. 672.

thirty gallons of milk or cream ; 2s. per gallon extra being charged from thirty
to forty gallons, and la 6d. a gallon above forty gallons.

1 584. Churns of the third class are much more numerous than the two former
classes, and though in themselves not differing much in the essential points,
they yet exhibit a variety of structure in their details. They are usually dis-
tinguished by the name of box-churns, though the class embraces not only the
cubical and the oblong box, but also the cylinder or barrel, the distinctive

character being an agitator revolving in the vertical direction within a station-
ary case of any form.

1585. The Box Hand-Chum.—To illustrate this class, we have selected, first,

the common box-hand churn, in very
general use. The present example, fig.

572, is 18 inches in length, 11 inches in

width, and 20 inches in depth, inside

measure. Birch or plane-tree are the
best material for the purpose, and it

requires to be very carefully joined so as

to be water-tight. It is of very small
moment whether the bottom is formed
to the circle of the agitator, or remains
flat, in as far as the production of butter
is to be considered ; but for the pro-

cess of cleansing, the curved bottom
will present some little advantages. A
cover of the same material is fitted close

iu the top of the box, with convenient a
handle.

1586. The agitator, fig. 573, is of the usual form ; the dimensions of its parts

Fiir. 57S. are unimportant, except that they have sufficient

strength, and present sufficient surface to produce the
requisite degree of agitation in the fluid. The two
pairs of arms are half lapped at the centre, and the
cross-bars mortised into them; the dimensions in

length and breadth being such as to allow it to move
with freedom within the box. At the centre a per-

foration is made through the sides to admit the iron

spindle, which, at this part, is a square bar, fitting

neatly into socket-plates of iron let into the agitator

on each side, as seen in the figure at a.

1587. The further end of the spindle projects about

an inch beyond the agitator, and is rounded to form a journal, which has its

bearing in a close brass plate-bush or socket, which is sunk into the side of the

box, and fixed with screws. The outward end of the spindle is furnished with

a conical journal, the smallest diameter of which is equal to the diagonal of

the square part of the spindle, and is furnished with a raised collar or ruff; the

conical journal lying in a thorough brass plate-bush, leaving the collar outside,

but embraced by a cup of tho bush, upon which a coupling-ring is screwed,

covering the collar, and, pressing home the conical journal, preventing thus the

spindle from being withdrawn until the coupling-ring is removed. The spindle

oxtends beyond the collar about 2£ inches, and is here formed into a square

stud, upon which the eye of the winch-handle/, fig. 572, is shipped when in work.

1588. In rigging this apparatus, the agitator is placed within the box, and

the agitato* or :uk aoi-cucns.
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the spindle is pushed through the outer bush and the agitator, until its two
journals rest in the bushes ; the coupling-ring is then screwed on to the outer

bush, until the spindle with the agitator just turns round with freedom in the

conical bush. To prevent the ring from turning round by the motion of the

spindle, a smooth ring or washer of steel may be interposed between the collar

and the brass ring.

1589. Various other modes of securing the spindle are employed, but in all,

the object is to prevent leakage at the bush.

1590. To prevent taint from galvanic influence, also, it is not uncommon to

apply bone or other animal substance for the bushes.

1591. The Box-Churn with Power.—Churns of this kind arc made of all sizes,

without any change in the principle of their construction. They are applied to

all kinds of power, and the capacity is proportioned to the extent of the dairy
;

but the entire capacity of the churn must be in general about double the

quantity in gallons of the fluid intended to be acted upon. In operating with

the box-churn, it may be filled to the height of the spindle, or, if that member
is well fitted, the milk may rise considerably above it, though in general prac-

tice it rises but little above. To adapt the churn to power, it is only neces-

sary to put a pulley for a strap, or a chain, upon the end of the spindle, in place

of the handle ; or the spindle may be attached to another shaft, having the

proper velocity, by means of a slip-coupling. The velocity of the agitator must
depend upon the size of the chum: one of 24 inches diameter may make 60

revolutions per minute on the average, but may be higher or lower in the diffe-

rent stages of the process.

1592. Anthony's American Washer-Churn.—In fig. 574 we give a perspec-

tive view of Anthony's Ameri- fi*.s74.

can washer-churn (agents, Messrs

Burgess and Key), with a part

of two sides removed to show
the arrangement of the inte-

rior. This churn has a high

reputation as a quick buttor-

rnakor. The dimensions of the

14 -lb. churn are—width 12^
inches, length 19 inches, ex-

treme depth in the centre 12^

inches
;
depth to the top of the

bevel at the sides 9 inches;

length of crank of handle 8

inches.

1593. The price of this size of the American washer-churn is £2, 15s.

1594. The Plunger-Churn.—In the fourth class of our subdivision there is

only to be considered the plunger-churn ; for in this class there is no variety,

except as to the dimensions. The means of working the plunger, and the

different media through which the power is applied, whether of man or of

animals, are of a character much more varied than in all the others put

together ; and all these varieties seem to have been suggested, with a view to

overcome the very unfavourable position in which a man applies his force

directly to the plunger-rod of this churn. Amongst these varieties of construc-

tion in the mechanical media through which power, of whatever kind, may be

applied, we find all possible varieties of the lever and its combinations, the

loaded pendulum, with combinations of tho lever of rack-gearing, crank and
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lever, and crank with connecting-rods ; but it would be profitless to enumerate

all the forms that have been devised for the improvement of this particular

kind, and much more so to attempt to describe them. We will, therefore, rest

satisfied with one that has long been in extensive use, and is equally well

adapted to the hand, or to power of any kind.

1595. The upright or plunge churning-vessel is always a piece of cooper-work,

varying in capacity, according to the extent of the dairy in which it is to be
Fig. «75. employed, from 10 to 130 gallons. It is illus-

trated in fig. 575. It is built slightly tapering
upward for the convenience of being tightly

hooped, having a strong bottom and a movable
cover, which may be fastened down with an iron
clasp-hoop ; a perforation is formed in the centre
of the cover for the passage of the churn-staff

or plunger-rod, and this is surrounded by a
wooden cup, to prevent the lashing over of the
fluid in the act of churning.

1596. The plunger or agitator, which is at-

tached to the bottom of the plunger-rod, is a
circular reticulated frame of wood ; the meshes
may be from \\ inch to 2 inches square, and the
bars forming the reticulation about £ inch thick
and l£ inch deep, the whole embraced by a
wooden hoop, whose diameter will just enter the
top of the churn. The structure of the plunger

_ is by no means important, the only essential

point being, that it shall not present too much
resistance to the passage of the fluid through

its interstices, nor too little, to give it a too easy passage, which might render

the agitation so slight as to be ineffectual : a good medium is to make the

horizontal area of all tho interstices 1.5 times the area of the solid parts, and
tliis rule will apply to the agitators of all churns. Such is the simple con-

struction of this churning-vessel, which is capable of adaptation to any kind of

power, and to any extent of dairy.

1597. Plunger-Churn with Hand-power Machine.—In figs. 576, 577, we illus-

trate a form extensively used in I>anarkshire and the neighbouring counties,

where thoy are usually worked by one horse. Fig. 576 is a side elevation of the

churn, and the mechanism required within the churn-room of the dairy. It is here

represented as being for hand-power ; but tho arrangements of the machine, so

far as hero exhibited, are the same whether for man or horse. Fig. 577 is a

back view of the same, and the same letters apply to the corresponding parts

in each figure.

1598. The floor-line of the churning-room is represented by the line a a,

and b c is an upright frame of cast-iron, which is bolted to the floor. The
frame consists of two cheeks, which are bolted together on the flanged

bars d d d ; it is 5 feet 9 inches high, and 16 inches wide. The reciprocating

cast-iron lever ef is supported by its fulcra on the top of the frame, by means
of a centre-shaft passing through the lever. The length from the fulcrum to

tho head /is 4 feet 2 inches, and from the same point backward to the extremity

is 2 feet 3 inches : a counterpoise is here placed upon the lever to bring it

nearly to an equilibrium. The connecting-rod g h is jointed upon a bolt that is

fitted to move along the oblique groove g i formed in the lover, and the crank k

JV.l. UJt. It-.- U'.'/.S.
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is formed on a shaft that turns in bearings in the upright frame ; its throw is

Fig. 676.

ttt

8 inches, less or more, proportioned to the height of the churning vessel, and
the foot h of the connecting-rod is fitted to

the crank-pin. I is a light sheers of malleable

iron, whose forked ends embrace the head of

the connecting-rod, which is also forked at the

head, and tho pin of the groove passes through

all three. The adjusting-screw wi, with its

winch-handle n, is supported in a swivel socket

in the bracket o ; while its screwed end ro

works in tho bend of the sheers Z, which is

screwed as a nut to receive it, for tho purpose

of shortening or lengthening the distance m
and so changing the position of the head of the

connecting-rod. The head / of the lever is

mounted with a pair of side-links p p, jointed £
on a cross-head in f ; the links are again

jointed on a wooden cross-head u, into which
the head of tho plunger-rod q is inserted, and
fixed by a pin or key ; these sido-links, jointed

as they are at top and bottom, produce a very

imperfect parallel motion, but sufficient to

answer the rise and fall of the plunger-rod.

The handle * is fixed on one end of the crank-

shaft, and on the other is placed the fly-wheel

/, to equalise the motion of tho lever, and
compensate the inequality of the resistance to

the plunger in its ascent and doscent. The
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churning-vessel r is 3 feet liigh, with an average diameter of 15 inches, and
capacity about 23 gallons.

1599. In extensive dairies, it is common to have two chnrning-vessels attached

to the machine, in which case the wooden cross-head u is elongated so as to

receive the head of the plunger-rods of both vessels, the vessels standing side

by side during the operation.

1600. When this machine is in operation, the revolutions of the crank pro-

duce a reciprocating action in the connecting-rod, which is communicated to the
lever, and thence to the plungers ; and it will be seen that, by moving the
head g of the connecting-rod in the oblique groove of the lever, the strokes or

reciprocations of the plunger will be long or short, as the joint g is moved
upward or downward in the groove g i. It is found from experience, that there

are advantages to the process derivable from this
;
hence, at the commencement

of the operation, the head of the rod g h is kept at the lower extremity of the
slit, producing the shortest stroke ; as the fluid becomes heated, and from the
consequent effervescence its bulk is increased, the stroke is gradually lengthened

by turning the handle n of the screw, and by thus shortening the distance g m,
the pin at g is brought to the head of the slit, producing a stroke of the greatest

length ; and when the effervescence ceases and the butter has begun to form,
this state is reversed, the stroke is gradually shortened, till the process is

finished with the shortest stroke.

1601. The application of power to this machine is easy and commodious. It

may be effected by a pulley placed on the crank-shaft instead of the handle *,

and so driving with a strap or chain ; or it may be driven by a spur-wheel

placed on the same point, calculated to the speed that may be afforded by the
power, whether horse, water, or steam.

1602. The usual rate of the plunger in these churns is about 50 to 55 douhle
strokes per minute, subject to the usual variation that is required in the different

stages of the process.

1603. The price of the hand-machine, as in fig. 576, is from £6 to £8 ; and
when completed with horse-wheel and gearing, it is from £15 to £18.

1604. Plunger-Churn with Horse-Power Machine.— Fig. 578 illustrates the
arrangement of the mechanism when horse-power is used.

1605. It gives a view in perspective of the horse-course and churning-room
in relation to one another, and wluch is the more clearly shown by removing a
portion of the wall that separates them. The power in this case is that of the
horse, which seems necessary to be adopted where no water is available for the pur-
pose, and where one or two churns only are to be driven; for a steam-engine, which
would only be employed in such a case as this every other clay for three or four

hours, and be restricted to give out only one-horse power, would be too expen-
sive an erection for so diminutive an application of power. Where a thrashing-

machine is usod, and chaff-cutters and a bruising-machine employed along with
the churn, a steam-engine would be an economical source of power. Taking
the horse-power in this instance as the best in the absence of water, a b is the
lever in the horso-course, to which the horse is yoked by the swing-tree at a

;

c is the pit containing the bevelled wheel, and the four arms of the frame which
support the upright axle to which the lever a b is attached. This wheel moves
horizontally, and acts upon a bevelled pinion fixed on the nearest end of the
lying shaft </, which, being represented in dotted lines, must be supposed to

work underground ; and its further end is attached to and moves a spur-wheel,

situated in the churning-room, close to the working gear of the chums. On the

bottom of a corresponding pit in the churning-room rise two parallel frames of
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cast-iron, connected together at the top, and kept asunder by a flanged iron-bar.

The reciprocating cast-iron lever/ is supported by its fulcra near the top of the

frame, by means of a centre shaft passing through the frames. A counterpoise

is placed at the short end of the lever/, to bring it nearly to an equilibrium.

F\g. S7K

JLUNOIU-OHOlUt WITH HCMI-I-OWBU W4. III-.*.

The connecting-rod g is jointed upon a bolt that is fitted to move along the

oblique groove h formed in the lever/ and the crank to which the lower end of

the connecting-rod g is jointed is formed on a shaft that turnB in bearings in the

upright frames, and which shaft, at the nearest end, bears a toothed pinion

which is moved by the spur-wheel on d, and at the other end carries a fly-wheel

kj to equalise the motion of the lever/ and compensate for the inequality of the

resistance to the plunger-rods in their ascent and descent. The light sheers I

embrace the connecting-rod within its forked end at rt, and at the other end is

connected with an adjusting-screw for the purpose of lengthening and shorten-

ing the distance I A, and so changing the position of the head of the connecting-

rod. The head/ of the lever is mounted with a pair of side-links, jointed at one

end to the cross-head at / and at the other with the wooden cross-head into

which the ends of the plunger-rods of the churns i are placed side by side. These
side-links, jointed as they are at top and bottom, produce an imperfect parallel

motion, but sufficient to answer the rise and fall of the plunger-rods.

1606. Oscillating Churn.—Besides the four established classes of churns now
described, there are a few other anomalous cases which have of late years been
brought forward by inventors ; and though they ultimately may be found to

possess merit, they cannot yet be received as of established character. The
machines to which we here allude may be named " oscillating churns." They
possess no distinct agitator, but produce their effects by a species of oscillation

produced in the fluid. Amongst these may be mentioned a vessel of an oblong
form, placed upon skids, curved in a manner that, when the vessel is touched with

even a gentle force, it will assume a motion resembling the well-known swing of

a child's cradle, which will theroby produce a constant succession of irregular
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oscillatory motions in the contained fluid, wliich will produce the effect of

churning. Mr Patereon of Beverley patented a churn on this rocking or

oscillating principle. It consists of a rectangular box, supported on two

levers, one at each end, these being jointed to the framing and under side of

the box. As the box is pushed and pulled to and fro by the hand, it oscillates

or vibrates from right to left, and its contents are alternately dashed in contrary

directions.

1607. Keevil's Cheese-making Apparatus.—We now describe and illustrate a

very important invention, namely, Keevil's cheese-making apparatus for cutting,

filtering, and pressing curd. If this apparatus fulfils the high character which

its success up to the present date would seem to justify, its introduction will be

a great boon to dairy farmers in facilitating what is now, and has long been,

most laborious processes. It is manufactured by Messrs Griffiths, of Bradford

Streot, Birmingham.

1608. The apparatus consists of a circular vessel of zinc, or, if preferred, of

brass, placed on a wooden platform t, fig. 579. The upper part of this

UBVtX.'S rliir»E-M»*IStl APPARATUS IS riRSPBOTrtm

platform is fitted to the bottom of the circular vessel, giving it a solid

bearing on the wood, and so enabling it to sustain the great pressure produced

by the action of the screw hereafter described. It also serves as a frame to

fasten down the beam b while the screw is in use, by means of the connect-

ing-rods at each side, one of which is shown at m. The platform is fixed on

iron rockers, so that the vessel may bo tilted forward to allow the whey to draw

more freely to the tap g ; when not required to be tilted, it is kept level by the

bolt k. Across the vessel, a boam b is fixed, the centre of which carries a

bearing for a vertical axis or spindle. On this spindle knives a a are hung, one

set of which is placed horizontally, the other vertically. A handle c e is used to

give motion to the knives.
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1609. At one side of the circular tub or vessel, a subsidiary receptacle of a

semicircular form, as shown at e, is provided ; this is of the same depth

and height as the main vessel, and communicates with it by means of a

filter- plate, d. This semicircular case is provided with a plug, furnished

with a handle e; a stop-cock g is also provided at tho foot of the vessel.

So long as the plug e remains in the semicircular vessel, tho whey from tho

main vessel is prevented passing through the filter-plate d to the stop-cock g :

on removing it, however, by means of the handle, the whey flows through the

filter-plate d into the semicircular vessel, from whence it may be withdrawn at

pleasure by tho stop-cock g.

1610. As soon as the curd is set, the handle c is turned slowly round, causing

the knives on the spindle to cut the curd very gently ; when the curd is cut suffi-

ciently small, the knives are removed and the curd allowed to settle. The face

of the filter-plate d is then carefully cleaned, by means of the skimming-dish,

from all adhering curd, the plug e removed from the outer case, and the tap g
opened. When the top whoy is removed, leaving the curd visible, a tub-cloth

is laid over its surface, tho edges being carefully placed between the curd

and the vessel. A pressing-plate, fig. 580, provided with a number of holes on

Fig. ML
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its surface, is then placed over the tub-cloth. The beam b, fig. 579, is then

made to carry a screw, shown separately in fig. 581, wliich is worked by the handle

c c, fig. 579, and the pressure transmitted equally

over the whole Burface of the plate through the

medium of the cross arms, fig. 582, the lower part

of which rests on tho plate in fig. 580.

1611. Figs. 579 to 582 are about ^th of the full

size. In fig. 583 is given the filter-plate d, and the

movable plug <?, on a larger scale.

1612. The price of this apparatus, to hold 90

gallons, is £25 ; to hold 126 gallons, £32.

1613. The Cheese-Press comes next in order of

business ; and of that machine the varieties are very

numerous, though they may all be resolved into two
kinds, namely, the stone-press and the "lover-

press," of which class the varieties are the most

numerous, from the simple lever to the more compli-

cated arrangement of rack, pinion, and levers.

1614. Stone Cheese-Press.— An example of this

kind is shown in fig. 584 : it consists of a strong

frame of wood, of which a is the sill, 2 feet long, 18
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inches broad, and 4 inches thick. Two uprights b b are mortised or dovetailed
into it ; these are each 6 inches broad by 2£ inches thick, 3 feet high, and are

connected by a cross-head c, mortised
upon the posts. A cubical block of

stone d e is squared to pass freely be-
tween the posts; an iron stem, 1 inch
diameter, is fixed into the upper surface

of the block, and furnished with a screw
at the upper end. It passes through the
top bar, and the lever-nut /is applied to

it for raising or lowering the block d e.

In eacli end of the block a vertical groove
is cut, corresponding to the middle of the
posts; and a baton of wood is nailed
upon the latter, in such form and posi-

tion as will admit the block to rise and
fall freely, while it is prevented falling to

either side. When put in operation, the

block is raised by means of the screw,
until the cheese-mould, with its contents,

can bo placed upon the sill a under the
block. This being done, the nut is

screwed backward till the block rests

lightly on the cover of the mould ; it is

let down by small additions, as the curd
consolidates, until it is thought safe to let

the entire weight press upon the mould,
which is done by withdrawing the nut /.

1615. Instead of the solid block of stone d e, which, when left to itself, will

always produce the same pressure, it is better to have one block d g into which
the suspending bolt is fixed, and the remainder of the mass made up of smaller
pieces, as shown in the figure, by which means the amount of free pressure can
be regulated to the particular size and state of tho cheese ; or blocks of cast-iron

are sometimes used in tho form last described, which are more commodious, and
less liable to be broken.

1616. Lever-Press.—The next class of this machine, the lover-press, to speak
in general terms, possesses tho sill of tho stone cheese-press in some shape or

other, but generally of wood, with two uprights as before ; but instead of a heavy
block of stone, a simple movable sill of plank is employed, having an iron or a
wooden stem attached to it, upon which simple or compound levers are niade to

act in producing the pressure. An improved form of thiB lever-press was brought
out by the Shotts Iron Company,* made entirely of iron, of a more commodious
and compact construction than had hitherto been attempted, and, with slight

alterations, is hero presented as the typo of the class.

1617. The Combined Lever Cheese-Press.—This cheese-press of iron is repre-

sented in the perspective view, fig. 585, and is constructed in the following

manner : a a are a pair of cast-iron feet, on winch the machine is supported
;
they

have a socket formed at the crown to receive the malleable-iron pillars b b. The
sill-plate c is 18 inches in diameter, cast with two perforated ears, through which
the feet of the pillars b b also pass, and secure tho sill to the feet,—the

Transactions of the Highland and Agricultural Society, vol x. p. 52.
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lines in the sill indicate channels for the escape of the expressed whey. The
movable sill d is of the same size as the one below, with corresponding ears

perforated and fitted to slide on the pil- riu. *«.

lars, and having the rack-bar / fixod in

its centre. A top frame e, 18 inches by

9 inches, and 3 inches deep, is seated

upon the top of the pillars, whero it is

fixed by two screw-nuts, and adapted

to carry the gearing of the machine.

1618. The action of the rack and its

sill is effected in the following manner :

The ratchet-wheel g is fixed upon an

axle that has its bearings in the top

frame ; on the same axle is fixed a

pinion of eight teeth, not seen in the

figure, which works in the wheel i of

twenty-four teeth, fixed upon an axle

which has its bearing also in the top

frame; and this axle carries also a

pinion of eight teeth, which acts upon

the rack, but is also hid from view in

the figure. The ratchet-wheel g stands

clear of the top frame about an inch,

and its axle is prolonged beyond the

wheel double that extent. The lever k

is forked at the extremity g, and the

terminations of the furcation are re-

ceived upon the axle of the wheel g,— the wheel being embraced by the

fork of the lever, but the lever moving
freely upon the axle. The furcation is

also lengthened towards it to an extent

that receives a pawl at h ; between and in the throat of the fork, the pawl is

jointed upon a pin that passes through both,—the edge of the pawl pointing

downwards to catch the ratchet, while it has a nob-handle standing upward,

by which it can be conveniently disengaged from its wheel. A small winch-

handle / is also fitted upon the axle of the ratchet-wheel, and a pin seen near h

is adapted to a perforation in the top frame, by the insertion of which the

descent of the lever is checked, when such is required, and this completes the

mechanism of the press.

1619. In pressing with this machine, the cheese-mould is placed upon the

lower sill c, and the lover being supported on the pin at A, the winch-handle I is

turned to the left, depressing the rack and its sill till the sill presses upon the

cover of the mould. The lever is now lifted by the hand, and the pawl allowed

to take into the ratchet ; while the lever, being loaded by the weight m, will cause

the ratchet to turn and produce the descent of the rack. If necessary, this is

repeated again and again, till a considerable pressure is produced ; and if it is

wished that a continued pressure is to go on, the lever is again raised consider-

ably above the horizontal line, and left to descend gradually, following the

consolidation of the cheese. If it is wished that tho load shall not follow

the shrinking of the cheese, the pin h is inserted, which, when tho lever

comes to rest upon it, checks further descent. The amount of pressure is
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also regulated by the disposal of the weight m in the different notches of the

lever.

1620. The usual selling price of this machine is £4, when constructed of

iron, as in the figure; but with wooden framework, and the rack and other

gearing of cast-iron, the price is £3, 5s.

1621. Cheese-Turner.—We now notice a useful article in the cheese department

of the dairy machinery—the tumbling cheese-rack, or cheese-turner. This

machine is the invention of Mr William Blurton of Fieldhall, Uttoxeter, and

its morits are believed to bo sufficient to warrant its adoption on dairy

farms. The object of the machine is to save much of the labour re-

quired in the daily turning of a largo number of cheeses in the drying-

room, and this it does very effectually, for with a rack containing fifty cheeses,

they are turned over in very little more time than would be required to turn a

single one.

1622. Fig. 586 is a view of the cheese-turner as constructed to stand alone,

Pig, m. and on its own feet, though tin's is not

the best mode of constructing the ma-

chine. It consists, first, of an external

frame abed, of which the two parts

a b and c d are 6£ feet high, and 7

inches by 2£ inches; they are here

represented each with a cross foot a

and d
y
and connected at top by a top-

rail b c. If constructed in a cheese-

room, the posts should be at once

fixed to the floor at bottom, and to the

joisting or tie-beams overhead, becom-

ing thus a fixture in so far as regards

the external frame. The second part

of the machine is a movable frame or

rack, formed by the two interior posts

e and f, winch are framed upon the

twelve shelves g h ; the posts are 6

feet high, and are again 7 by 2$

inches, the shelves being 7 feet long

and 14 inches broad, or more, according to the size of the cheeses manufactured,

by 1 inch thick. The shelves extend to 5^ feet in height over all, aud

are tenoned into and lipped over the posts, and each shelf is finished on

both sides with a knife-edged lath, nailed along the back edge ; these laths

are 2 inches broad, and \ inch thick at the back, thus increasing the thick-

ness of that edge of the shelves to 1^ inch. As the figure represents a rack

that will contain five cheeses on each shelf, a corresponding number of pairs

of vertical laths, k, are nailed upon the back edge of the shelves. These

laths are 1 \ inch broad and 1 inch thick, chamfered off to one side to the thick-

ness of | inch or thereby at the edges, against which the cheeses are laid, and

are checked upon the shelves, and securely nailed. The shelf-frame thus formed

is provided with two strong iron gudgeons or pivots fixed in the side-posts at

mid-height, and theso are received into corresponding holes in the outer or

bearing posts, so that the shelf-frame swings poised upon the two pivots ;
and

it is further provided with an iron latch at top and bottom on one end, by which

it may be tilted and secured with either the shelf g or h uppermost. The

catcheB of the two latches are both placed at top on the external post at one side,
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suited to the motion of the shelf-frame, and to prevent its being turned with the

back edge of the shelves upward.

1623. When cheeses are placed upon the shelves, it will be found that the

knife-edge laths keep them free of the body of the shelf, and thus permit air to

pass under them, while the pair of vertical laths keep the cheese in its proper

position on the shelf. The height between the shelves is such as to leave a free

space of 1 inch between the cheese and the Bhelf above it ; and whatever num-

ber of cheeses may be lying upon the shelves, the simple act of tilting the frame

will place every cheese which was resting on a shelf, on its opposite side, upon

that shelf which immediately before was above the cheese, but by the tilting is now

below it. It will be observed, that the vertical laths serve to prevent the cheeses

from falling out while the framo is tilting, and each cheese lias only to fall one

inch in that operation, or from the one shelf to the other, in a reversed position.

1624. It will be also observed, that the fixed external frame is best adapted

for an extensive cheese-room, where the racks may be placed in rows extending

the length of the room, leaving free passage between the rows. The width of

the passage requires to be equal to half the height of the shelf-frame, or 3 feet

;

a room, therefore, 20 feet wide would contain 4 rows of such racks ; and if the

length were equal to 10 diameters of the cheeses, or containing that number in

the length, the room would contain in all 440 cheeses in the best possible con-

dition for their being prepared for market, having free ventilation, and access

for the dairy-maids to handle and wipe any cheese at any time.

1625. Section Tenth.—Manual Implements connected with the above Sections,

as Scythes, Fork's, Barn Implements, Dairy Utensils.

1626. The Common Scythe.—Grass is cut with the common scythe, which is

so well known an implement that a particular

description of it seems unnecessary. A few

words, however, on the choice of scythes, and of

the manner of mounting them, may bo useful.

The handle, or sned or sneatJi, fig. 587, a b, is

made either curved to suit the sweep of the in-

strument by the hands round the body (as in the

figure), or straight. The curved sned is usually

made of willow, which, being shaped in hot

water, and constrained, on being released when
the wood becomes cold, retains the shape. Of
scythes there are various kinds : the common kind

keeps its edge but a short time, and in the long

ran is more expensive than the patent kind,

which consists of a steel plate riveted between
two small rods of iron, and which plate will con-

tinue to cut keenly until it is worn to the back-

bone The length of the blade of scythes varies

from 28 inches to 46 inches. There are besides

these other kinds, termed crown, labelled, and
extra-warranted scythes.

1627. The price of tho common kind varies "« »°"B» wirB ****

between these lengths from 2s. 4d. to 3s. 3d. each ; and the patent, from

3s. 2d. to 4s. 8d. each. Bent sneds cost from Is. 3d. to Is. 6(L each
;
straight

ones, Is. each. The straight are. made of any sort of wood ; we have seen good

ones of larch.
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Fig. m.

1628. The blade of a scythe is mounted in tliis manner : The sned is fur-

nished with an iron ring at the end, to wliich the blade is attached ; the pro-

jecting hook at the butt-end of the blade is imbedded flush into the sned by

taking away a portion of the wood, and the ring is then slipped over the im-

bedded hook, and is held tight in its position by an iron wedge as at a. The
particular position which the blade bears to the sned is determined by measur-

ing the length of the blade a c straight along the sned from a to d, where is

fastened the handle for the right hand, and the same length from d to c fixes

the point of the scythe, so that adc forms an equilateral triangle ; and of course

the blade subtends an angle of 60° with the sned. Theory would advise the

placing of tho plane of the blade parallel with the ground, when the scythe is

held as intended for cutting, but practice requires the cutting-edge to be a little

elevated above the ground, and above the back of the scythe which sweeps along

the surface of the ground ; and the reason for keeping the edge elevated is, that

it would not only be apt to run into the ground if swung parallel with it, but

the Bcythe would be worked with greater labour, as the stems of the plants to

be cut would present an obstacle directly at right angles against the blade,

whereas tho edge set upwards cuts the stems in a somewhat oblique direction.

The blade is still farther secured in its position by the grass-nail /, which is

hooked by one end into a hole in the blade, and is nailed through

an eye by the other to the sned ; and one great use of the grass-

nail, besides that of strengthening the position of tho blade,

is to prevent any plants cut from being entangled between the

blade and sned. The left-hand handle e is placed to suit the con-

venience of the workman.
1629. Scythe-Stones.—Scythe-stones, fig. 588, are 14 or 15

inches long, tapering in shape, and of sufficient thickness to fill

the grasp of the hand They are either of a round form, a, or

square, 6, and are composed of the same sort of sandstone as

grindstones are, and cost 4d. each. They are only occasionally

used in order to set a new edge on the blade.

1630. The scythe-stone is an essential appendage of the scythe,

with which it is kept in proper cutting order. A soft fine-

grained sandstone is the proper material from which it should be selected ; and

as for applying it, it were difficult in words to describe the proper mode of doing

bo, but the following may suffice to give some notion of the process. The scythe

is placed on the left side of tho mower, with the point of the blade resting on a

small stone on tho ground, the heel of the blade and helve being supported by

the left hand : the scythe-stone, which is about 14 inches long, is grasped by one

end in the right hand, and is thus applied, crossing the blade. The effect of the

sharping is produced by making sliding strokes with the stone along the blade on

each side alternately downward towards the point of the blade. The object of

this mode of treatment is based on the principle that the scythe cuts after the

manner of a saw : though the teeth are not very prominent, still the fine

serrature is there ; and to make it cut with the best effect, it must be hooked

towards the point of tho blade, or in tho direction of its motion when cutting

;

and the application of the stone, as above described, produces this direction

of the minute teeth in the cutting-edge. The strokes of the stone cannot

conveniently be carried over the whole length of the blade at one throw of the

hand, hence the sharping begins at the heel, and proceeds downwards ; but from

the position described, there still remains a few inches at the point untouched,

and to reach this part with the stone, the mower lifts up the blade by seizing
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Klif. 583.

it about the middle with the left hand, and, bringing it to a horizontal position,

the helve still resting partly on the ground and partly against his body, he is

enabled to complete the process of sharping. Throughout this operation it is to

be specially observed, that, in applying the stone, it must always be held flat upon
both sides of the blade : if this is not attended to, either the edge will not be

improved, or it will be rounded off; and the consequence of the

rounding will be, that the scythe will speedily be unfit for

cutting until it be re-ground.

1631. Set/the Strike or Strickle.— The strike or strickle, fig.

589, which is also used in the sharpening of the scythe, prin-

cipally for giving it a finer edge, though this is very frequently

a mistaken notion, is formed of a piece of hardwood, about 15

inches long, one end of wliich is shaped into a handle ; the body
of it is sometimes l£ inch square, but in most cases it is about 2

inches broad by J-inch thick. It is coated over with granulated

emery, imbedded in a cement such as glue ; and to produce the

best effects, the cmory should be of a medium degree of fineness.

The strickle being a light instrument, it is always attached to

the top of the helve of the scythe, as at a, upon a T-headed
nail, and upon a spike at b, and is therefore always at hand,

ready to be applied in the event of any accidental injury to the

edge of the scythe being sustained; while the stone, from its

greater weight, can only be resorted to at the place of starting

work, where it lies in readiness. The cost of a strickle is 6d.

1632. Straw-Fork.—The straw-fork is such as in fig. 590.

rather longer prongs, and is too sharp for a stable fi

fork, which is most handy for shaking up straw when
about 5 feet in length, and least dangerous of in-

juring the legs of the horses by puncture when blunt.

The united prongs terminate at their upper end in a

pointed spike or tine, as better seen in fJg. 591, and

which is driven into a ferruled ash shaft. This mode
of mounting a fork is much better than with socket

and nail, the nail being apt to become loose and
catch the straw.

1633. Lincolnshire Steel Straw-Fork.—Fig. 591 re-

presents the steel fork commonly used in Lincoln-

shire, without its shaft. This is a light handy im-

plement for working amongst hay and straw.

1634. Wooden Hay-Fork.—A simple form of hay-

fork, used on the Continent, is illustrated in fig.

592. A piece of wood a, of the length and diameter

required, is split up at the end to form the two forks c c, which are pointed.

This fork has

rig. m.
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ferrule b is passed over the end at c, and a wedge driven in at d to separate the

points. This is a very light implement for working among hay or Btraw.

1635. Hand Hay-Rake.—The hand hay-rake is an implement of great sim-

plicity ; but though almost elementary in its construction, it has been subjected
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to numerous variations, chiefly in one point, with a view to its improve-

ment. It consists of a head c cf, fig. 594, or g h, fig. 593, of from 24 to 27

inches in length, made of hardwood, l£ inch broad in the middle, tapering a

little to each end, and from 1 to lj inch thick. The head is armed with

iui Uihi. atimtu

twelve or thirteen wooden teeth a or e, made of oak or ash § inch in diameter,

and, when first made, about Z\ inches long. They ought to be formed with a

slight swelling in the middle, or rather towards one end, the shorter end being

adapted to fit into holes previously bored at 2 inches apart centres ; and when
the teeth are driven into their holes the swell on the tooth fills up the hole

tightly, giving the tooth much greater strength than if it were quite cylindricaL

The teeth are then properly secured by wedging, and the wedges and ends

dreBsod of ; the points of the teeth are likewise dressed off to a uniform length,

2^ inches or thereby, and sharpened off from the back. The shaft or helve,

which is 5£ feet long, is usually made of ash; but as lightness is an object, its

thickness ought not to exceed l\ inch, dressed neatly smooth and round except

where it enters tho head : here, and for a length of 12 inches, it is usually kept

square. This part of it is either let into the middle of the head by a tenon, as

in fig. 594, or it is split as in fig. 593, and enters it by two tenons. It is in this

point of the construction that the variations have occurred. In par. 13, fig. 7,

we have gone into the consideration of the faulty and correct methods of attach-

ing tho handle to the head of the rake, to which we now refer the reader.

1636. Tubular Iron Hand-Rake.—In fig. 595 we illustrate a form of hand-

rake manufactured by Mr War-

y
Flg

"^ ner Sharman, Melton - Mowbray.
^ In this, great strength is ob-

tained, with considerable light-

ness, by the employment of tubu-

lar iron. The sides, cross-bar, and
handle, are so fitted as to take

to pieces at pleasure, a a is the

cross-bar, to wliich the tines b b

are fixed ; c c the side-bars,

strengthened by the stay <f, and
passing tlirough eyes of the cross-

piece tf, to which the handle / is

attached. The dimensions are as follow :—The cross-bar a a 5 feet long,

of one-inch tubular iron ; the extreme length over all, from bar a a to point of

handle^ 5 feet. The length of the stay d is I foot 10^ inches ; the cross-bar e

9 inches. Tho extreme length of tooth, from centre of bar a a to the point,

is 12 inches ; the number of teeth, twenty-four.

1637. The Sickle.—Tho sickle is a very simple, but at the same time, so far

BUi.KXtM'8 HJHI Lkli-lllON niKJ-UO
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as it goes, a very efficient instrument for reaping corn. It is employed in

various states, not differing much in the general form, though exhibiting marked
differences in the detail ; but theso varieties are confined under two very dis-

tinct forms, the toothed and the smooth-edged sickles.

1638. The Toothed Sickle.—Fig. 596 represents the toothed sickle, an instru-

ment so well known that it requires little description rig. «*.

here. Tho blade, in the common toothed sickle, is prin-

cipally made of iron, but with an edging of steel ; the

teeth are formed by striking with a chisel and hammer,
in the manner of file-cutting, the cutting being only on

the lower side ; but when the blade has been bent to the

proper form, tempered, and ground on the smooth Bide,

the serratures aro brought prominently out on the edge
of the blade ; and as the striking of the teeth is per-

formed in a position oblique to the edge of the blade, at

an angle of about 70°, the serratures on the edge acquire

what is called a hook towards the helve, thus causing

the instrument to cut keenly in that direction, when
drawn through the standing corn. When the blade has been thus finished, a

wooden helve of the simplest form is fitted upon the pointed tine formed at its

root for that purpose.

1639. Sorby's Cast-Steel Toothed Sickle.—The toothed sickle is made with

various degrees of curvature and of weight, but chiefly as represented in the

figure, and it has been the subject of several patents, chiefly depending on the

formation of the blade. One of these is only of a few years' standing. Messrs

Sorby and Son, of Sheffield, are the patentees ; and the principle upon which
their patent is based, is a blade of rolled cast-steel swedged into a form that

gives a sufficient degree of stiffness to the blade, without the increase of weight
that accompanies the thick-backed or the other patent ribbed-back sickles. In

the new patent, the advantage of a small quantity of the very best material

—

cast-steel—is combined with extreme lightness and a due degree of strength

and stiffness, the stiffness arising from the swedgod or moulded back.

1640. The Smooth-edged Sickle.—The smooth-edged sickle, or scythe-hook, as it

is sometimes called, differs from the toothed sickle in being broader in the blade,

and longer withal, but in curvature it resembles it ; and its chief difference lies

in being ground on both sides, to form a fine and thin sharp edge.

1641. Like tho toothed sickle, the blade has undergone various improvements;

and Mr Sorby's cast-steel swedged-blado is also extended rig. w.

to the smooth-edged sickle.

1642. The Principle of the Curvature of the Sickle.—

In the formation of the sickle, the curvature of the

blade is a point of more importance man to a careless

observer may appear ; and though tho ordinary reaper

is seldom qualified to judge in this matter, he may feel

pleased to be informed, that there is a certain curvature

that will give to the muscles of his right arm the least

possible cause for exertion, while there are other curves

that, if given to the blade of the sickle, would cause

him to expend a great amount of unnecessary exertion

in tho arm, and a consequent unnecessary fatigue

would follow. Fig. 597, wliich represents the smooth-

edged sickle, has a curvature approaching very near to that which, in this

2 H
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instrument, may be termed the curve of least exertion ; and throughout that

portion of the sickle that performs the cutting process, it possesses this pecu-

liar property, from the following ciroumstance that, lines diverging from the

centre of the handle of the sickle at a, and intersecting the curve of the cutting-

edge, all the diverging lines will form equal angles with the tangents to the

curve at the points of intersection. This property gives to the cutting-edge

a uniform tendency to cut at every point in its length, without any other

exertion than a direct pull upon the helve. Were the curvature less at any

point, a pressure of the hand would be required to keep the edge to the work;

and were the curvature greater at any point, or on the whole, the exertion to

make the cut would be greater, as it would then become more direct, instead

of the oblique drawing or sawing cut, which, in all cases, is the most effective,

and productive of least resistance.

1643. Dinging-in or Bagging.—A mode of using the smooth-edged sickle has

of late years come into some repute, known in Scotland by the provincial term

dinging-in (striking-in), and in England bagging. In this process the sickle is

not drawn tlirough the straw, but is struck against it, somewhat in the manner
of using a scythe

;
indeed, the practice originated in the attempt that was made

some years ago to introduce the Hainault scythe in the harvest operations of

this country, but without success. In the dinging-in practice, the left hand is

employed, with its back towards the right, in slightly bending down the grain,

and holding it to the blow of the sickle. A man practised in this mode of

working will do one-half more work than is usually done in the common way

;

but the stubble is left less regular, and, except by very expert hands, there

is a want of tidiness in the process. It is obvious that this is the same mode of

cutting corn as bagging.

1644. The Common Reaping-Scythe.—The scythe is also extensively used as a

reaping instrument, but more especially in England,

and in some of the northern counties of Scotland,

chiefly for the barley and oat crops, though in some

localities also for wheat. The common hay-scythe

is used for tins purpose, in most cases, with the

addition only of a very light rail or cradle, some-

times attached to the handle, and in other cases to

the heel of the blade, as at a in the annexed cut, fig.

598, whioh is the common scythe fitted for reap-

ing. In the scythe mounted in this manner, the

use of the rail or cradle will be obvious, being the

collecting of the swath into a compact body, and

depositing the same in as regular a manner as pos-

sible, preparatory to the binding of it into a sheaf.

1645. The Cradle-Scythe.— For a considerable

period, a scythe, mounted in a different form, has
" been in use for the purpose of reaping, and it is be-

lieved that its introduction can be traced to Banffshire or Aberdeenshire, where

the scythe is extensively used for reaping. Some years ago this form of scythe

came more prominently before the public,* and for a time gained considerable

repute, under the name of the Cradle-scythe. Of this form of mounting a reaping-

scythe there are many varieties ; but they all agree in one point, that of having

two short helves, the one branching out of the other, instead of the common
long helve or sned. Fig. 599 is a view of the cradle-scythe in one of its most

* Quarterly Journal of Agriculture, vol. v. p. IOC.
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approved forms, "wherein a is the scythe-blade, b the principal helve, to which

the blade is attached in the usual way (par. 1628), the hook of the tine being

sunk into the wood, and an iron ferrule brought down over the tine, binding it

firmly to the wood; but the blade is

farther supported by the addition of the

light stay c, termed by mowers the grass-

nail. The minor helve d is tenoned into

the principal one, and the two handles

e/are adjusted by wedges in the usual

way to the height and mode of working

of the mower. The cradle, or rake, con-

sists of a little wooden standard 47, about

8 inches high, jointed to the heel of the

blade, so as to fold a little up or down
across the blade; into this is inserted

three or four slender teeth, following the

direction of the blade, and may be from

6 to 15 inches long : the head of the

standard is supported by a slender rod

of iron, which stretches about 18 inches up the minor handle d\ where it is

secured by a small screw-nut, capable of being shifted up or down to alter the

position of the standard and its teeth to suit the lay of the corn.

1646. The standard or rake-head was at one time recommended to be made in

the segment of a circle,* for which there seems no good reason, either practical

or philosophical ; but the idea was seized upon, and the cradle-scythe mounted
in that form was widely distributed ; but instead of this supposed improvement
tending to increase the favourable opinion of scythe-reaping, the practice seems
rather on the decline ;

anpl there is good reason to believe that this malforma-

tion of the rake may have had no small share in producing a distaste for scythe-

reaping as a practice
;
whereas, under proper management, and a judicious

choice of implements, there can be no donbt of considerable advantages being

attainable from scythe-reaping, as compared with the sickle.

1647. It is believed by very competent judges, that the figure here given of

the oradle-scythe possesses all the advantages that are derivable from using this

instrument
;
and, in addition to the details already given, we may add that the

length of the blade a, fig. 599, is from 3 feet 4 inches to 3 feet 6 inches ; the left,

or principal helve b is about 4 feet, the other d 3 feet, measuring direct from

the heel in both cases ; the distance between the helves, where the handles aro

applied, from e to f is 24 inches ; and in setting the blade the following rule is

to be observed : When the framed helves are laid flat on a level surface, the point

of the blade should bo from 18 to 20 inches above that surface, and measuring

from a point on the left helve 6, 3 feet distant from the heel of the blade, in a

straight line, as at 0, the extremity of the blade should be also 3 feet distant

from the point b.

1648. Iron has, in many cases, been substituted for wood in the construction

of the helves, but it does not by any means appear to be so well adapted to

the purpose as the wooden helves. When constructed of iron, if they are made
sufficiently light, there is too much elasticity in the fabric, which is fatiguing to

the workman, by reason of the tremor produced at every stroke of the scythe.

1649. Sheaf-Gauge.—When com is cut by the piece in sheaves and stooks or

shocks, it is necessary that each sheaf shall have a definite dimension, and, to

* Quarterly Journal of Agriculture, rot vL p. SO.
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ascertain that, a gauge is requisite. The sheaf should be 3 feet in circum-

rig aoa
ference at tno fastened band, or 1 foot diameter. The shoaf-gauge is

^^ made of the height of 3 feet, to bo used in the hand of the superin-

tendent as a staff. The top is formed of a short cross-head of

wood, the shank of rod-iron, the lower part of which, being the

gauge, is branched bo as the two limbs shall be 1 foot asunder
\
abed,

fig. 600, the gauge, will thus form a square of 1 foot, which the sheaf

at the band shall just fill up, when of the proper size.

1650. The Hand Stubble-Rake.—The gleaning of the stubble is an

n object of considerable value, and to secure it for the farmer different

implements are employed. The principal and most effective of them
is the horse-rake, two varieties of which were illustrated in Section

Second, Division Second of the Second Book, but in the absence of

b\ that machine the hand stubble-rake, fig. 601, is found a very effective

implement. The head a b is 5 feet long, of good tough ash, 2£ by 2

inches ; the helve c d may be 6 feet long, of the same material as the

head. It should be furnished with a handle e that can be fixed in any

desired position by driving in a wedge between the helve c d and the ring or

ferrule at the termination of the handle. The helve is tenoned into the head,

and supported by the brace / eg. The teeth are of iron, 7 inches in length,

and set 4 inches apart, but formed in

the lower part so that the bend lies on
Fig.»i ^ the ground, which arrangement prevents

the points from penetrating the ground

and dragging it up and mixing it with

the gleanings. The best method of

fixing the teeth is by a screw-nut, as in

the horse-rake,, as they are thereby easily

removed in the case of being broken,

without risk of injuring the head. It is

also advisable to have the ends of the

head hooped, to prevent the iron teeth

splitting it.

1651. In fig. 595 we have illustrated a

form of hand-rake which may be used on
UAKD

stubble, constructed of tubular iron.

1652. The Stathel for Stacks.—The principal furniture of the stackyard is

the "stathel," or "rick-stand." Its immediate use is to keep the stacks off

the ground from damp, and to prevent the harbouring of vermin. Stathels

are made of stone supports and a wooden frame ; of iron supports and a wooden

frame ; or of iron altogether. The frame is of the form of an octagon, and under

its centre and each angle is placed a support. The framework consists of a

plank a a, fig. 602, 15 feet in length, and of others 7A feet in length, 9 inches

in depth, and 2^ inches in thickness, if made of Scots fir; but loss will suffice

with larch for stacks of 15 feet diameter. The diameter may be more or

less, as the size of the Btacks are larger or smaller than 15 feet. The supports

consist of a stone J, sunk to the level of the ground, to form a solid foundation

for the upright support c, 18 inches in height, and 8 inches square, to stand

upon ; and on the top of this is placed a flat rounded stone or bonnet <f, of at

least 2 inches in thickness. The upright stone is bedded in lime, both with

the found-stone and bonnet. All the tops of these stone supports must bo on

the same level. Upon these are placed on edge the scantlings a a, to the outer

end of which are fastened with strong nails the bearers e e
1
also 9 inches in
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depth and 2 inches in thickness. The spaces between the scantlings a are

filled up with fillets of wood //nailed upon them.

* WOOO«N ir»lUU ICS STAC KB

.

1653. II the wood of the framework were previously preserved by Kyan's or
Burnett's process, it would last perhaps twenty years,

oven if made of any kind of home timber, such as

larch or Scots fir.

1654. It has been recommended to divide the

frame of the stathels into two parts, so that they

might be put under cover when not in use in the

stackyard. Were the stathels made removable, they

would be more convenient in two pieces than in one :

but the propriety of removing them is questionable,

when it is accompanied with the necessity of remov-

ing the supports also ; for it is clear that the sup-

ports could not be left standing in the stackyard with

the slightest chance of remaining in that position for

any length of time.

1655. Iron Rick-stand Pillar.—In fig. 603 wo give

a cast-iron rick-stand pillar, manufactured by Messrs

Hill and Smith, Brierly Hall, Staffordshire. These
are prepared to receive a framework of wood, the

pillars being supplied in sets, the purchaser finding

the wooden frame. A set of nine pillars and caps for a
staii' 1 of 12 feet diameter costs £1, lis. 6d. ; a set of

twelve, for a stand of 22 feet, £3, 16s.

1656. Iron Rick-Stand.— The same firm manu-
factures a circular rick-stand, complete as shown in

fig. 604; the price of one 12 feet in diameter, on
eight pillars, being £4 ; one 22 feet in diameter, on

twenty-three pillars, £12, 10s. Oblong stack-stands

are principally used for hay and barley : for a stand

of 12 feet long by 10 feet wide, on nine pillars, the

Klg.OML
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price if £4, 7s. 6d. ; for one 42 feet by 20 feet, on forty pillars, £23, 17b. 6d.

The peculiar construction of these rick-stands is simply to put them together

Fig. 604.

without the use of screw-bolts or pins. They are vermin-proof, no rat or

being able to pass the dome-cap of the pillars, even should it manage—a by

no means likely thing—to climb up the iron stalk.

1657. Iron Clips for Rick-Stands.—In®

clips are useful in erecting rick-stands

with iron pillars and wooden framing.

A form of this we illustrate in fig. 605

:

a is the dome of the rick-pillar, b the

central pin, c a section of the iron clip

which rests on the top of the dome ; the

plan of the clip is shown at <?, fig. 606,

the angles being such that, when eight

pillars are used, the frame shall bo octagonal. The timber forming the frame is

placed in the arms e d\ fig. 606, of the clip, and are kept securely

thereon by the sides, g and h show part of the side or boundary

timbers of the frame
; / part of one of the central timbers, which

stretch from angle to angle of the octagonal frame.

1658. Rick-stands made of cast-iron, though neat and efficient

and durable, must be expensive, and liable to be broken by acci-

dental concussion from carts. Malleable iron stathels would re-

move the objection of liability to fracture, but not that of expense.

1659. Stack-Trimmer.—As each cart is unloaded, the stacker

descends to the ground by means of a ladder, and trims the stack,

by pushing in with a fork the end of any sheaf that projects farther

than the rest, and by pulling out any that may have been placed

too far in. As the stack rises in height with cart-load after cart-

load, the trimming cannot be conveniently done with a fork ;
a

half-inch-thick flat board, about 20 inches in length and 10 inches

broad, nailed firmly to a long shaft, fig. 607, is an appropriate instru-
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Fig. 6U&

ment for beating in the projecting ends of the sheaves, and giving the body of

the stack a uniform roundness or flatness as the case may be.

1660. Stack-Bosses.—As a safeguard against heating, a structure of wood is

erected, around and upon which the stack is built. These structures are in

Scotland named bosses, which signifies hollows ; and the object of using them is

to occupy the space which would otherwise be filled with the collected heads
of the sheaves of corn, with a void into which air shall be conducted from the

exterior of the stack. When stacks are built on bosses erected on stathels, figs.

602 and 604, the air finds ingress into them through the framework of the stathel

;

but when built upon the ground, a conduit, in the form of a tressle, is formed

of woodwork, by which the air is led

into the interior of the stack. When
such tressles are placed at both sides

of a boss, a ventilation is maintained

through the body of the stack,

1661. The Pyramidal Stack-Boss.—
The most common form of boss is a
three - sided pyramid, formed of three

small trees, weedings of a plantation, of

larch or Scots fir, tied together at the

smaller ends, and the thicker ends placed

at equal distances upon the stathel or

the ground. Fig. 608 represents one of

these common bosses, where the three

trees are tied together at the top at a,

standing about 8 feet in height, and 3
feet asunder from each other ; and b b

are fillets of wood nailed on the trees,

for the purpose both of retaining them
in the pyramidal form, and of preventing

the sheaves falling into the interior of the boss. A tressle c, about 2 feet high,

is placed on one side to conduct the air into the boss. The inconvenience
of this form of boss is, that, as the stack subsides, the sharp
apex a penetrates through the sheaves lying above it, and
in thus disturbing their arrangement, has the chance
of disfiguring the form of the upper part of the stack.

1662. The Prismatic Stack-Boss.—Fig. 609 represents a
form of boss which we prefer to the pyramidal. It consists

of three stems of trees—of weedings—7 feet long, held
together in the form of a prism, whose side is 3 feet in

width, by fillets of wood of that length being nailed to them.
The prism is set on end, and on a stathel only requires to

be nailed to it at the bottom ; but as a farther means of
stability, a spur from each tree should be nailed to the
stathel within the prism. On the ground it requires two
tressles as well as the pyramidal boss, to complete the
ventilation of the air within the stack. The prismatic

boss has the advantage over the pyramidal of supporting
the top of the stack evenly, when it subsides upon the

upper end of the prism, thereby relieving the body of the stack of the weight
of its top.

1663. Stack Boss ofStraw.—Other means than a boss are employed to form a

* ITIUlllDlL OOII* AMD Tll«»»L*
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hollow in the heart of a stack, by setting the upright sheaves, which form the

foundation of the stack, around a long cylindrical bundle of straw, firmly wound

with straw rope ; and as the stack rises in height, the bundle is drawn up through

its centre to the top, where it is removed, leaving a hole through the height of

the stack. Tliis hole creates a current of air through the stack, allowing the

heated air to escape, while the cool air enters from below by means of a tresale

or stathel.

1664. Common Throw-Crook.—The throw-crook, fig. 610, is an instrument that

has been long in use for the purpose of spinning or twisting straw-

ropes, and is one of those primitive inventions that required only

the cutting of the first crooked sapling that might come to hand

;

for though our figure represents an artificially-formed implement,

any piece of bent material will answer equally well, all that is

required being such a form as will give it the character of what we

now denominate a crank, and to havo a swivel-joint at the end, to

allow it to turn freely, and independent of that appendage by which

it is attached to the body, or to the left hand of the person who

turns it. The implement represented in fig. 610 is made of a piece

of tough ash, about 3£ feet long ; the bent part is thinned off until

it is capable of being bent to the curve, and is there retained by

the iron stay a, the part b being left projecting beyond the stay,

for the attachment of tlio first end of the rope that is to be made.

The end c is furnished with ferrule and swivel-ring, by which it is

attached to the person, by a cord passed round the waist, or it is

held in the left hand. In using the implement, the rope-maker is

stationary, usually sitting beside the straw, and the spinner moves

backward as the rope extends.

1665. Fig. 611 represents another form of throw-crook, where the hollow

cylinder of wood b is held in the left hand of the

twister, and on moving round the liandle d with the right

hand, the iron shank a is made to revolve and twist the

straw attached to its hooked end into a rope.

1666. Fig. 612 gives still another form of throw-crook,

where the iron ring c is held in the left hand of the

twister, and the hollow cylinder of wood b grasped by

the right hand, and made to revolve round the line d e by

means of the swivel-joint at c?, and to cause the revolution

also of the iron shank a, with its hook to which the straw

is attached, which is to be twisted into a rope.

1667. Straw-Rope Spinner.—The straw-rope spinner,

fig. 613, is a machine of recent introduction to the ope-

rations of the harvest season, and is of considerable im-

portance in facilitating the process of straw-rope-making. Comparing it

with the old instrument, the throw-crook, fig. 610, the advantage is con-

siderable ; for with that two people must be occupied in the making of one rope,

whereas with the spinner four people only are required to make three ropes,

being a saving of one-third of the time occupied by the old practice. The

spinner has been constructed in various forms, though exhibiting but two dis-

tinct varieties of the machine, the first distinguished by the spinner being

stationary, and the ropemaker moving away from him ; the second, by the rope-

maker being stationary, and the spinner moving away from him. The spinner

being stationary is found to be the best in practice, and we have therefore chosen

Fig. 612.
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an example of it for illustration. Fig. 613 is a view of the machine, consisting

of a sole-frame, a a, measuring about 2 feet each way, with an upright post b

tenoned into the sole, and carrying

the cross-head c d. The cross-head is

a hollow box or case, adapted to con-

tain the machinery of the spinner, con-

sisting of 5 light spur-wheels, about 6

inches diameter, placed as seen in the

case c d. Of these, the central and the

two extreme wheels are mounted upon

axles, which terminate in the hooks

e e e, the other two wheels being

merely placed intermediate, to produce

revolution in the three principals in

one direction. A winch-handle / isj'

fixed upon the axle of the central wheel,

on the side opposite to the hooks ; and — J|

to prevent the machine from moving jjjH

with the strain of the ropes, a few •

stones, or other weighty substances,

are laid upon the sole-frame a a. The
machine is then put in operation by the driver turning the handle /, and tho

three ropemakers, each with a quantity of straw under his arm, commences his

rope by binding a few straws round the hook appropriated to himself. He
then proceeds backward, letting out the straw as he advances, and the rope

takes the twist, until the length required is completed, when each man coils up

liis rope into an oval ball.

1668. Some machines of this form are mounted on wheels, thereby coming

under tho character of. the second kind (par. 1667), where the ropemaker is

stationary ; but great inconvenience must attend any attempt at working in

this manner.

1669. Another form of the machine adapted to work as one of the second

kind (par. 1667), is that which is strapped to the body of the spinner, he

moving away from the stationary ropemakers. This method also is attended

with inconvenience, especially to the spinner, who, having the machine strapped

in front of his body, the handle being at the end, and the machinery consisting

of bevel-gear, the handle is brought so near to his body fi?. bh.

that much of the muscular force of the arm is lost by

this misapplication.

1670. By using a well-constructed machine for straw-

rope spinning, not only is there a saving of expense

effected, but the ropes are much better twisted, and,

of course, stronger than those made by the old imple-

ment
1671. The price of a straw-rope spinner is from

£2, 5s. to £2, 10s.

1672. Fig. 614 represents a rope of straw coiled up

for use. The spinner, after ho has let out as much

straw as makes the length of rope required for the -

size of stack upon which it is to be used, winds it

up upon his left hand and arm into a coil of the

form and mode represented in the figure, and which is so firmly put together
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that a man can throw such a coil to the top of the highest stack in the stack-

yard to the man who is thatching the stack.

1673. Ladders.—Ladders are best formed

of tapering Norway pine spars sawn up the

middle. A useful form of ladder for farm pur-

poses is shown in fig. 615, where the rounded

parts of the divided spar a a are placed out-

most, and are connected together by steps 6,

of clean ash driven through auger-holes, and

firmly wedged into the spars. The steps are

9 inches apart, and are 16 inches long at the

bottom, and 13 inches at the top, between the

spars of a ladder of 15 feet in length, which
is the most useful size for the use of a stack-

yard. To prevent the ladder from falling to

pieces, in consequence of the shrinking and
loosening of the round steps, a small rod of

iron is placed under the upper, middle, and

lower steps, where its ends are passed

through the spars, keeping them asunder
by means of its shoulders, and holding them
firmly together with nut and screw at each

of its ends. When well finished and painted,

such a ladder will last many years. Longer
ladders are used for reaching the tops of

stacks.

1674. Coil of Cart-Rope.—Fig. 616 repre-

sents the mode in which the rope of a har-

vest cart is coiled up after the load of corn

has been brought into the stackyard from

the harvest field. Two of such ropes are

suspended at the hind end of each cart.

1675. The Flail.—The flail consists of two
parts, the hand-staff or helve a ft, and the

supple or beater b c, fig. 617. The hand-staff

is a light rod of ash about 5 feet in length,

Blightly increased in breadth at the lower

extremity, where it is perforated for the

passage of the thongs tliat bind the beater

to it The beater is a rod of from 30 to 36

inches in length, frequently also made of

ash, though a more compact wood, such as

thorn, is better adapted for it. If not

properly applied, the ash beater will very

soon separate into tlrin plates, which are

portions of the concentrio layers of the

wood, and their separation arises from the

beater falling upon the flat or convex side

of these annular layers—or the reed of the

wood, as vulgarly called. To prevent this

disintegration of the wood, the beater

should be constructed to fall upon the edge of the segmental portions of the reed,

mi Win*.
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Fig. C17.

which is easily accomplished in its formation. The usual form of the beater

is cylindrical, but frequently thickened

a little towards the extreme end, the

diameter being from lj to 1^ inch.

For the most part, it is attached to

the hand-staff by a strap of leather,

or more frequently of hide untanned.
When mounted in this manner, the

beater is formed with two projecting

ears, standing at right angles to the

side on which it is intended to fall, and

about 1^ inch from the end by which

it is attached, serving the purpose of

retaining the end of the beater within

the strap. The strap is about 8 inches

long and l£ inch broad ; it is bent over

the end of the beater, and the tails

brought to embrace the sides of it

beyond the ears. The strap being pre-

viously perforated with four holes in

each tail, it is bound by a thong of

leather laced through the holes and
round the neck of the beater ; the

upper turn of the lacing-thong catch-

ing the ears, prevents the strap from

slipping off. The strap, thus applied,

forms a loop standing about 1 inch

beyond the end of the beater; and
through that, and the perforation in

the end of the hand-staff, another and
stronger thong, sometimes made of eel

skin, is passed several turns and secured, forming thus a kind of loose swing-

joint that allows free action to the beater in its gyra-

tion round the head of the thrasher, and its descents

upon the thrashing-floor.

1676. Another mode of mounting the beater is by
applying a strap of iron in place of leather, which is

fixed to the wood by riveting, leaving a loop as

before, which must be nicely rounded and -smooth,

to prevent the too rapid chafing of the thong by which
it is bound to the hand-staff, in the same manner as

described above. Fig. 617 given here exhibits the

iron strap above b.

1677. For an explanation of the action, and of the

proper form of the beater of the flail, see par. 8, fig. 2.

1678. The Hand-Hummeller.—In the Bmaller class

of farms, hand-hummellers are pretty generally used,

and are of various forms, but all retaining one prin-

ciple of construction and of effect. They are round,

square, and oblong ; but in all three forms they con-

sist of a number of parallel bars of iron, placed in a

frame of one of the forms above named. Fig. 618 th« uuu uoiiHiiuiu
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Fig. 619.

int. cuni Biaao*

is a square hummeller in perspective. It consists of a square frame of iron, 12

inches each way, 2 inches in depth, and £ inch thick. Bars of similar dimen-
sions are riveted into the sides of the frame, and crossing each other, forming

compartments of from 1^ inch to 2 inches square. A branched iron stem is

riveted to the frame below and at top, and forms a socket into which a wooden
helve is fixed, having a cross-head by which it is held in the hand.

1679. Such hummellers are frequently made with parallel bars only, in which
case they are less expensive, but much less effective.

1680. Corn-Barrow. In fig. 619 is shown the corn-barrow, a very convenient

means of conveying the sheaves

from the stack to the barn to

be thrashed, the construction of

which is so obvious that a spe-

cified description seems unne-

cessary, farther than that it is

about 6 feet in length, and
stands "J 1 feet in height to the

top of the slanting bracket.

The sheaves are laid across the

barrow in rows, with the corn

and butt-ends alternately, and

they are kept from sliding off in the act of being wheeled, by the slanting

bracket which is supported by iron stays. In this way, from ten to fifteen

sheaves, according to their bulk, may be wheeled away at once by a woman.
The legs of the barrow are also strengthened with iron stays.

1681. Riddles.—The most complete implements for separating heavy articles

from corn of any kind are riddles. They are formed either entirely of wood, or

partly of wood and wire. Wooden riddles have long been in use, though, we be-

lieve, in the hands ofa skilful riddle r, the wire riddle makes the best work. The
wooden are made of fir or willow, but American elm is the best. The wire riddles

have hitherto been made of iron wire, on account, perhaps, of its cheapness ; but

wo should suppose that copper wire would make a better and more durable riddle.

A riddle, whether of wood or wire, consists of a bottom of open meshwork, and

of a cylindrical rim of wood, the diameter of which is usually 23 or 24 inches,

and its depth 3 inches. Rims are made either of fir, or oak, or beech, beech

being most used. In fir rims, the wooden withes of the bottom are passed

through slits, thereby endangering the splitting of the rim itself all round, which
FU.ew. not unfrequently happens; but in the oak rim the

withes are passed through bored holes, which never

cause splitting. There is little danger of wire split-

ting the rims of any sort of wood.

. 1682. The following figures of riddles are por-

tions only of the bottom of each kind, but the meshes
are at full sizes, according to the grain to be riddled.

1683. Wheat Riddle of Wood, fig. 620.—The
meshes of this riddle are a quarter of an inch

Bquare; the breadth of the wood splits three-six-

teenths of an inch, and its price is 3s. 6d. with an

oak rim.

1684. Wooden Barley-Riddle, fig. 621.—This riddle has a mesh of five-six-

teenths of an inch square, the breadth of the withes being a quarter of an inch.

The price is 3s. with an oak rim.

1685. Wooden Riddlefor Oats, fig. 622, with three-eighths of an inch square

TUI WOOI.'M W HKAT JUUt l *.
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of mesh, and the breadth of the withes a quarter of an inch. The price is 2s. 4d.

with an oak rim.

Pill ~Wf~
thb wcoaix nAni.zT nnjvvm. THE WOOIUM OiT KICDLI.

1686. Wooden Riddle for Beans, fig. 623, having five-sixteenths of an inch
square in the mesh, with withes of three-sixteenths of an inch in width. The
price is 3s. 6d. with an oak rim.

1 687. Wooden Riddlefor Roughs.—For riddling the roughs of wheat and oats—

k. ...fiwUililkSkaicI

L JsuU

~7

TRt RIDDt-B TOR TUB HOCQHS OF WHEAT AMD OATS

the roughs of barley not being riddled—a wooden riddle, fig. 624, has meshes

of one inch square, and the

breadth of the withes three-

eighths of an inch. The price

is 2s. with an oak rim.

1688. Iron -wire Riddle for

Wheat, fig. 625. This riddle

has 25 meshes in the square

inch, including tho thickness

of the wires. The price is 5s.

with a beech rim.

1689. Iron-wire Riddle for
Barley, fig. 626, having 16 meshes to the square inch, including tho thickness

of the wire. The price is 4s. with a beech rim.

HU II: !|.»'1H« IIARI »T KIM : E
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1690. A barley wire-riddle answers for riddling beam, but an opposite process

riif. m. is performed,—the small and shrivelled beans and other

refuse pass through the meshes, while the good grain

is left in the riddle, together with any lumps of clay and
stones that may have accompanied the good grain, and
which must be removed by the hand.

1691. Iron-tcire Riddle for Oats, fig. 627, having 12

meshes to the square inch, including the thickness of

the wire. The price is 3s. 6d. with a beech rim.

1692. Slap Riddle.— Fig. 628 is a wire riddle for

roughs, having the meshes 1^ inch square. The price

is 2s. 6d. with a beech rim. Riddles for roughs are also

called slap-riddles. When elevators are used in a thrashing-machine, no slap-

riddles are required.

FI(f. 631.

1693. Wooden Sieves.—Fig. 629 is a wooden sieve for sifting out dust, earth,

and small Beeds from corn, having meshes of one-eighth of an inch square, and

the breadth of the withes also one-eighth of an inch. The price is 3s. 6d. with

an oak rim.

1694. Iron-wire Sieve.—Fig. 630 is an iron-wire sieve, having 64 meshes to

the square inch, including the thickness of the wire. The size is 22 inches

diameter, called No. 8, and, with a beech rim, is sold for 5s. 6d.

1695. In fig. 631 is illustrated a triangular-

meshed iron-wire sieve, with an oak rim.

1696. These are all the sizes and varieties

of riddles and sieves required on a farm. Of
slap-riddles and sieves, only one of each size is

used ; but of the riddles for wheat, barley, oats,

and beans, two of each kind are required,

whether of wood or wire. We have tried both

kinds, and prefer the wire, as making better

work, although we are aware they require more

dexterous riddlera, to use them with advantage,

than the wooden riddles.

1697. Wechts or Maunds.—For taking up corn from the bin or floor, w*chts,
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Flu. <32.

of the form of fig. 632, are made either of withes or of skin attached on a rim of

wood. One of fir withes, with a rim of oak, coats

2s. 6d. A young calfs skin with the hair on, or

a sheep's skin without the wool, tacked to the rim

in a wet state, after becoming dry and hard, makes
a better and more durable wecht than wood.

1698. Wechts should be made of different sizes

;

two as large as two fulls shall fill the bushel with

ease, and others of smaller diameter, and less depth

of rim, to take up the corn from the fanners, to give

to the tiddlers, or from the bin to supply the hop-

per of the fanners with corn.

1699. Barn Basket.— Baskets of close and
beautiful wicker-work, such as fig. 633, are used in barns in parts of England
instead of wechts.

1700. Barn Stool.—A stout four-legged stool, 2^ feet long, 9 inches broad,

and 9 inches high, as fig. 634, made of ash, is useful in a barn, to allow the

Fig.m Fig. Ml.

women to reach the hopper of the fanners easily. For want of a stool the

inverted bushel is often taken to stand upon, much to its injury.

1701. Barn Hoe.—A wooden hoe, fig. 635, made of plane-tree, 7 inches long,

Fig. 033. Flit. 630.

TBI n*RK WOC: t» llr

and 4 inches deep in the blade, fixed to a shaft

9 inches long, is easier and quicker than the

hands to fill wechts with corn from the floor.

1702. Wooden Scoops.—A couple of wooden
scoops, such as fig. 636, to shovel up the corn

in heaps, are indispensable implements in a

corn-barn. The scoop is 3 feet 3 inches in height, with a head
like a common spado ; a helve 18 inches in length, and the blade

14 inches wide and 16 inches long. The blade, helve, and handle,

are all of one piece of wood, of plane-tree, the belly of the scoop

being a little hollowed out, and its back thinned away to the

sides and face. This is a convenient size of scoop for women's
use, and who have most occasion to use it, and it is also light.

1703. In tho granaries in towns, scoopB are made longer, with

a handle of a separate piece of ash, and, consisting of more than

one piece of wood, are clumsy implements.

1704. A wooden scoop does not injure a floor as much as an iron

spade, and better retains the corn upon its blade when used.

1705. Brooms.—Brooms are useful implements in a steading, to sweep the

different sorts of floors, and they are formed of materials best suited to clean

the particular sort of floor. For sweeping the floor of causewayed or paved
stables and byres, the twigs of the birch-tree form the most elastic and durable
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brooms, such as is shown in fig. 637. They are tied together with stout twine

in bundles of about 4 inches in diameter at the tied end, and 2 feet in length.

A wooden handle of about 3 feet in length is driven into the tied end, and is

kept in its place by a pin passed through it and the twigs. The sweeping

end receives such a trimming with the knife as to give it a flattened

face to the ground sloped away to a point.

1706. Barn Brooms.—The most handy broom for a corn-barn is

made of half-dried twigs of broom, of the form of the stable-broom,

fig. 637, without tho long shank.

1707. The Imperial Bushel.—Cora is now invariably measured by
the imperial bushel. It is of cooper-work, made of oak and hooped

with iron, and, according to the Weights and Measures Act, must be

stamped by competent authority before it can be legally used
;
and,

having been declared the standard measure of capacity in the country

for dry measure, it forms the basis of all contracts dependent on

measures of capacity when otherwise

indefinitely expressed. By 5th Geo.

IV., c. 74, sec. 15, the bushel must
contain just 2218.19 cubic inches,

though its form may vary.

1708. The form represented in fig.

638 we consider most convenient,

being somewhat broader at the base

than at the top, and furnished with

two fixed handles. It is not too

broad for the mouth of an ordinary

half-quarter sack, nor too deep to

compress the grain too much ; and its two handles are placed pretty

high, so that it may bo carried full without the risk of capsizing.

1709. Some bushels are made inconveniently broad for any sack,

for tho sake of being shallow, that the corn may not be compressed

in them. Wo have seen others spread out so much in the mouth as

to render thein unsteady. Some have no handles at all, and are obliged to

be lifted by tho arms. Others have only one handle for the person who over-

turns the bushel to lay hold of, and that sometimes a jointed one, and there

being no handle on the other side for the sack to pass under it, the sack is

apt to slip over the mouth of the bushel while being emptied. Others have

the handles too low for the sack to pass under in the act of the bushel being

emptied. Theso different modes ofmaking bushels become essential conveniences

or inconveniences when much corn has to be measured up in a short time

;

and when convenience is studied in the

form of the bushel, it contributes much
to save time.

1710. Corn-Strikes.— In connection

with the bushel is the strike for sweep-

ing off the superfluous corn above the

edge of the bushel. It is usually made
of two forms ; tho one a flat piece ofwood,

like a in fig. 639 ; the other of the form

iMPiRiii. boidii. of k cosfHiur rem*.

-rn« |UI »»u ctu»M» cobk-btrikis.
of a rollor, like b. The Weights and

Measures Act proscribes that tho strike shall be of a round form, of a piece of

light wood, 2 inches in diameter ; but he who put tho notion into the heads of
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those who drew up the Act, that this is the best form of strike, tntiBt have had
little experience of using one. If the object is to separate one stratum of grains

of corn from another—and this is the only object of using a strike—the sharp

edge of the flat strike is evidently best fitted for the purpose. A cylinder,

when passed with a uniform motion over a bushel, though not rolling, must
push down some of the grain that is in front, under it

;
and, if it is rolled across

the bushel, it must press down still more grain, in the manner of a roller passing

over clods in friable land, and, of course, make the bushel hold more grain than

it would naturally do. We would advise all sellers of grain to use the flat strike,

whatever purchasers may wish them to do.

1711. On striking wheat, the strike is drawn Btraight across the bushel, the

grains being nearly round, and yielding easily to the forward motion of the

strike ; but in the case of barley, oats, pease, and beans, the strike should be

moved across the bushel in a zigzag manner, because, those grains being large,

long, or rough, a straight motion, particularly a rapid one, is apt to tear away
some of them to a level below that of the edge of the bushel.

1712. The strike should be made of wood in the best seasoned state, and of

that kind whioh is least likely to lose its straightneBs of edge, while it should

be light to carry in the hand, and hard to resist blows. Perhaps plane-tree may
afford the nearest approach to all these properties.

1713. Sacks of Corn in a Barn.—To make sacks of corn stand so as each

may be taken away with ease from a number, they should be set, the first,

one in a oorner, with one shoulder against one wall, and the other shoulder

against the other wall, as seen at a, fig. 640 ; and every sack in the same

row, as b and c, will stand with the left shoulder against the wall, and

Fig. (MO.

the right shoulder against the side of tho sack set down before it. In the

succeeding row, the first sack, as d, will have its right shoulder against the

wall, and its left Bhoulder against the side of the first sack a that was set

tip in the oorner; and the succeeding sacks, e and /, will have their left

2i
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shoulders in the hollows between the sacks, b and c, in the first row, and their

right shoulders against the sides of the sacks that were set down just before

each of them ; and so on, row after row. In short, the sacks stand shoulder to

shoulder, instead of side to side. Now, the utility of this arrangement is, that

the sacks, in the first place, are as closely set together as they can possibly be

;

for the left shoulders of d and e, as may be seen, fill up the hollows between the

right shoulders of a b and b c. In the next place, as each sack is removed in

the reversed order in which they were placed, it presents its broad side either

to the barrow to be wheeled away, without the slightest entanglement with any
other sack, or to be lifted at once as it stands upon the man's back, without the

us mil trouble of having to be kneed forward to a more convenient spot. Thus,

look upon /, with the initials H. S. upon it, the last-placed sack, and the first to

be removed. It is obvious that its side is presented in the most proper position

for the sack-barrow ; and its lower corners g and h are quite ready for the hands
of the persons who are to assist in raising it to a man's back.

1714. The figures show also the difference between tight and slovenly

sacking-up of corn : / shows a slackness of putting the first bushel into it,

where there are creases between g and k, and the corners at g and h project

too much out, because the corn above them is too slack. On the other hand, d
shows a well-filled sack. When filled sacks are wheeled aside, their mouths
should be folded in and closed up, as represented in the outer row d e f. On

.
tying sacks, which they must be when intended to bo sent away by cart, the tie

should bo made as near the corn as possible, whatever proportion of the sack

may be left over, in order to keep the whole sack firm, as seen in a, b, and c.

1715. The Sack-Barrow.—Sacks, when filled, are most conveniently placed in

Fig. m. -a a any part of the barn by means of a barrow made for

the purpose. A good form of one may be seen in fig.

641. Its height is 3^ feet, and its breadth over the

wheels l£ foot. The frame a is made of ash, the

wheels of cast-iron; and the scoop b, and the shields

c, which save the sacks rubbing against the wheels,

are made of wrought-iron. To be handy, the sack-

barrow should stand upright of itself, as seen in the

position in the figure.

1716. There are two modes of using the sack-

l>arrow—one when the sacks stand upright on being
filled, and the other when they stand as in fig. 640.

On taking hold of one of the handles a with the right

hand, behind the wheels, the left hand seizes the

mouth of the sack, and pushes it so far off as to

allow the scoop b of the barrow to pass between the
bottom of the sack and the floor; and then, on pulling

the sack towards the barrow, while the foot on the axle pushes the barrow for-

ward, the sack is placed on the scoop and is ready for removal. In the case
of the sacks, as in fig. 640, all that is required is to push the scoop b with the
foot under the bottom of the sack /, and to pull the sack upon the barrow.

1717. Lifting Sacks of Corn.—There are three modes of lifting a sack to a
man's back. One is, for the person who is to carry the load to bow his head
down in front of the sack, pLicing his back to its broad side, and bending his left

arm behind Ins own back, across his loins, and his right hand upon his right

knee, to await in this position the assistance that is to be given him. Two people
assist in raising the sack, by standing face to face, one on each side of it, bowing

TBI. t>AL W
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down so as to clasp hands across the sack near its bottom, as from gtoh, fig. G40,

below the carrier's head, and thrusting the fingers of the other hands into the

corners^ and A, which yield and go inwards, and thereby afford a firm hold. Each
lifter then presses his shoulder against the edge of the sack, and with a combined
exertion upwards, which the carrier seconds by raising his body up; the bottom
of the sack is raised uppermost, and the tied mouth downmost, resting against

the back of the carrier. The lifters now leaving hold, the carrier keeps the sack

steady on his back, with his left arm across its mouth.

1718. Another plan is, for the carrier to lay hold of the top of the shoulder of

the sack with both his hands, his arms crossing each other. His two assistants

do as directed before ; and while they lift the sack between them, the carrier

quickly turns his back round to the sack and receives it there, retaining his firm

hold of the parts he had at first.

1719. A third plan is for the assistants to raise the sack upon another one,

and then the carrier lowers his back down against the side of the sack, laying

hold of its shoulders, over his own shoulders, and rising up straight with it on his

back. In all these cases a firmly filled and tied sack is the most easily carried.

1720. The last plan requires most strength from the carrier, he having to rise

np with the load ; the second most from the lifters, they having to lift the load

up ; and in the first the strength of both parties is nearly equally divided.

1721. The Sack-Lifter.—The sack-lifter, fig. 642, is the hand-barrow of the

corn-barn. It simply consists of two
pieces of ash, 3 feet 9 inches long, ter-

minating at both ends in the form of

handles, clear of the floor, well united

together at 15 inches apart, by means
of three cross-bars of wood tenoned

and mortised into the handles. A board-

ing is placed over the bare for the sacks to stand upon. The sack is placed

on the lifter on the floor, and two persons lift the sack with the lifter as high
as to be on a level with the man's back who is to carry it.

1722. Gilbert's Sack Filler and Lifter.—In fig. 643 we illustrate an apparatus,

patented by Mr Gilbert, to enable

one person to fill sacks with com,
and to lift them. The sack has

its mouth expanded and held

open by the two jointed clamps

or bars a a, and is sustained

throughout its length by the bars

b 6, and cross-bars c c. The stay

d d is jointed to the bars 6 6,

and rests on the floor at its lower

extremity at e. Wheels,//, are

provided, by which the frame and
filled sack can be transported

from place to place. The length

of the bare b b is 4 feet 5 inches

;

the length of elliptical aperture

in which the sack is held is 30
inches, and its breadth 12 inches;

the diameter of wheels, ff, 8 inches. As manufactured by Messrs Richmond
and Chandler, the price of the frame without wheels is 23s. ; with wheels, 32s.

SACK Limn

Fig. W3.

itci rtu.BR »wd LirriB, in r»n«r«oriTB.
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Fltf. MS.

1723. Potato-Oraip.—When potatoes are raised from tho drill by the hand,

the potato-graip, fig. 644, is the best implement for tho purpose. It consists of

three flattened prongs of iron, to which is attached a Bocket, in which
a stout helve with a short cross-head is fastened by means of a nail.

This graip is used by inserting it into the side of a drill of potatoes

with a push of the foot, and the graipful of earth thus obtained is

turned over in tho hollow of the

drill, where the potatoes are ex-

posed to view and gathered. As
• the raising of potatoes with this

graip is a laborious work, men
only use it. The price is 3s.

1724. Potato-Basket.—As the

potatoes are exposed to view by

the potato-graip, the potato-bas-

^fl^ ket, fig. 645, is used by women
I | I and youngsters to gatherthem in.

$
!
\ J ""TO.—OT.

bft8ket made of ,,1^^
¥ m work, of a round shape, and as small as easily to be carried about

»©T»ro- in one hand, whether filled with new taken-up potatoes or potato sets.

1725. Potato Brander-Shovel.—A shovel, with a helve and cross-

head, having its blade made of narrow bars of iron, as close set together as to

retain ordinary-sized potatoes, but to let through small ones, as also earth and

stones, is a useful implement at a potato-pit when potatoes aro being prepared

for the market
1726. English and Scotch Cart-Harness.—Fig. 646 represents tho Scotch mode

OOTCU MODI Or TOIIKO A DOOBtJI CAIlT.

of yoking horses to a double horse-cart, and fig. 647 shows the English mode of

Fig. 847.

(Kill 1*11 MODE OF TOKIMO * DOCBU CART
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doing the same. The component parts of the harness consist of the same in

both countries—namely, a bridle, collar, haims, back-hand, belly-band, and
rump-strap for the trace-horse ; and bridle, collar, haims, saddle, belly-band,

and breeching for the tram horse. Two distinctive particulars, however, may
be observed between the two modes of yoking. In the Scotch mode, fig. 646,

double reins are employed to guide the horses when the driver may choose to

ride on the cart, while the English mode affords no reins. On the other hand,

both the trace and tram horses of the English mode of yoking, fig. 647, are

provided with cruppers, while the Scotch mode dispenses with cruppers.

Cruppers are disliked for farm-horses in Scotland, as they are apt to gall the

skin round the onset of the horse's tail.

1727. The Hay-Knjfe.—Fig. 648 affords a good idea of a hay-knife. The hay-

knife is used for cutting off a portion of the hay-stack when rig ^
hay is wanted for consumption. It consists of a sharp-edged

broad blade of steeled-iron, with a swedged back and sharp

point, having a tine attached to the swedge. The handle con-

sists of a double-handed cross-head, through the middlo of

which the tine of the blade is passed, and fixed by riveting.

1728. It will be observed in the figure that tho back ol

the blade is less than a right angle to the handle, a position

which gives the cutting edge of the knife an inclination to

the line of section, which, when the knife is used up and
down in a perpendicular motion with both hands, causes

it to cut a longer space than the breadth of the blade. This

form of hay-knife requires a considerable degree of strength in its use, and
unless the edge is kept remarkably keen with a whetstone, and tho hay is firm,

it does not make good or quick work.

1729. Hand Straw or Hay Cutter.—A simple form of hand straw or hay cutter

is illustrated in fig. 649. It may easily be made by a mechanic in the rural

districts or in the colonies,

as there is an entire absence

of all complicated mechan-
ism, all the working parts

being of easy construction.

Tho height of the framework

is 3 feet, the distance be-

tween a b being 22 inches

;

the four uprights are 3 inches

by 2 inches , and the length

of the trough c, in which

the straw is to be cut, is 42

inches. The width at the

further end c is 8 inches, and
at the feed end d 7£ inches.

The length of the knife to is

25£ inches, and its breadth 2£
inches. The knife is jointed

at its lower extremity to the

end / of a lever which works on a stud, passed through an eye forged at one

end e. Tins lever is made with a slotted or forked end /, working up and

down on the guide-pace g, nailed to the upright a in such a way as to admit of

a space a little wider than the thickness of one side of the fork of the lever/.

F!?. Bin.
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The extremity of the knife is provided with a handle h. While not in UBe,

the knife rest* on the guard L The hay or straw to be cut is fed through the

end of the trough d, the length of the cut being regulated by the attendant

;

and while being cut, it is held in its place by the block j, acted on by the pres-

sure of the foot of the attendant on the pedal k, through the medium of the

chain I. The cutting is performed by the operator lifting, in the first instance,

the knife by the handle out of the guard t, and pushing it towards d, so that

the edge will be beyond the straw projecting from the feed-mouth. The knife

is then lifted upwards, along with the end of the lever /, till the end of the

knife near / is on a level with the straw protruding through the feed-mouth

;

the end m of the knife is then brought down towards the rest or guard i, the end

/of the lever fe being at the same time depressed. The double action, first

of the knife m on its centre /, and of the lever /eon its centre t—the handle

of the knife /t, and the end /of the lever e /, describing arcs of circles—imparts

^ to the cutting edge the downward and lateral

movement essential to a quick and clean cut.

1730. Further simplification of construction

might be attained by dispensing with the lever

/<•, and jointing the end of the knife to the frame-

work ; but in this case, by depressing the handle

A, the edge of the knife would be pressed against

the straw, and a tearing rather than a cutting

action would be the result. By the arrangement

in fig. 649, the knife having a lateral movement
towards /, and a downward one towards i", the

razor-like action so well known to produce a

clean and rapid cut is attained.

1731. In fig. 650 we give two views of the feed-

mouth, a being a side, and b a front view ; and in

fig. 651 is a view of the pedal a, showing connec-

tion of the chain b by the stirrup c, by which the

pressure is produced on the block j, fig. 649, the

duty of which block is to keep the straw in its

place while being cut.

1732. The price of this hand hay and straw cutter may be set down at

from 30s. to 40s.

1733. Hand Lever Turnip-SHcer for Cattle.—One of the cheapest and most

efficient turnip-slicers is represented in fig. 652. It was brought before the

Highland and Agricultural Society of Scotland by Mr Wallace of Kirkconnel, as

an improvement on a pre-existing machine of the same kind. 4* It has since

undergone some further improvements in the hands of A. and G. H. Slight,

Edinburgh; and for the purpose of regular and perfect slicing of turnips, it

may be held as the best and cheapest now employed.

1734. In fig. 652 a b is the sole of the machine, about 34 inches long, 6 inches

broad, and 2 inches thick. The sole a & is in two pieces, connected by an iron

bar or strap a r, which is repeated on the opposite side, and the whole bolted

together as in the figure. The two pieces forming the sole are separated longi-

tudinally from each other, so as, with the two side-straps of iron, to form a rect-

angular opening of 9 inches by 6 inches, bounded on the two ends by parts

of the sole, and on the two sides by the side-straps. The sole is supported at

Jw.
m

£
i »i3»i or k»svi> »Tii»w--ti;:rKH

Transaction* of the Highland and Agricultural Society, vol. xiv. p. 363.
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the height of two feet upon four legs, and the lever d e is jointed at d by means
of a bolt passing through it and the ears of the side-straps, as seen at d. The
ver d e is 4 feet in length, its breadth and thickness equal to that of the sole,

but is reduced at the end
e to a convenient size for Kig.wi

the hand.

1735. The improve-

ments introduced by the

Messrs Slight consist in

the application of a cast-

iron knife-block /, with

eight instead of six cut-

ter-knives, which give a
more convenient size of

slice. This cast - iron

knife-block gives greater

strength to the machine,

and a more steadv and
secure feature to the in-

terior knives.

1736. Fig. 653 is a

section of the cradle as

it appears with the cast-iron knife-block : a is the body of the block, which is

attached to the sole a b, fig. 652, through the medium of a flange behind, and
fixed by bolts. The external cutters 6 b are a part of the 6ide-straps a c, fig.

652, and the interior cutters are fixed in pairs,

c c, d d, e e, by their respective bolts passing

through the cutters and the block.

1737. In using this machine, the workman takes

hold of the lever d e with the right hand, and,

having raised it sufficiently high, he with the left

hand throws a turnip into the cradle /. The lever

is now brought down by the right hand, which,

with a moderate impetus, and by means of the

block sends the turnip down upon the cutters,

through the openings of which it passes while the cutters are dividing it, and
the whole falls away in perfectly uniform slices below, where they may be

received in a basket. In most cases, it is found more convenient to have a

boy to throw in the turnips, and this will somewhat expedite the work. Two
advantages this turnip-slicer possesses, and they are both important—one is, that

with unerring certainty it cuts every slice of uniform thickness : the Blab-

slices, indeed, may of course vary, but all are free of the smallest portion of

waste ; and the other advantage is its cheapness, especially when it is con-

sidered that, in a given time, it will slice weight for weight of turnips with the

most elaborate machine in use, the power applied being also equal; and its

price is only from 28s. to 30s. The implement is also extremely portable,

and can be carried about by one person. An objection has been urged to this

sheer—namely, that the turnips must be all put into it one by one ; but it is

perhaps unnecessary to remark, that this objection applies to all turnip-sheers

;

for though the hopper of some may be capable of containing a large number of

turnips at a time, yet only one turnip is sliced at a time.

1738. Samuelsoris Hand Lever Turnip-Slicer.—In fig. 654 we give a perspective

FK\ MS.
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view of a band-lever turnip-Blioer, adapted for small occupations, where only
two or three cows and a few
sheep are kept. Different

forms of knives are used, ac-

cording as slices are wanted
for cattle, or "fingers" for

sheep. This implement is

manufactured by Mr Samuel-
son of Banbury, and costs

£1, 15s. The hopper a a, fig.

654, 3 feet 3 inches long, 1

1

inches deep, 3 feet 3 inches

broad at its upper, and 18

inches at its lower end, and
having asparredbottom of iron
rods to admit earth through
them, is fixed to the beam
or bar bb

y 5 feet 4 inches long,

154 inches broad, and 3 J

inches thick. This is carried by four supports c c, c c, 3 feet 6 inches high,

rig. ess. and 5 inches broad by 4 inches thick.

The cutting-knife works on tho centre

a\ the handle e working in the slot of

the curved guide/.

1739. Turnip-Picker.—Until of late

years, sheep were allowed to help

themselves to turnips, and when the

bulbs were scooped out as far as the

ground would permit, their shells, as

their bottoms fast in tho ground are

called, were picked out with a turnip-

picker, the modo of using which may
be seen in fig. 655. Its handle a is 4
feet long, and blade b 10 inches, in-

cluding the eye for the handle, and
its face is brought to a sharp edge of

steel c. By its mode of action, the tap-

root of tho turnip is cut through and left in the ground, and tho shell separated

Fig. «37. rig. cm. fr°m tn6 ground, at one stroke.

1740. A common but bad form of these pickers is

with tho mouth cleft in two, as in fig. 656, which, when
picking up the shell, pulls up the tap-root with it. The
tap-root, when thus exposed and eaten, is very pungent
to the taste, and is apt to engender purging in sheep.

1741. Topping and Tailing Turnips.—Figs. 657 and
658 represent the instruments for topping and tailing

turnips in their simplest form. Fig. 657 is an old scythe

reaping-hook, with the point broken ofT. This makes a
light instrument, and answers the purpose pretty well

;

but fig. 658 is a better. It is made of the point end of a
worn-out patent scythe, the very point being broken off,

and part of the iron back to which the blade is riveted,

Flg.M*
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forming a tine, is driven into a helve like that of fig. 657. This instrument is

rather heavier than thatof fig. 657, on whichacoount it removes the top more easily.

1742. The Turnip Trimming-Knife.—k superior instrument was contrived by
Mr James Kinninmonth, at Inverteil in Fife, under the

name of the " turnip trimming-knife,'' fig. 659. The
necessity for another instrument of the kind arises from

the fact, tliat when the top of a turnip has dwindled into

a comparatively small size, it affords but an inadequate

hold for pulling the turnip from the ground ; and when the

attempt is felt by the worker likely to fail, she naturally

strikes the point of the instrument into the bulb to assist

her, and the consequence is, that a deep gash is made
in the turnip, which, being stored for monthB, generally

suffers in its useful qualities, by producing premature

decay in the wounded part. In fig. 659, a is the handle,

b the cutting edge, steeled and properly tempered, and c

an appendage welded to the extremity of the back, in the

form of a narrow edge or hoe. If the turnip requires any
effort to draw it, the front of the hoe c is inserted by the

right hand gently under the bulb, and the operation of

lifting it with the left hand by the top of the turnip such

as it is, is effected with the greatest ease and certainty.

1743. The prioe of this knife, when made on purpose, is Is. 6d., but were it

brought out as a regular article of manufacture, its price might be considerably

less.*

1744. Cross Turnip-Chopper.—There is another very simple and useful turnip-

cutter, which is frequently used when thin slicing is thought

of less importance, but is more especially useful where the

cooking system is adopted for either cows or horses, thin

slicing being in such cases not called for. This instrument

is represented in fig. 660. The cutting part of it consists of

2 steel-edged blades, 8 inohes in length, and 4 inches in

depth. They are slit half-and-half at their middle point,

so as to penetrate each other, standing at right angles,

forming the cross-cutter, a a a a. They are then embraced
in a four-split palm, and riveted. The palm terminates in

a short shank «, which is again inserted into the hooped
end of a wooden handle 5, 3 feet in length, and this is finished

with a cross-head c. The price of this instrument is 8s. 6d.

The mode of using it is obvious. It is held by the hand
in a vertical position ; and when placed upon a turnip, one
thrust downward cuts it in quarters.

1 745. This instrument is also varied in its construction,

being sometimes made with three and even with four blades,

dividing the turnip into six or into eight portions.

1746. Parallel-bladed Turnip-Chopper.— Another in-

dividual form of the same species is represented by
fig. 661. It has two blades a a ; but they, instead of

orossing, stand parallel to each other, and therefore divide

the turnips into three portions, resembling slices, of consi-

derable thickness, the middle one being 1$ inch thick. In the construction

• Truiuaction* of the Highland and Agricultural Society for July 1844, p. 2SC.
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of this cutter, a blunted stud is formed at the extremities of each blade, and
these project below the cutting edge about J inch, serving as guards to save

the cutting edges from receiving injury when they have passed through the

turnip, or otherwise striking any hard surface. These guards,

it may be remarked, would form a useful addition to all this class

of cutters. The arms b of the blades rise to a height of 9

inches, widening upwards to 3^ inches, to give freedom to the

middle slice to fall out. The two arms coalesce above, and are

then formed into the

socket c, to receive the

handle, which termi-

nates in a cross-head.

1747. Common Wheel-

Barrow.— In cleaning
out byres and stables,

a whoel-barrow, as in

fig. 662, is necessary.

This is of the common
form, with close-boarded

bottom, sides, and back, and of a capacity sufficient to carry a

good load of litter, but not of greater breadth than will easily

pass with a load through an ordinary door.

1748. The broad-mouthed shovel, fig. 411, is also necessary for cleaning out

byres and stables.

1749. Scull-Basket.—Turnips are carried to the cows in baskets called sculls,

which are hollow hemispherical-shaped baskets of basket-willow, having an

FiR.aa. opening on each side, to take hold of

the stout rim for handles, 6uch as in fig.

663 : they are 2 feet in diameter, and cost

about Is. 6d.

1750. The Cooler.— After the cattle-

food is prepared in the boiling apparatus

of the daily, it is taken to the byre in a

cooler. This is an oblong box, fig. 664,

having the sides perpendicular, and the ends bevelled, and provided with two

wheels, mounted on a bent axle, which passes under the bottom of the box, and
fin. cm. two handles, for the purpose of moving

the cooler to where it is wanted. The
cooler may be constructed of any dimen-

sions, to suit the size of the dairy ; and
one 6 feet long, 2 feet wide, 2J feet deep,

will contain as much food as will 6erve

twentv cows at one meal.

1751. The Milk-Patl.—The vessel for

receiving the milk from the cow is simple,

and is shown in fig. 665, which represents

one of the most convenient form, and the

size may be made to Buit the dairymaid's taste. It is made of thin oak staves

bound together with three thin iron hoops, which should always be kept bright.

Pitchers of tin are mostly used to milk in in the dairies of towns. A pail, as

lig. 665, is of a convenient size when 9 inches in diameter at the bottom, 1

1

inches at the top, and 10 inches deep, with a handle 5 inches high, and having

U IUOW »CVLI. OR BAKU* I
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a capacious enough mouth to receive the milk as it descends, and of a sufficient

height to rest on the edge of its bottom when held firmly between the knees of

the dairymaid, as she sits in milking upon a three-legged stool. As the pail

should not be milked full, it should be large enough to contain all the milk a

cow will give at a milking, since it is undesirable to disturb the cow by rising

from her before the milking is finished, or by exchanging one pail for another.

1752. The Milking-Stool—-The byre-stool, seen in fig. 666, is made of ash,

to stand 9 inches in height, or any other height to suit the convenience of the

dairymaid, with the top 9 inches in diameter, having a segment cut off one side,

and the legs a little spread out below to givo the stool stability. Some milkers

do not caro to have the assistance of a stool in milking, and prefer sitting on

their haunches ; but a stool keeps the body so steady and secure, that the arms
have greater freedom of action, and are more ready to prevent accidents to the

milk in case of any dispute with the cow.

1753. Milk-Dishes.—Milk-dishes are composed of stoneware, glass, wood,

metal, and stone. The stoneware consists of common ware and Wedgewood

;

the wooden of cooper-work ; the metal of block-tin and of zinc ; the stone of

slate, pavement, and marble polished. Besides these simple elements, a

combination of materials is used, as, wooden vessels lined with block-tin

and zinc, and German cast-iron lined with porcelain. Of all these, the stone

and wooden ones lined with metal are stationary, and the others movable.

Wooden ones require much labour to keep them thoroughly clean, but are

the least liable to be injured in the use. Metal ones also require much cleans-

ing, and are liable to be bruised. Stoneware is easily fractured, though
very easily cleaned. Glass is as easily cleaned, and perhaps more frangible.

The form of all milk-dishes should be broad and shallow, for the purpose of

exposing a large surface with a small depth of milk, to facilitate the disen-

gagement of the cream from the milk.

1754. A difference in opinion exists, which substance as a milk-dish has the

greatest influence in disengaging the largest quantity of cream from the milk.

1755. Common Stoneware Milk-Dish.—These milk-dishes are brown outside,

and glazed yellow inside, of round form, tapering to the bottom, and without a

mouth to pour the milk by. When 15 inches in diameter, and 4 inches deep,

inside measure, they cost 9<L each. They are easily cleaned and broken, and
the glazing is not durable.

1756. Wedgewood-ware Milk-Dish.—Fig. 667 represents a milk-dish of white

Wedgewood-ware, of an oval form, 16 inches long and 3 inches deep, inside

Digitized by Google
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moasnro, with a mouth. This ware is hard, not easily broken, the glazing

durable, and easily cleaned. A dish of this size costs 6s. Wedgewood or

white ware is also made of the form
Flfr. «7. •

of the wooden one of cooper-work, 6g.

669, with the addition of two handles

to lift the vessel by.

1757. Glass Milk-Dish.—A milk-dish

made of light-green coloured glass, of

a circular form, 16 inches in diameter

and 4 inches deep, tapering to the

bottom, and with a mouth, is seen in

fig. 668. It is easily cleaned, and easily

broken if carelessly handled. The cost

of a dish of this size is 4s. 6d.

1758. Wooden Milk-Dish.—Fig. 669 is the common wooden milk-dish, made of

round cooper-work, composed of staves of oak and flat hoops of iron. It is

FlR. <VM.
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Fig. 670.

16 inches in diameter, and 4 inches deep, inside measure, and costs 2s. This is

the most durable of all milk-dishes, although it requires much scrubbing when
in use to keep it clean, and the iron hoops bright, which they should always be.

1759. Fig. 670 exhibits a milk-dish made of zinc, of a circular form, 18

inches in diameter, and 3 inches deep, pro-

vided with a mouth, and costs, of this size,

2s.—the price varying 3d., more or less, for

every inch in the diameter. Zinc requires

much cleansing, and is apt to be bruised,

though not easily broken.

1760. Dr Taylor has these observations

in regard to the use of vessels made of

zino for dairy purposes :
" Zinc has been

lately used iu making utensils for holding

milk during the separation of cream. It is probable that some of the lactate

of zino is here formed, as well as a combination of the oxide of zinc with

I have been informed that milk and cream, which were allowed to

tine milk i ma

casein.

stand in such vessels, have given rise to nausea and vomiting. This practice

would not be allowed under a proper system of medical police. When an acid

liquid has been placed in a zinc vessel, there is a strong chemical action, and

the liquid becomes invariably impregnated with a salt of zinc. A cider-mer-

chant kept for three months a quantity of cider in vessels made of zinc. It was
observed that the liquid had then acquired an acrid and styptic taste. On
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Fig. 671.

analysis, it was found to contain a largo quantity ot acetate of zinc. It had,

therefore, become decidedly poisonous." * Milk kept in zinc vessels until it be-

comes sour, would, wo have no doubt, produce a similar poison. When milk is

so delicate a fluid, and so easily affected by any deleterious substance, great

caution is requisite in using any metallic vessel in the dairy that might possibly

injure its quality.

1761. Tin is not known to be acted on by milk.

1762. Fixed Milk-Cooler of Marble.—A fixed milk-cooler is represented by
fig. 671, made of marble, the best ma-

terial for a cooler, being cool, cleanly,

and handsome. An orifice is made in

the bottom a, at the near Bide, through

which the milk runs out of tho cooler,

and where also the water issues which

has been used to wash the cooler clean.

The dimensions may be made at plea-

sure, 3 feet long and 2 feet broad being

a good size ; but the depth should not

exceed 4 inches, to contain from 2 to 3

inohes of milk.

1763. When the cooler is made of

wood lined with block-tin or tin, the

form is the same as the marble one.

1764. It is only in large dairies that

fixed coolers are used.

1765. The Milk-Sieve.—Another uten-

Bil required for the use of the milk is a milk-sieve, fig. 672, which consists of a
bowl of wood formed of plane-tree, having an orifice in tho bottom, which is

filled in with gauze, in order to detain the hairs that may have fallen into the

miIking-pails from the cows on being milked. The gauze is commonly made of

brass-wire, and, when kept bright, answers the purposo ; but silver wire is much
less likely to become corroded by use. Suoh a sieve, 9 inches in diameter, with

brass-wire gauzo, costs Is. 3d.

1766. The Creaming-Dish.—The creaming-dish, fig. 673, made of china, and

a Tixwv muc-<;oo:,*R nr unnmm, on or wood

rig. en
Tig. «T3.

sometimes called the skimmer or creamer, is for taking the oream off tho milk.

It is thin, circular, broad, and shallow, having on one side a sharp edge to pass

easily between the cream and the milk. At the bottom are a number of small

• Taylor On Poisont.
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Flit. 674.

holes to allow the milk to pass through and leave the cream pure and thick in

the skimmer. Such a skimmer costs Is.

1767. Cream-Jar.—The cream, until it is churned, is kept in a jar of stone-

ware, as in fig. 674, about 18 inches in height, and 10 inches in diameter, pro-

vided with a movable top, having an opening in its centre, covered with muslin

to keep out dust and let in air. Such a jar cost*

8s. to 10s. of white ware ; of common ware cheaper.

1768. Butter Moulds.—Fig. 675 represents a

stamp \\ inch diameter, for small prints of butter

used at table; the design upon which is cut in

accordance with fancy and taste. The couple of

hands, ribbed on their faces with longitudinal par-

allel ridged lines, are for forming small figured balls

and rolls of butter, also for the table. The hands

are 6 inches long, and 4 inches broad in the face,

and 4 inches long in the handles.

1769. The Butter-Spade.—Objections have been

urged against the ubo of the human hand in making

up butter, and a small wooden spade recommended

to be employed instead. The use of water has also

been objected to, as it is said to deprive the butter

of its pleasing aroma. A woman who has hot

clammy hands should never be a dairymaid, as

butter is very susceptible of taint, and its flavour

will doubtless be injured by the heavy smell of

sweaty hands; but naturally cool hands—made

clean by washing in warm water and oatmeal, not

soap, and then rinsed and steeped in cold water,

will make up butter freer of buttermilk, and more

solid than any instrument whether of wood or

other material. As to cold water injuring butter,

it is scarcely possible, there being no affinity be-

tween fatty matter and cold water ; water cannot

dissolve any essential ingredient out of butter;

at any rate, water will more effectually unite with,

and thereby take away the milky substance from

butter, than any instrument manipulated dryly with

nil the art the hand can use. But less handling may be given to butter with

the partial use of the spade, which may be employed in the

first process of the washing, by dividing and rubbing, and roll-

ing it amongst the water on the bottom of a flat tub, before

it is beaten with the hands ; and it is this beating which ex-

pels the remnants of the buttermilk which cannot be farther

reached by the water, and which, if left, would spoil the taste

of the butter in a very few days, that is best done by the hand.

Fig. 676 represents a butter-spade of a shape long used in a

dairy, the face being 4 inches square, and the handle 4 inches

long. The lower side of the face is thinned away to a sharp

edge. That such a spade may last in use, and not warp,

being thin, it should be made of hardwood, and the wood of

the apple-tree is found to be the most tenacious.

1770. The Dutch use an implement for washing butter without the immediate

• I1UHOIH
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contact of the hand, which is much more effective than this spade. It consists

of a board of wood about 1 foot in length and 4 inches in breadth, deeply

grooved longitudinally. Another board, of similar construction and dimensions,

is hinged upon one end of it, and terminates in a handle. The instrument is

placed in a flat kit, with water. While the butter is placed by one hand at

quick intervals of time, with such a spade as fig. 676, upon the lower board, the

other hand moves the upper board up and down in repeated action upon the

butter, which is alternately and successively divided by the grooves meeting

into one another, and kneaded thin by the frequent contact of the grooves of the

boards. By repeated operations in this manner the butter is considered to be

freed entirely of the buttermilk. Still the most export manager of this process

cannot free the butter of buttermilk so completely as can the manipulator by a

pair of cool active hands.

1771. A Lactometer.—A lactometer, to test the creaming qualities of milk

drawn from different cows, is useful Fig. ct7.

in dairies. It consists of a frame,

fig. 677, containing a series of glass

tubes of equal length and diameter.

These are graduated as shown in the

figure, and are filled to an equal

height with milk from different

cows, when, after remaining some
time quiescent, the stratum of cream
is easily marked off in each.

1772. The Curd- Cutter. — When
milk is sufficiently coagulated, the

curd is cut in the tub with the curd- cutter, fig. 678, which consists of an oval

hoop of copper a 6, 9 inches long and 6 inches wide, and \\ inch deep,

embracing a slip of copper, of the same depth, along its longitudinal axis.

The stem c, of round copper rod, is branched and stemmed, and is 18 inches

in height, surmounted by a wooden handle d, 6 inches in

length. On the instrument being used in a perpendicular

direction, it cuts the curd in the tub into pieces.

1773. The Cheese- Vat.—Fig. 679 shows the common
cheese-vat or chessart, as it is called, the form being varied

according to that adapted to n«.679.

the cheese. This vat is built

F1(f. 878.

with elm staves, as being.least

liable to burst with pressure, and
strongly hooped, and is fur-

nished with a substantial bot-

tom, pierced with holes to allow

the whey expressed to flow away,
and a strong wooden cover cross

doubled. It is of advantage that

the cover fit the vat exactly, and that the vat have as little

taper interiorly as possible. In some parts, as in Cheshire,

cheese-vats are made of tin, with holes in the bottom.

1774. The Curd-Breaker.—The curd-breaker,* of which fig. 680 is a plan, and
fig. 681 a transverse section, consists of a hopper-shaped vessel a £>, 17 by 14

cut»i-vtr.

Quarterly Journal of Agriculture, vol. iv. p. 384.
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inches at top, and 10 inches deep. It is fixed npon two bearers e «, which are

set npon a stand or tub when in operation. A wooden cylinder /, having an

iron axle passing through

the bearers e e, is turned

by a winch-handle d. The

axle is kept in its bearings

by means of slot s h on each

side, which slide in grooves

in the bearers, and are held

in their place by a slider at

'- h. The cylinder / is 7

inches long and 3| inches

diameter, studded all over

with pegs of hardwood \
inch square, and projecting

f inch. These pegs or teeth

are set in eight regular zones

round the cylinder, each zone

containing eighteen teeth.

Two wedge - shaped pieces

c c are attached to the sides

of the hopper below, serving

at the same time to reduce

the opening between the cylinder and the hopper, and to carry a row of pegs

similar to those of the cylinder, but falling into the Bpaces between the zones

of pegs, as seen in fig. 680 at c and c.

1775. In using this machine, it is plaoed over the tub or other recipient for

the broken curd ; the hopper is filled with the curd that requires to be broken

;

and while one hand is turning the winch-handle, which may be turned either

way, the other hand may occasionally bo required to press the curd down upon

the cylinder. To prevent the curd passing beyond the ends of the cylinder,

the cylinder is covered at each end, to the extent of £ inch, with an overlap of

the sides of the hopper. The cost of this curd-breaker is 8s.

1776. The Dung-Spade.—The litter in the courts of hammels is much more

compressed than that in large courts, as a consequence of heavy cattle stand-

ing and moving over it frequently within a limited space. It is

sometimes so compressed as almost to resist the entrance of the

graip. To enable it to be easily lifted with the graip, it should be

cut into parallel daces with the dung-spade, fig. 682. This spade

consists of a heart-shaped blade of steel thinned to a sharp edge

along both sides and pointed, with a stout short helve having a

long cross-head fastened into a split socket. The height of the

spade is 3 feet, length of cross-head 18 inches, length of helve

18 inches, length of blade 16 inches and breadth 10 inches. It

is kept sharp with a scythe-stone.

1777. In using this spade, it is lifted up with both hands

by the cross-head, and its point thrust with force into the

dung-heap along a line across its entire breadth. The upper

part of the blade of this spade, it will bo observed, is rounded, and not left

square with ears like a common spade, because when uBed to cut a dung-heap

of greater depth than the length of its blade, the rounded part does not catch

the litter on the instrument being pulled up out of it

Fig. «82.
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Fig, em.

1778. The Common Graip.—The common graip is used for lifting all dry
strawy materials. It is used to throw the dung heap into the cart after it has
been cut and prepared by the dung-spade. It consists of three rounded sharp
prongs, about 12 inches long, forged together, and to which is attached a
slightly curved forward shanked socket, into which the helve is fastened, and
furnished with a cross-head, as in fig. 683.

1779. The Three-pronged Dung-Qraip.— Fig. 684 Fig. col

represents a light useful small implement for spread-

ing dung along drills, or minutely broadcast. It

consists of three short sharp prongs, welded together

and to a socket, into which a helve about 4 feet long,

without a cross-head, is fastened. This implement
is generally used by women-workers.

1780. The Dung-Drag.—This implement is some-
times called the dung-hawk. It consists of two or

three short sharp prongs, forged together, with a
socket at right angles to the prongs, furnished

with a helve about 5 feet in length, without a

cross-head, as in fig. 685. It is used for drag-

rig. aw.
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ging the dung out of the tilt-cart into heaps along

drills, or upon the plain surface.

1781. The Mud Hoe or Harle.—Tho liarle con-

sists of a thin blade of iron, about 15 inches in length and 4 inches broad,

attached to a socket at right angles to the blade, and furnished with a helve

6 feet in length, without a cross-head, as in fig. 686. Its use is to scrape

Fig 087

Fig. aw.

together and collect all the wet mud to be found on the

roads and alleys around tho steading in wet weather in

winter.

•

1782. Section Eleventh.—Machines not directly connected

icith any of the above Ten Sections, but useful on the Farm.
1783. The Lantern.—A proper form of lantern that will dis-

tribute a sufficient intensity of light all around, and be safe

to carry to any part of a steading, amongst straw or other

highly inflammable material, is yet, perhaps, a desideratum.

The nearest approach to safety in those circumstances of

any form of lantern we have seen is that in fig. 687, which

consists chiefly of a stout glass globe, which may be knocked

against a piece of timber and yet not be fractured. It has an oil-lamp, which

screws and unscrews into its place from below, within the foot upon which it

2 K
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1U« Oil- 'AM

stands, and a ring by which it is carried ; and the hand is elevated enough to
be protected from the heat which escapes along with the smoke from the ven-
tilator. A lantern of tin, with a globe about 9 inches diameter, a suitable

size, costs 6s. 6d.

1784. The Oil-Can.—The form of oil-can given in fig. 688 is a convenient one
for use in oiling the gudgeons belonging to the
thrashing - machine, or the bearings of the
spindles of the smaller machines. It consists of
a body of tin of the ellipsoidal form, having a
handle at one end, and a long spout of small bore
at the opposite one ; and the mouth on the top is

stopped with a lid.

1785. Turnip-Troughs for Courts.—These are placed against the walls, as in

fig. 689, where a is the wall against

which the trough is built, and b a
building of stone and lime 2 feet

thick, to support the bottom of the

trough, of which the lime need not be
used for more than 9 inches in the

front and sides of the wall, and the

remaining 15 inches may be filled

up with any hard material : c is the

flagging placed on the top of this

wall, to form the bottom of the

trough. Some board the bottom with
wood ; and where wood is plentiful,

it is cheap, and answers the purpose,

and is pleasanter for the cattle in wet
and frosty weather ; but where flags

can be easily procured, they are more
durable : d is a plank 3 inches thick

and 9 inches in depth, to keep in the

turnips. Oak-planking from wrecks,

and old spruce-trees, however knotty,

have been found a cheap and durable front for turnip-troughs. The planks are

spliced together at their ends, and held on edge by rods of iron e batted with

lead into the wall, and with nut and screw in front The height in front should

not exceed 2 feet 9 inches for calves, and 3 feet for the other beasts, and it will

become less as the straw daily accumulates. The trough, here shown short,

may extend to any length along the side of a court.

1786. Water-Troughs for Cattle.—Fig. 690 gives an arrangement of water-

troughs connected together though placed in different courts. Let a be the supply

-

A *
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trough in one court immediately beBide the pump ; let b be the trough in any
other court to be supplied with water from a, and let b be placed 3 inches
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below a. Let a leadjupe d be passed under ground to the trough b. and emerge
from the ground by the side of and over the top of b at <?. When a is filling

with water from the pump, the moment the water rises in a to the level of the

end of the pipe at e, it will begin to flow into b, and will continue to do so till b

is filled if the pumping is continued. The water in a, below the level of the

end of the pipe e, may be used in a without affecting that in 6, and the water

in b may be entirely used without affecting that in a. In like manner water

may be supplied to/ from b.

1787. Water-troughs are made of various materials : a is hewn out of a solid

block of sandstone, which makes the closest, most durable, and best trough

;

b is made of flagstone, the side being sunk into the bottom in grooves luted

with white-lead, and held together at the corners by iron olamps h. This

makes a good trough, but it is apt to leak at the joints : f is made of wood
dovetailed at the corners, and held together by clamps of iron t. When made
of good timber, and kept painted, wooden troughs last many years.

1788. Wooden Straw-Rack.—A common kind ofrack is in fig. 691, made ofwood,

5 feet square and 4 feet high, sparred round

the sides and bottom to keep in the straw.

It stands in the middle of a court. The cattle

draw the straw through the spars as long

as its top is too high for them to reach over

it, but after the dung accumulates, and the

rack thereby becomes low, the cattle get at

the straw over the top. This rack may be

pulled up higher when the dung accumulates

much.
1789. Iron Straw-Rack.—Fig. 692 is a

rack of malleable iron to supply the straw

always over its top, and is rodded in the

sides to keep in the straw. It remains

constantly on the ground, and is not drawn

up as the dung accumulates, as in the case

of the wooden rack. It is 5£ feet in length,

44 in breadth, and 4£ in height ; the upper

rails and legs are of 1 -inch-square iron,

and the other rails J inch. This is, of

course, the most durable straw-rack.

1790. Straw-Rackfor Sheds.—Figs. 691

and 692 represent straw-racks to be constantly exposed in the air
;

fig. 693

a form of wooden rack adapted

to supply fodder to cattle under

cover in sheds. It consist s ofan

upper and a lower bar of wood,

parallel to each other, and in-

to which are notched behind a

series of rails as far asunder as

to allow of the straw being

pulled through between them

by the cattle. The rack has

an inclination of about 2

feet forward at the top, which

affords the capacity of holding the food, both its rails being batted to the wall.

mow nTRAW-n»r* ro» connn.

Fig. (SO.
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1791. The Bullock Holder.—The bullock-holder is well represented by fig. 694,

where a is the joint which allows its two parts at b to open so far

as each to enter a nostril of the animal. The lever-nut c brings

the two knobbed points b as close as to embrace and hold firm tho

septum of the nose. The leading rein is fastened to the under

ring e. This form of bullock-holder would allow the points 6 to be

screwed to any degree of tightness, until they meet each other

;

and it is, in our opinion, so far objectionable, as the screwing may
be carried as far by a rash hand as to hurt the animal when tho

instrument was moved in the least degree to either side.

1792. Another form which we have seen, and approve o£ never

allows the two knobs b of the instrument to be screwed closer than

just to embrace the septum of the nose, allowing the holder to

swing from the nose at ease whilst it grasps the nose firmly whenever
'•»**• the animal attempts to move away.

1793. The cost of a bullock-holder of either of these forms is 4s.

1794. American Cattle-Leader.—In fig. 695 we give a view of an American
cattle-leader, which presents some points of novelty. The septum is pressed on

by the balls a a. The thumb and finger are pressed over the parts b 6, or

immediately over the spring e d; the distance between the balls a is thus

widened, and the apparatus is

then slipped upon tho septum,

and the spring gently closes it

;

c being the rope or leading rein.

1795. Spring - Hook Swivel.

— The leading - rein is best

fastened to a ring or holder

by means of a spring-hook

swivel, such as fig. 696. The
movable part a is jointed at </,

and kept in its place by the spring behind it When the hook
is desired to be attached to the ring, the thumb presses on a,

which yields, and allows the ring to be taken into the circular void

of the hook. The rein-rope b is spliced on the end of the ring

of the hook. This ring, turning upon the swivel c, prevents the

rope twisting. With such a hook a leading-rope can be attached

and released from the bull's ring in much less time and with more
ease than any sort of tying.

1796. The BulVa Ring.—-In fig. 697 is given a view of a bull's

Fig. »7.
airt.

Fig. 096.

Fig. (EH.
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ring in an open state, ready to be inserted into the bull's nose, tho joint a
allowing the two sides of the ring to open as wide as that the end b may be
inserted into the hole burned through the septum of the nose. Fig. 698 shows
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the ring closed, after it hats been passed into the nose, a being the joint, and b

the two ends of the ring lapped over and secured together by two counter-sunk

screws. The ring is formed of £ inch of rod-iron, and its diameter over all is

2£ inches, and it should be highly finished.

1797. The Cattle Probang.—When cattle are feeding on turnips or potatoes, it

occasionally happens that a piece larger than will enter the gullet easily is

attempted to be swallowed, and obstructed in its passage. The accident chiefly

occurs to cattle receiving a limited supply of turnips, and young ng.e»
beasts are more subject to it than old. When a number of young ft
beasts in the same court only get a specified quantity of turnips

or potatoes once or twice a-day, each becomes apprehensive, when
the food is distributed, that it will not get its own share, and there-

fore eats what it can with much apparent greediness, and, not

taking sufficient time to masticate, swallows its food hastily. A
large piece of turnip, or a small potato, thus easily escapes beyond
the power of the tongue, and, assisted as it is by the saliva, is

sent to the top of the gullet, where it remains. In cases of this

kind, the common probang is used, the cup-end being employed.

1798. The common probang is represented in fig. 699, a being

the cup-end, which is so formed that it may partially lay hold

of the piece of turnip or potato, and not slip between it and the

gullet, to the risk of rupturing the integument ; and being of larger

diameter than the usual state of the gullet, on being pressed for-

ward it distends the gullet, and makes room for the obstructing

body to proceed to the stomach. Formerly the probang was
covered with twisted cane, but is now with India-rubber, which
is more pliable. It is used in this manner : Let the piece of wood,

fig. 700, be placed into the open mouth of the animal as a bit, the

projecting part b lying upon the tongue ; c is the cord attached

to it, and to be tied tightly over the neck behind the horns, to

keep the bit steady in its place. The use of the bit is not only to

keep the mouth open without trouble, but to prevent the animal

injuring the probang with its teeth, and it offers the most direct passage for

the probang towards the throat by the opening a. Let a few men seize the

animal on both sides by the horns or otherways, and
let its mouth be held projecting forward in an easy

position, but no fingers introduced into the nostrils

to obstruct the breathing of the animal, nor the

tongue forcibly pulled out of the side of the mouth.

Introduce now the cup-end a of the probang, fig. 699,

through the round hole a b of the mouth-piece, fig.

700, and push it gently towards the throat until the

obstructing piece of the turnip is felt
;
push then

with a firm and persevering hand, cautioning the

men, previous to the push, to hold on firmly—for the

starting of the piece of turnip by the instrument may
cause the animal smart pain, and to wince and even

leap aside. The obstruction will now most likely

give way, especially if the operation has been performed before the parts

around it began to swell ; but if not, the probang must be used with still more
force, whilst another person rubs with his hands up and down upon the dis-

tended throat of the animal. If theBe attempts fail, a veterinary surgeon should

be sent for instantly.

Kin™
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1799. The probang, fig. 699, is 5 feet 1 inch in length, | of an inch in diameter,

with pewter cup, and a ball-end l£ inch diameter, pierced with holes to allow

gas to escape from the stomach. The mouth-piece a b, fig. 700, is 5 inches long

and 3 inches wide, with two rounded projections d d\ 4 inches long each. The
prioe of the probang is 12s., and with the mouth-piece 14s.

1800. Cattle Hoven.—The direct cause of the symptoms of cattle hoven is

undue accumulation of gases in the paunoh or large stomach, which, not finding

a ready vent, causes great pain and uneasiness to the animal, and, if not removed
in time, rupture of the paunch and death ensue. Placing an instrument, such

as in fig. 700, across the mouth, to keep it open, is an American cure which is

said never to have failed. But the gas may be generated so rapidly that

neither medicines nor the probang may be able to prevent or convey it away,
in which case the apparently desperate remedy of paunching must be had
recourse to. " The place for puncturing the paunch," directs Professor Dick,
" is on the left side, in the central point between the lateral processes of the

lumbar vertebra, the spine of the ileum, and the last rib. Here the trochar may
be introduced without fear."

1801. The Cattle Trochar.—The trochar is represented in fig. 701. It consists

n^ 70I
of a round rod of iron a, 5 inches in length, terminat-

ing at one end in a triangular pyramidal-shaped point,

and furnished with a wooden handle at the other.

The trochar is sheathed in a cylindrical cover or case

6, called the canula, one end of which permits the

point of the trocliar to project, and the other end

is furnished with a broad circular flange. The
canula is kept tight on the trochar by means of a

slit at its free end, and the point being somewhat larger

in diameter than its own body, expands the slitted

end of the canula until the point projects, when the slit

collapses to its ordinary state, and the canula is kept secure behind the enlarged

point, as at c. On using the trochar, in the state as seen at c, it is forced

with a thrust into the place pointed out in par. 1800, through the skin into the

paunch ; and on withdrawing the trochar by its handle—which is easily done,

notwithstanding the contrivance to keep it on—the canula is left in the opening,

and retained in its place by the flange, to permit the gas to escape through the

canula. On account of the distended state of the skin, the trochar may rebound

from the thrust ; and in such an event, a considerable force must be used to

penetrate the skin. The spear of the trochar is 5 inches long, and the handle

4 inches ; and price, 3s. 6d.

1802. Read's Stomach-Pump.—The instrument represented in fig. 702 is on a

scale of | of full size. It consists of a sucking and forcing pump a, the body

being about 1£ inch diameter and 13 inches long over the nozzle or valve-

chamber. A flexible tube b 7 feet long, with brass ends, is screwed to the

nozzle, and at the extreme end has attached a small rose or bulb c pierced

with holes. When the tube is passed into the stomach, it passes through a

wooden mouthpiece <?, put into the mouth of the animal to prevent the tube

being injured. The fluid drawn from the stomach is ejected from the pump by

a hole at the side of the handle above the upper valve.

1803. When the pump is to be used for giving injections, the flexible tube b is

screwed to the hole in the side of the barrel, the rose c removed from the end,

and a wooden endf 10 inches long put on instead, while on the end of the pump e

is screwed a brass tube g 8^ inches long : the end of this tube is closed, but a nuin-

Digitized by Google



READ'S STOMACH - PUMP— FLAKES.

In this state the pump is

Fig. 701

ber of holes are pierced in the side to form a rose
similar to an ordinary enema syringe, and
is used in the same way.

1804. The price of Read's stomach-
pump, complete in a case, is £2, 10s.

1805. Wooden Hurdles for Sheep.—Fig.

703 represents two hurdles or flakes set as

they should be. The mode of setting them
is this, but in doing it the shepherd re-

quires the assistance of another person :

The flakes are set down with the lower
ends of their posts in the line of the in-

tended fence. The first flake is then
raised up by its upper rail, and the ends
of the post are sunk a little into the
ground with a spade, to give them a firm

hold. The second flake is then raised up
and let into the ground in the same way,
both being held in that position by tho
assistant. One end of a stay / is then
placed between the flakes near tho tops of
their posts, and these and the stay are
made fast together by the insertion,

through the holes in them, of the peg k.

The peg i is then inserted through near
the bottom of the same posts. The
flakes are then inclined backwards away
from the ground fenced, until their upper
rail shall be 3 feet 9 inches above the
ground. The stake e is driven into the
ground by the wooden mallet, fig. 706,
at such a point as, where the stay / is stretched out from the flakes at the
above inclination, that a peg shall fasten stake and stay together, as seen at g.

Fig. roa
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After the first two flakes are thus set, the operation is easier for the next, as

flake is raised after flake, and fastened to the last standing one in the manner
described, until the entire line is completed.

1806. Each flake of this construction, with its fixtures, consists of fourteen

pieces, viz., two side-posts a, four rails b, and three braces c and d d, which go to

form the single flake ; and one stay /, one stake g or c, and three pegs h or i,

which are required for the fixing up of each flake. The scantling of the parts

are the side-posts a, 4| feet long, 4 inches broad by 2 inches thick. The rails b, 9
feet long, 3£ inches broad by 1 inch thick. The braces d d, two diagouals 5 feet 2
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inches long, 2^ inches broad by £ inch thick, and one upright c, 4 feet long, and
of like breadth and thickness. The stay/ is 4£ feet long, 4 inches broad, and 2

inches thick, and bored at both ends for the pegs ; the stake gy 1 £ foot long,

pointed and bored. The pegs A, 1 foot long, 1^ inch diameter.

1807. The preparation of the parts consists in mortising the side-posts, the

mortises being usually left round in the ends, and they are bored at equal dis-

tances from the joining and stay pegs. The ends of the rails are roughly

rounded on the edges, which completes the preparation of the parts ; and when
the flake is completed, its dimensions are 9 feet in length, and 3 feet 4 inches

in breadth over the rails ; the bottom rail being 9 inches from the foot of the

post, and the upper rail 5 inches from the head.

1808. Another form of flake, which is by far more extensively employed,

though by no means the best, consists of the same parts, except that it has

always five rails, and the only material difference in the scantling is, that the

rails are all 1 J inch square. An essential difference also occurs in the prepara-

tion or manufacture of this kind of flake. The ends of the rails are all turned

round by machinery, and the side-posts are bored for their reception, as well as

for the pegs, by like machinery. The five rails in the flake are divided in

height as follows : The bottom rail 9 inches from the foot of the posts ; the

spaces between the first and second, and the second and third rails, are each 7

inches, and the two upper spaces are respectively 8 and 9 inches, leaving, as

before, 5 inches of the post above the upper rail.

1809. Flakes of this last description are extensively manufactured in Perth-

shire, where young larches are abundant, for of that wood they are generally

made. Their price, when sold in retail by fifties or hundreds, is Is. 9d. to 2a

each flake, including all the parts ; sold in pieces, the expense of putting the

parts together is usually 2d. each flake, including nails.

1810. The bar-flake, described in par. 1808, is not generally to be found in the

market, and is chiefly made to order ; the price about 2s. 6d. each flake, with

fixtures.

1811. Sheep Nets and Stakes.— The other method of enclosing sheep on

turnips or green forage is with nets made of twine of the requisite strength.

These nets having square meshes when stretched upon the stakes, usually

extend to 50 yards in length, and stand 3^ feet in height They are furnished

with a rope along both sides passing through the outer meshes, which are

called the "top" and "bottom rope," as the position of either may be at the

time. These ropes are wound round the stakes by a peculiar sort of knot

called the " shepherd's knot."

1812. The stakes are best formed of thinnings of ash-trees that have been

planted very thick together, and grown up long and small, and they should be

3 inches in diameter and 4 feet 9 inches long
;
allowing 9 inches of a hold in

the ground, 3 inches between the ground and the bottom of the net, and 3

inches from the top of the net to the top of the stake. Or they may be made

of larch weedings, 4 inches in diameter and 4 feet 9 inches long ; but every

kind of wood of which they may be made should be seasoned with the bark

on before being cut into stakes. They are pointed at one end with the axe,

and that end should be chosen to be pointed which will make the stake stand

in the same position as when it was growing in the tree; for its bark, it has

been found, is then in the best state for repelling rain.

1813. Stakes are driven in this way : If the ground is in its usual soft state,

the stakes may simply be driven into the ground with a hardwood mallet, fig. 706,

in the line fixed on for setting the net, at distances of 3 paces asunder. Should
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the soil be thin and the subsoil moderately hard, a hole sufficiently large for a
stake may be made in the subsoil with the foot-pick, fig. 382 ; but should the

subsoil be so very hard as to require a larger hole to be made than what can

easily be formed by the tramp-pick, or should the ground be so dry and hard as

to require the use of any instrument at all, the most efficient one for the pur-

pose is the driver, fig. 707. The stakes are thus driven so that their tops

may not be less than 4 feet high, along as many sides of the enclosure as

are required at the place to form a complete fence for the sheep.

1814. A net is set in this manner : Being in a bundle, having been rolled up
on the arms and fastened together by the spare ends of the top and bottom

ropes, these are unloosened and tied to the stake that has been driven close to

the fenoe, whatever that may be, and then the net is run out in hand towards

the right as far as it will extend in a loose manner, on the side of the stakes

facing the ground the sheep are to occupy. On coming to the next stake from

the commencement, the bottom rope gets a turn to the left round the stake, and
the top rope above it a similar turn round the same stake, so as to keep the

leading coil of the rope uppermost. The bottom rope is then fastened with the

shepherd's knot to the stake, 3 inches from the ground, and the top rope is

fastened with a similar knot near the top of the stake, stretching the net even
and upwards ; and in this way the net is fastened to one stake after another,

until the whole of it is set up, as it is called, care being taken to make the top

of the net run uniformly throughout its entire length.

1815. The shepherd's knot is made in this way : Let a, fig. 704, be the con-

tinuation of the rope which is fastened to the first
Fig. tm.

stake, then press the second stake with the hand to-

wards a or the fastened end, and at the same time

tighten the turn round the stake with the other hand
by taking a hold of the loose end of the rope d, and

moving it so as to cause it to pass under a at c, and
screwing it round the stake to b, where the elastic force

of the stake will secure it tight under a at b when the

stake is let go. The bottom rope is fastened first, to
*" "0T

keep the net at the proper distance from the ground, and then the top rope is

fastened to the same stake in the same manner. Proceed in this manner at each

successive stake until the whole net is set up. A net may be thus set up either

towards the right or the left as the starting-point may be situate, but in pro-

ceeding in either direction care must be taken to pass the top and bottom ropes

round the stakes, so as the leading corl of the rope is always uppermost towards

the direction in which the net is to bo set up. Thus, in fig. 704, the rope d
was uppermost until it was passed under a, because the setting of the net in this

case is from right to left, and it continues to be uppermost until it reaches the

next stake to the left. If both the cord and stake are dry, the knot may slip as

soon as made, but if the part of the stake at b where the knot is fastened is

wetted a little, it will make the rope keep its hold until the cord has acquired

the set of the knot. With a new rope that is greasy, and the stake smooth, it is

difficult for the knot to retain its hold even with the assistance of water.

1816. There are some precautions required in setting a net, besides this

of the ropes. If the net is new, the cords may be as tight as desired,

because they will stretch considerably ; but if old, the least damp or rain after-

wards will stretch them so as to cause them to break. If the net is at all in a
damp state, it should be set very tight, because rain cannot make it tighter

;

and if not set very tight, the first dry weather will so slacken the cords as to
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loosen all the knots, and make the net slip down the stakes ; but even if it

should not be slackened to that extent, it will be so slackened as to shake about
with the wind, and bag down and touch the ground. Such an occurrence will

create the trouble to the shepherd of resetting the whole net, and the best way
of avoiding this trouble is to have the nets in a dry state when they are set.

In wet weather, shepherds take the opportunity of a dry moment to set a
dry net in anticipation along a new break of turnips, and they also hang up
wet nets to dry on the outside of the stakes away from the sheep. Nets should
never be wound up in a wet state, even for a short time, as they will soon mould
and rot.

1817. On commencing the setting of another net, its top and bottom ropes
are fastened to those of tho last net, and the ends of the nets themselves are

brought together by interlacing the meshes of both with a piece of string, as at a
to b, fig. 705. Hero the knots in the top and bottom ropes are seen, and the twine
interlacing the meshes is made to appear stronger than that of the net only to

siiiir Ki r mkt rou conriMifu ftakkf* on ruiiwm

let it be perceived. Thus one net is set after another, until the whole intended

area is enclosed.

1818. Where there is a turn in the line of nets in going from one side of the

enclosure to another, if there is much of the net left at the turn, it should be

brought down tho next side ; in which case the stake at the corner should be

driven very securely down, as there will be a considerable strain upon it from the

nets pulling from different directions, and this will especially be the case in damp
weather. But the safer and perhaps better plan is to take a fresh net at the turn,

and fasten it to a stake, and run on the other net in its own line until it is expended

in setting for future use, or to coil it around the top of a stake. All surplus ends

of nets should be carefully hung upon the back of the stakes when wet, to dry and

get the air. Part of the nets will thus cross ridges, and part will run along a ridge.

Where they cross ridges that have l>een but once gathered up, or ploughed

crown-and-furrow, the bottom of the nets will be nearly close to the open fur-

rows ; but where they cross a gaw-cut in rather strong land, a stake or two should

be made to lie upon the bottom rope to keep it down, for some sheep have a

trick of creeping under the net when they find a suitable opening ; and where

nets cross ridges which have been twice gathered up, one stake should be driven

at one side of tho open furrow, and another at the crown of the ridge, and the

bottom rope will then run nearly parallel to tho surface of the ground.

1819. In setting nets, in whatever position, care should be taken to keep each

side of tho enclosure in tho same plane—that is, each side exactly in a straight

line, and tho surface of its nets perpendicular ; and the different lines should

meet at right angles to one another, so that every break of turnips occupied by
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the sheep should either be a rectangle or a square ; because the strain upon the

ends will then be equalised over the entire cords and stakes of each side, and
no undue pressure be exerted on any one stake. A shepherd who knows his busi-

ness so as to pay attention to these particulars, will preserve his nets and stakes

a much longer time in a serviceable

state, than one who is ignorant or

careless about them.

1820. The Wooden Mallet— The
shepherd's wooden mallet, fig. 706,

is best made of apple-tree, being

least apt to split. The mallet is 12

inches long and 6 inches diameter,

and the shaft is 3 feet long.

1821. The Driver.—The driver, fig. 707, is formed of a piece of pointed hard-

wood, and strongly shod with iron, in a conical shape, and rig.w.

sharply pointed, and its upper end is protected from splitting by the

strokes of the mallet, fig. 706, by a strong hoop of iron. The
drivor is altogether about 2 feet long.

1822. The English Hurdle.—The English hurdle is made of the

crack-willow (Salix fragilis), and whore that willow will grow, the

farmer may have poles enough every year for making two or three

dozen hurdles to keep up his stock. Hurdles can be bought ready-

made at 16s. the dozen ; when made at home they can bo made for

4d. a-piece ; and when the shepherd makes them they cost only

his time. Hurdle-makers go round the country, and make at 4d.

a-piece, and mend at 2d. each, finding their own tools.

1823. Willow - poles are thus treated in making hurdles : The
butt-end of the pole is first sawed off; 4^ feet lengths make a pair of heads

a a, fig. 708 ; 9 feet lengths make a pair of slots b ; 5 feet lengths make a pair

of stay-slots c c ; and 3£ feet lengths make a pair of uprights d. The hurdle

consists of two heads, six slots, two Fig. tor.

stay-slots, and one upright. The slots

b are mortised into the heads a, and the

mortises are made with centre-bit and

tomahawk. The lower slots are placed

nearer each other, as seen in the fig-

ure, and the strongest pair of slots are

chosen for the highest and lowest of

the hurdle. The top and bottom slots

are nailed to the head, and then the

upright is nailed on in the middle of

the hurdle, and then the two stay-slots are nailed on to the slots. The nails

are passed through gimlet-holes and clenched. The nails used are of the

best iron, large-headed, and are what are called /fne-drawn, not square, but

rather flattened, to facilitate clenching, on which much of the strength of the

hurdle depends.

1824. The cost stands thus: 100 poles at 16s. make 36 hurdles, which,

including workmanship and nails, cost £1, lis. 6d., or 10s. 6d. per dozen.

Although the horizontal slots are cut 9 feet long, the hurdle when finished is

only somewhat more than 8 feet, the slot-ends going through the heads : 2
hurdles to 1 rod of 16 feet, or 8 to 1 chain of 22 yards, are the usual allowance.

1825. A larger kind of hurdle called thepark hurdle, worth 2s. each, is made for
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Fig. 7081

subdividing meadows or pastures, and forms a sufficient fence for cattle. The
small hurdle, fig. 708, is used for sheep, the larger to fence cattle, whereas the

Scotch flake answers both purposes equally well, and is therefore more economical.

1826. An English hurdle is set in this way: The hurdles being carted to the

field, they are laid down flat end to end, with their heads next to,

but clear of, the line in wliich they are to be set, and, being light,

they are easily handled for any purpose. A right-handed man
works with the row of hurdles on his left. Having made a hole

close to the fence for the foot of the first hurdle witb the fold-

pitcher, fig. 709, which it an iron dibber 4 feet long, having a

well-pointed, flattened bit, in shape similar to the feet of the

hurdles, he marks on the ground the place where the other foot is

to be inserted, and then with his dibber he makes the second hole,

which, like all the others, is made 9 inches deep. With the left

hand the hurdle is put into its place, and held upright while

lightly pressed down by the left foot on the lowest slot. This

being done, the third hole is made opposite to and about 6 inches

from the last. The dibber is then put out of hand by being struck

in the ground near where the next hole is to be made. The
second hurdle is then placed in position, one foot in the open hole,

and the other foot marks the place for the next hole, and so on

1 throughout the whole row. When the place of the second foot

*\*W of a hurdle is marked on the ground, the hurdle itself is moved
out of the way by the left hand, while the hole is made by both

If hands. When the whole row is set, it is usual to go back over it,

if giving each head a slight tap with the dibber to regulate their

height, and give them a firmer hold of the ground.

1827. To secure the hurdles against the rubbing of sheep,

couplings, or as they are commonly called, copses, are put over the

heads of each pair of hurdles where they meet, which is a sufficient security.

These couplings are made of the twigs of willow, holly, birch, or any other

tough shoots of trees, wound in a wreath of about 5 inches diameter.

1828. Young's Wrought-iron Hurdles.—Fig. 710 represents wrought-iron

Fi(t.na hurdles of five round bars, as

manufactured by Messrs C. D.

Young and Co., Edinburgh. Each
hurdle consists of three strong up-

rights, one at each end, and one

intermediate between these. The
lower extremities of the end sup-

ports are made with a strong double

knee, terminating in a prong, this

varying in length from a foot up-

wards. The middle upright is

simply continued to a point, and twisted so as to present its flat side to the

pressure. The horizontal bars—in the majority of instances round, but in

some cases square, set diagonally—are " tannered " at the ends by machinery,
which takes off the least possible proportion to form a shoulder for riveting

them to the uprights.

1829. In erecting the hurdles, the two end uprights are placed against each
other, the knees being in opposite directions ; a series of double prongs is thus

formed, which, being fixed in the ground, render the hurdles self-supporting, and
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Fig. 712.

obviate the necessity ot using stays. In coarse of erection, the hurdles are

fastened together by means of bolts and nuts, the bolts passing through bolt-

holes made in the end uprights.

1830. For horses, cattle, sheep, and lambs, the price of this form of hurdle is

from 2s. to 4s. per lineal yard ; for sheep and lambs

only, 2s. 6d. to 3s.

1831. Barnard and Bishop's Sheep/old Hurdles.—
Messrs Barnard and Bishop manufacture a sheepfold

iron hurdle invented by Henry Gilbert of Kensington,

Middlesex. They are 12 feet long, are perfectly flat,

and are easily removed from place to place by means
of a light iron wheel, which is readily attached to

each hurdle. Price, 16s.; the cost of a wheel, 10s.

1832. Wire-Netting.—As a substitute for the twine

nets used for enclosing sheep on turnips, wire-netting

is now much used. In fig. 711 we give an illustration

of Messrs Young's strong premium wire-netting for

sheep; its height is 3 feet, and the price per lineal

yard is Is. 3d.

1833. Fig. 712 illustrates the "mixed mesh-wire

game-netting," manufactured by Messrs Barnard and
Bishop, Norfolk Wireworks, Norwich. By making the

upper part of the netting of a larger-sized mesh than

the lower, the price is proportionably reduced ; to

work together, the upper mesh must be twice the size

of the lower. This can be made to any height under

8 feet. With meshes 1 and 2 inches, wire No. 19,

the price per lineal yard, 2 feet wide or high, is 9cL

when japanned, lo.i.l. when galvanised ; with meshes
1 A inch and 3 inches, No. 19 gauge, 5d. and 61. ; with

moshes 2 inches and 4 inches, No. 19, 4^d. and 5\d.

1834. In fig. 713 is given the f-inch mesh wire-

netting, manufactured also by Messrs Barnard and
Bishop, suitable for various purposes; the price per

square foot, wire No. 20, being 5£d. japanned, and 6d.

galvanised.

1835. In fig. 714 is illustrated a recently-introduced form of spiral wirework,

invented by Mr J. Reynolds,

of 27 New Compton Street, .

Soho, London. It is made of

hard twisted wire, galvanised

after being manufactured.

From the way in which the

twisted wires are interlaced,

no other fixing is required.

1836. Macpherson's portable

Sheep-Hurdle.—A new kind of

sheep-fence has lately been

invented by Mr Alexander

Macphorson, Old Mill Cot-

tage, Carstaira, Lanarkshire.

embracing within their strands thin fillets of wood placed at such distances

Fig. 71S.

Fig. 714.

It consists of a series of four parallel ropes,
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as are desirable for a fence. Figs. 715 and 716 show the appearance of this

fence, where a, a are stakes, to which the ropes b b, are fastened by means of
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hooks to staples driven into the stakes : c c are fillets of wood embraced in

the strands of the ropes. The fence is made by machinery, the ropes being

spun from tarred twine, and the fillets are inserted between the strands of the

twine while the rope is being spun at such distances and of such lengths as

is desired to make a fence of determined dimensions. In fig. 715 the fillets c are

of larch prepared in a saw-mill, and thoso c of fig. 716 are of spruce branches,

which are well known to be the most durable of small round timber.

1837. In setting this fence the material is divided into lengths of 10 yards,

where stakes a are driven provided with staples. The ends of the ropes b of that

length have hooks, which lay hold of the staples on the stakes, and the ropes are

supported by a stake at every 2^ yards. The fillets of timber are 3^ feet long and

| or | inch Bquare. If desired, the intermediate fillets may be made shorter, as

seen in the figures. The staples of each stake take in the ends of two lengths

of rope of 10 yards long. Two men will erect from 800 or 1000 yards a-day,

and 1000 yards weigh 40 cwt. with their stakes. The tarred hemp for every 1(H)

yards of fencing costs from 12s. to 24s., according to weight and strength. The

cost of the fence is from 6d. to lOd. per yard according to the same conditions.

1838. Mr Macpherson's fence-maclune can spin wire instead of the hemp-cord,

rig. 717. and make a fence with annealed or galvanised wire that will last

for many years.

1839. It seems to us that this sort of fence with wire, or even

with the tarred hemp-cord, would make an excellent fence in

high pastoral districts along march-fences, where both wood and

stone may not be at hand, its closeness securing sheep bettor

than a common wire-fence ; and if it were erected on a turf wall,

even black-faced sheep might be confined within the bounds of

their hirsels, without much trouble to the shepherds and their

dogs, and much quietness to themselves.

1840. The Shepherd's Crook.—The crook is a useful implement

to the shepherd for securing any individual sheep he may desire

to seize without disturbing the flock. It consists of a round rod

of iron bent in the form as shown in fig. 7.1 7, and terminating at

one end in a knob, and at the other in a socket which receives

a helve of 5 or 6 feet in length. The crook, as placed in the

figure, is held by the shepherd so as to seize the near or left

hind-leg of the sheep, which enters by the narrow passage a

into the wider space towards the top of the crook, out of which the leg easily

escapes when the sheep has been seized by the shepherd.
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1841. Turnip-Troughfor Sheep.—Fig. 718 is a simple and convenient form of

trough for containing the turnips as

they fall sliced from any of the turnip-

slicers. Its most convenient length is

8 feet, and it should be acute at the

bottom, for the more easy seizure of the

pieces of turnip by the mouths of the

sheep, and it is so made by nailing two boards, of 9 inches in breadth, upon the

two triangular-shaped ends, and in the niches formed in the two billets of wood
to serve for feet. The troughs are set in a line along the outside of the two

rows of turnips about to be pulled for slicing. The wheelbarrow tur-

nip-slicer, fig. 535, is wheeled to fijc.tw.

each trough successively by one

field-worker, who works the handle,

and the hopper is filled by another

worker who tops and tails the tur-

nips. The sheep range themselves

on both sides of the trough.

1842. Corn-Trough for Feeding

Sheep. — Sheep, while on turnips,

are fed with other substances, such
as oilcake or corn. Either of these

is best served in a covered trough,

such as fig. 719, to protect it from

the weather. Its construction is

very much like fig. 718, with the ad-

dition of the ends and backs being

raised, and the top covered in.

1843. The Platform Corn-Boxfor
Sheep. — An ingenious mode of

preserving corn dry for sheep on
turnips has been tried with success

;
in Fife. It consists of a box like a

hay-rack, fig. 720, in which the

corn is at all times kept closely

shut up, except when the sheep wish to eat it, when they get at it by a simple

contrivance. Into the box a b the corn is poured through the small hinged

lid y. The cover c rf, concealing the corn, is also hinged, and when elevated

the sheep have access to the corn. Its elevation is effected by the pressure of

the sheep's fore-feet upon the platform ef which, moving as a lever, acts upon
the lower ends of the upright rods g and A, raises them up, and elevates the

fore part of the cover c c?, under which the heads of the

sheep then find admittance into the box. A similar

apparatus gives them access to the other side of the

box. The whole machine can be moved about to con-

venient places by means of the four wheels.

1844. The construction of the interior of the box
being somewhat peculiar, another, fig. 721, is given of

a vertical section of it, where b is the hinged lid by which

the corn is put into the box, whence it is at once received

into the hopper rf, the bottom of which, being open, and

brought near that of the box, a small space only is left for the corn to pass into
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the box, the hopper d forming the corn-store ; a is the cover of the box raised on

its hinges by the rod fy
acted upon by the platform e /, fig. 720, and when in

this position, the sheep put their heads below a at c, fig. 721, and eat the corn

at d.

1845. KirkwoocCs Wire Sheep-Fodder Back.—In fig. 722 we give a view of a

ng ^ wire sheep-fodder rack manufactured

by Mr James Kirkwood of Tranent. It

consists of wirework, the body being 6

feet long, 2 feet 9 inches wide at top, 8

inches wide at bottom, and 2 feet Sh

inches in depth. The cover consists of

sheet-iron, curved to throw off the rain,

and the fodder is put into the rack by
throwing open the hatch a in the cover.

The refuse from the fodder, such as

hay, falls upon the troughs b b, made
also of sheet-iron, and may be eaten by
the sheep, and at all events saved from

being trodden into the ground. The troughs are provided with a hole at each

end to allow the rain to drain off, and might be used in dry weather for hold-

ing salt, oilcake, or corn for the day. The machine is mounted on axles

and wheels, and may be moved to any desired spot. The price of it is

£4, 11b.

1846. Sheep Straw or Hay Rack.—Fig. 723 gives a very convenient form

of straw-rack for sheep on

turnips, containing plenty

of straw at a time, admit-

ting the straw easily into it,

being easily carried about, of

easy access to the sheep, and

being so near the ground as

to afford excellent shelter to

them. Three or four of these

racks may be so placed as to

afford ample shelter to a large

number of sheep in a stormy

period.

1847. It is made of wood, 9 leet in length, 4^ feet in height, and 3 feet in

width, having a double-sparred rack, and covered with an angle roof to throw

off the rain. The rack is supported on two triangular-shaped tressles b b, shod

with iron at the points, which are pushed into the ground and take a firm hold

of it, and act as stays against the wind. The billet c, attached to the middle

of the bottom l>ar of the rack, rests upon the ground, and supports the rack from

being bent down in the middle. The lid a is opened on hinges when straw is

put into the rack. Such racks, even when full of fodder, are easily moved
about by two persons, and, as a means of shelter, their position should be

changed with a change of wind.

1848. The Ewe-llouse.—In case ol an individual ewe of a large flock of a

pastoral farm straying from its shelter-Bhed, or suffering in hard labour, or

having a weakly lamb or twins which are apt to stray from her, or being over-

taken by a rude blast after lambing, a temporary shelter to such a ewe may be

the means of saving the lives of herself and lambs. Mr Nicholas Burnett,
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Blaik Hedley, near Gateshead, has used such a shelter with success

;

such a structure as is seen in fig.

724 is not costly, a number may be

used at a time.

1849. It consists of an enclosure

of boards, or a box, fig. 724, where
a is the front, removable by hooks
to admit the ewe and her lamb ; b is

a manger to contain cut turnips, or

corn, or oilcake ; c a rack for hay.

To fill both rack and manger, access

is found by the lid d on its hinges.

1850. Its dimensions are 5£ feet

long, breadth 3 feet, height 3 feet

;

breadth of the covered part d 2 feet

7 inches, and rise of the slope at d 7

inches. The hook e serves to se-

cure the ewe to the ground by the

neck while lambing, but is not a ne-

cessary appendage to the ewe-house.

1851. The Bathing -Stool.—A useful implement in bathing sheep
bathing-stool, fig. 725, which is made of the best ash. It consists of a

and as

»WI UC 'HI

is the

Feat a,
for the Bhepherd to sit on while bathing

the sheep, 1 foot square ; the sparred

part is 3 feet long, and 30 inches wide
in front from b to c, its greatest width

being across at d. The legs e e are 18

inches high, and fixed by means of iron

rods passed through their upper part

and the frame of the stool, and secured

with nut and screw.

1852. The Bath-Jug.—A tin flask,

easily holding a quart, and provided

with a handle and a long crane-like

spout, small at the end, is used to pour

the bath along the shedded rows of the

fleece, and is represented by fig. 726.

1853. The Wool-Shears.—The instru-

ment by which wool is clipped off sheep

is named wool-shears, as seen in fig. 727.

They require no particular description

farther than to explain that the bowl a,

which connects the two blades, acts as

a spring to keep them separate, while the

pressure of the hand on each side of

the handle b overcomes the spring and
brings the cutting edges of the blades

together. There are wool-Bhears which

have additional springs placed between

the handles b to separate the blades

more forcibly, but are not so agreeable w^huum.

to the hand as the simple bent spring a. Sometimes the spring of a is as strong
2 L
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Fig. ?sa

as soon to tiro the hand, to relieve which a piece of cord is wound Blackly round
the handles. Strong shears are more easily worked if held near the blades ; but if

the backs of the bladeg are pressed upon, they will soon hurt the hand. When
not in use, the blades are held together by their points being passed through a

ring of leather. A rng-stone is used to sharpen wool-shears. The cost of the

shears is from 2s. 6d. to 3s. 6d. a pair. A shepherd requires two or three pairs

to do other jobs, as to remove clotted locks of wool, and he makes it a rule to

use the clipping-shears on no other occasion than at the regular shearing.

1854. The Punching - Nippers.—P'ig. 728 are the punehing-nippers, used for

marking lambs, of which the in-

verted hollow cone a, having its

small end sharpened, is employed to

cut the hole out of the ears ; and to

save the ears from being unduly
pinched, a pad of horn b is inserted

into the straight under-arm of the
^ s nippers, and the pieces nipped out

rise out of the orifice e, which is en-

larged at the upper end. The fig-

ure at once shows how the instrument is used, being similar to the one used

by shoemakers to punch holes into the lappets of shoes, through winch the

shoe-ties are passed. It costs 2s. 9d.

1 855. The Buisting-Iron.—Buisting consists of stamping a letter or letters,

Fig. tm. expressive of the initials of the name of the owner or of that

of the farm, or of both, upon the body of a sheep. The buist

or mark is effected by a simple instrument a, fig. 729, which

carries the capital letter 8. The material of which the buist

is made is boiled tar, made viscid by a little pitch, and is put

on when hot.

1856. The Branding Iron.—Fig. 730 represents an iron

having the letter S on it, which is used for branding the

initials of the owner or of the farm upon the horns of cattle

and sheep. It is made red hot in the fire when the brand

fis effected on the horn. On the continent of Europe such

a brand is not unfrequently seen upon the skins of horses

I . and cattle.

\
& 1857. The Trochar for Hydatids.— Sheep are at times

) affected by a complaint named the sturdy. It is caused by

BB»nao *»t> Bi»*Ki>.
th® lodgment of an hydatid on the brain. The hydatid is

t»» ino>» removed and the cure of the sheep effected by the instru-

ments represented in fig. 731. The disease causes the sheep to appear stupid,

turn round and separate itself from its neighbours.

On examining the head between the ears a softening of

the skull will probably be discovered on a limited

spot, which is the seat of the disease. The trochar

a, with its canula 6, is inserted through the soft part

of the skull, and it will pierce the hydatid. On
withdrawing the trochar and leaving the canula, the

pipe of the syringe c is introduced through the canula

to the hydatid, and its watery substance is sucked up
by the syringe. The canula is then withdrawn, and
the sac of the hydatid is extracted by the pliers d.

Hg. 731.
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When the bone of the skull is not very soft, the piercer e is used to make the hole

in it for the trochar, the guard of tho piercer being placed at such a distance up
its screwed shank as to allow tho piercer to reach no farther than the hydatid.

1858. The Corn-Chest.—The most convenient form of com-chest for horses is

when it is high and narrow, as is shown
Klg ^

in fig. 732, which takes up less room
on the floor than when low and broad.

It is 5 feet long, 4£ feet in height at the

back above the feet. A part of the front

b folds down to gain easier access to the

corn as it gets low in the chest. Part

of the lid a is made fast to receive the

end of the spout c, which has its upper
end in the floor of the granary above

;

and to make the movable part lighter to

open and shut, tho lid is fastened with

a hasp and padlock.

1859. The Whin-Bruiser.—Fig. 733
represents a sort of rammer that may
be used for bruising whins or furze

when horses are fed on that species of

food. It consists of a shank of wood a,

3 feet 8 inches in length, a bulged-out part b, to give the instrument weight
on being used, and a base c, which iB contracted into a square, and shod with
an iron shoe embracing parallel iron-cutters, 1 inch asunder and 3 inches deep,

and sharpened at their lower edge.

1860. Old whin-plants growing in a fir plantation afford the longest and most
succulent and tender shoots for being bruised into fodder for horses.

rig. 78a

Pig. 7M.

CORK.CUESI
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1861. The Curry-Comb, $c.—Fig. 734 gives a collection of necessary imple-

ments for the stable, whether of the farm horse or the riding stable : a is the
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foot-picker for picking the feet clean, b the curry-comb for removing the grosser

dirt from the hair, c the brush for sweeping the loose dirt out of the hair, and

d the mane-comb for dressing the long hair of the mane and tail. Every
ploughman and groom should be provided with these necessary implements.

1862. The Water -Brush.—The water-brush, fig. 735, is useful in washing
down the mud off a horse's legs and
belly with warm or cold water in winter,

instead of wading the horse through

a pond, and it removes the mud from the

skin much more quickly and effectually

than any amount of wading in water.

1863. Docking-Iron.—Young horses

are docked before being put to work on

the farm. Docking consists in ampu-
tating the last six joints of the tail, and is effected by the instrument repre-

sented in fig. 736. A docking-iron consists, first, of a semicircular plate of iron

with a sharp edge on the curved side, to one side of which is fixed a handle of

wood in a split socket, and at the other side is

forged an eye for a joint
;
and, secondly, ofa piece

of hardwood, out of one end of which is cut a

semicircular notch of less diameter than the cut-

ting plate of iron, and the other end is lengthened

out into a handle. A double-eyed stud of iron is

fixed at the farther end of the notcli, and into

tliis is jointed the eye of the cutting -plate.

The tail of the horse, as far as it is desired to be amputated, is made to rest in

the semicircular notch, and the cutting-plate being brought upon it, is pressed

with a firm and decisive force on bringing together both the

handles. The horse's tail is prepared for the operation by
clipping away the hair from the part on which the cutting

instrument is to act.

1864. Fleam and Blooding-Stick.— In case of sudden
inflammation in either cattle or horses, a fleam and blood-

ing-stick, to let out blood, are necessary instruments to be

always in the possession of the farmer. Fig. 737 repre-

sents these instruments : a is a fleam for young animals,

—

b, that for the horse being small ; c that for cattle being
large ; d is a lancet ; e is the blooding- stick, of hardwood

turned, having a cylindrical end enlarged for weight to give impetus to the blow
upon the fleam. Fleams are sharp-pointed triangular blades of steel inserted

each into the edge of a thick short bar of iron.

1865. The Balling-Iron.—It is necessary at times to give a
medicinal ball to a horso, and as few grooms are expert at admin-
istering a ball without assistance, a balling-iron affords them that

assistance. Fig. 738 represents the form of a good balling-iron :

a a, a branched round rod of iron, is fixed to a hooped handle
b by means of a tine, and a circular ring c of the same description

of iron is fixed between the branches. The instrument is used
by inserting it by the handle in a horizontal position into tlie

horso's mouth, and on turning the handle down, the circular ring

acting on the inside of the mouth, opens it, the lower jaw pass-

ing into the opening d, while the upper rests on the ring at e.

Fig. 737.

FlK. 738.
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The hand, with the ball, can then with safety be introduced into the mouth
through the ring c.

1866. The Ball-Syringe.—Even with the assistance of the balling-iron, fig.

738, a ball may not be easily administered to a refractory horse; a ball-syringe,

fig. 739, may then be used with advantage. It consists of a hollow tube a of

wood, terminating with a cylindrical cup, b or c,

of a different size at each end. An iron rod

traverses the hollow of the
e

Fljf. 739-

Fig. 740.

Fig. 74L

be, of a length 1

longer than the tube, and furnished at each end
with a circular hollow diso dore, of a diameter equal to that of the cylindrical

cup which receives it. The ball to be given to the horse is put either into b or c,

a small one into c and a large one into 6, the rod being drawn back to permit the

full entrance of the ball into the cup. The tube is then introduced into the

horse's mouth through the ring c, fig. 738, as far as practicable, and the ball is

projected into the gullet beyond the tongue by a push of the rod d e.

1867. The Clyster-Funnel.—The old syringe, and bladder, and pipe, will now
be laid aside to use the runnel as constructed in

fig. 740, when a clyster is to be administered to a

horse or cow. The funnel consists of an ordi-

nary-shaped cone of tin, furnished with a tin

pipe bent at right angles, and terminating in a

nozzle of wood. On inserting the nozzle, the fluid

is poured into the funnel, and simply by gravity

finds its way by gentle degrees into the bowels

of the animal.

1868. The Round Pigs'-Trough.— hi fig. 741 we illustrate a form of pigs'

trough for standing in the

middle of a court. It is

made of cast-iron in ono

piece. The diameter of

this trough is 30 inches,

the edge a b is finished with

a round baton, serving

both for strength and com-

fort to the animals who
eat out of it ; the depth

is about 9 inches, and

it is divided into eight

compartments by the divi-

sions c, which are formed

with a convexity on the upper edge, to prevent the food being thrown from

one compartment into the other. This trough stands upon the top of the Utter,

is not easily overturned, the cattle cannot hurt themselves upon it, while

it is easily pushed about to the most convenient spot for it to stand.

1869. The Subdivided Pig-Troughs.—A very convenient trough for a number of

feeding pigs has been long mamifactured by the Shotts Iron Company, of which

fig. 742 is a view in perspective from the interior of the court. It is nearly all made

of cast-iron, and possesses the great convenience of allowing the troughs to be

filled with food from the outside of the building, the feeder being at the same

time free of any annoyance from the inmates. Troughs of this kind are placed

in proper-sized openings in the external wall of the piggery court, in the man-

ner shown in the figure, where a marks the wall on one side of the opening

—

ROUKD FIO* -TttCOMll. TO ITiHD IM A COURT.
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that on the hither side being left ont of the figure, in order to exhibit the form

of the trough. The trough, part of which is seen at 6, is 4 feet in length, 16

inches wide at top, and 8 inches at Iwttom, and is 9 inches deep. The two ends

not tbocqub. wim »uom. isiow* ic BTAttb ik 4» ortxiNo ormauuisk W41X urtm «ir.

c and d rise in a triangular form to the height of 3^ feet, and are connected at

the top by the stretcher-bolt e. The lower part of each end extends inward to

f g, making a breadth of 3 feet 4 inches when complete ; but tliis part of the

end g in the figure is broken off, to show part of the trough b. Two interme-

diate divisions h h divide the trough into three compartments—these divisions

extend to the same length as the ends /g, and are all 21 mches in height. By
means of these divisions, each animal, when there are more than one together,

has its own stall, and can take its food undisturbed by its neighbours. A
Bwing-door t is jointed in the pivots k k to complete the form by filling up the

opening of tlio wall. In the figure tins is tin-own outward to the full extent,

where it always stands during the time the animals are feeding, and is fixed

there by a slide-bolt in the inside. When food is to be introduced, the bolt is

withdrawn, and the door moved from that position to and then bolted till the

compartments of the trough are cleaned and rilled, when the door is again

swung back to its original position, and the food is placed before the animals.

The door has slits in it corresponding to the divisions h h, to allow of its swing-

ing freely, and yet to have depth sufficient to close the entire opening down to

tho outward edge of the trough. A dowel or stud m is let into the wall to

secure the upper part of the trough.

1870. The Dead-Hedge.—A dead-hedge is formed of tho smaller branches ot

a hedge that has Ixsen cut down. It is represented by fig. 743. Bundles of

the cut thorns are mado about 4 feet long. A trench is made in the ground as

at a, by the spade, in the line in which it is desired to orect the dead-hedge.

The thick end of the bundle is inserted into the trench, and earth from the

succeeding trench is thrown upon the end of the bundle. Tho trench will be

about 9 inches in depth, so that the dead-fence will stand about 3 feet 3 inches
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in height. The figure does not give tho dead-hedge in so massive a form as it

really has, but the ground on which it

stands being given in section, the

position of one bundle with the others

ia distinctly enough Bhown.

1871. The Stake-and-Rice Fence.—A
stake-and-rice fence is formed of ordi-

nary stakes and the branches of forest

trees. It is seen in fig. 744, where a a

are stakes, 4 h feet long and 4 inches

square, and, afterbeing pointed with the

axe, are driven into theground in the line

of fence desired to bo erected, from 4 to

6 feet asunder, according to the length

of the branches. The branches are then

setwith their butt-ends upon the ground

as at b, and inclined in the fence at an

angle of 45°, and wound alternately be-

fore and behind the stakes as far as

they will reach. A neat and stout

finish is given to the fence by nailing

a single rail of paling along the top of

the stakes, as at c.

1872. The Common Wooden Paling.—The paling is a very common mode of

fencing where wood is at all plentiful; and where such is the case, it forms a cheap

fence at first, and will last several years. Fig. 745 represents a three-railed paling.

Fir trees of 8 inches in diameter afford F!jf.:«.

good materials for palings on being quar-

tered for stakes of 4^ feet in length, and

cut up in deals of 3^ inches broad for pal-

ings. The stakes a are driven 12 inches

into the ground with a mallet, fig. 706,

at 5 or 6 feet asunder; and when the

ground is hard, a hole should be made for them by the foot-pick, fig. 382, or

with the driver, fig. 707, and such stakes will support a paling of3 feet 3 inches

in height. Two rails are sufficient to fence cattle, but three are required to

make a close enough fence for sheep. The rails are nailed on the face of the

stakes next the field to be fenced, and they should be made to break joint, so

as tho ends of all the three rails should not be nailed on the same stake ; nor

should the broad ends of the rails be nailed together, but tho broadest and
narrowest as at 6 6 6, that the strength and weight of the rails may bo equalised.

To make the paling more secure where desired, a stake should be driven as a
stay in a sloping direction behind the rails, and nailed to every third stake.

The upper edge of the upper rail should be fastened near the top of the stake,

the lowest edge of the lowest one 6 inches, and the upper edge of tho middle

one 20 inches from the ground. The best nails for palings are called " Scotch-

made stout paling-nails," from 3 to 3^ inches in length. Such a paling, when
wood is plentiful, costs Is. 2d. per rood of 6 yards, and where it is scarce, 2s.

per rood. Charring the points of the stakes increases the cost, but renders

them much more durable. Painting them as far as they are driven into tho

ground with coal-tar allowed to become dry, is perhaps as good a means of

preservation.

tllUkuS Wu-iu.N fAUHU,
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1873. The Common Wooden Field- Gate.—The wooden field-gate, represented

by fig. 746, is the most common form of field-gate in this country. It consists

of a strong stilo a c, upon which the

gate acts ; a light stile c d ; five hori-

zontal bars, such as e c and a d ; an up-

right bar in the middle b ; and two
diagonals a b and d b. The principal

stile a e is furnished at the top-rail with

a band of iron, the tails of which em-
brace both sides of the stile and raiL,

and is fastened to them by bolts and nuts.

The eye of the band is hung upon the

crook fastened to the hanging-post d of the gate, fig. 73 (which see). The lower

end of the stile a e is supported upon a heel-post of iron, consisting of tails

which embraco the stile, and are fastened to it with bolts and nuts, and of a

triangular palm of iron kneed at right angles to the tails, as seen at a in

the figure, and at the apex of which palm is forged at right angles a pin which

rotates, as the gate is opened or shut, in a shallow hole on a strong hard stone

placed there on purpose to support the entire weight of the gate. In order to

allow the gate to remain steady in any position, the centre of the eye of the band

e, and the axis of the pin of the heel-post a, must range in a perpendicular

line. Wo have shown, in par. 254, that this form of wooden gate is con-

structed contrary to principle.

1874. The Iron Field-Gate.—Gates of iron in the fields are not so common
as of wood, but they are increasing,

and it is not improbable they may yet

supersede the wooden. Fig. 747 repre-

sents a good form of iron gate for fields.

The gate consists of six parallel bars

of iron, such as / b and a g. These
are fastened together at both ends by
means of the stiles of iron a/and b g.

The bars are prevented from twisting by the three transverse bare of iron,

such as c d. The fore stile b g cannot drop because of the diagonal bar of

iron a b. The gate is supported by the strong post of iron at a /, and which

is strengthened in its position by the stay e, rising from the ground to two-

thirds of the height of the post. The gate closes upon the iron post at b g.

For a demonstration of the correctness of the principles upon which this

iron gate is constructed, see par. 329.

1875. Hedge-Bills and Axe.— Hedge-
bills have flat, broad, curved, pointed,

blades of iron, hardened into cutting edges,

and terminating at one extremity by a
split socket, into which a flattened helve

of ash is fixed, a, fig. 748, is the switch-

ing-bill for switching off the superfluous

shoots of hedges; its curved blade is 9

3 inches long and l\ inch broad ; ite helve

2 feet 3 inches in length : this bill weighs

2^ lb. b is the breasting-bill for breast-

ing over hedges ; it is shorter in the blade,

but is stronger and heavier than the switcher, and costs from 3s. the English

Fig. 7*&
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Fig. 7«.

to 7s. 6d. the Scotch price. The Scotch-made implement is much the better of the

two. The hedgor's axe c, weighs 3 lb., and its helve is 3 feet in length, and

costs from Is. 8d. to 2s. 6d. without the helve, ranging from No. 1 to No. 4.

It is used for cutting down old hedges to the ground.

1876. The Mole-Trap.—The long used cylindrical wooden mole-trap is becom-
ing obsolete, and new forms and material have been introduced to supersede it.

,Among the best of these introductions is that in fig. 749, which is

made entirely of iron. It consist of two jaws a a, as shown in the

figure, connected together at b by a joint. Above the joint 6, and

between the arms, is placed a double plate of steel c, which acts

as a spring. The instrument is set upright, as in the figure, in

the run of the mole, and the mole, meeting with the obstruction,

pushes forward, and displaces the small notched plate rf, which is

eet between the jaws to keep them separate, and the spring c

close ; and on the removal of the plate d by the mole, the spring

c, on being released, forces the jaws a a to close upon the mole

and to kill it.

1877. Rook-Battery.—In fig. 750 we illustrate a form of rook-battery. Gun-

powder is the most effectual means of any of scaring birds from fields. Rags
steeped in a solution of gunpowder, dried, and placed on the windward side

of a field, will act as a scare as long as they

last, but the renewal of them is troublesome.

We contrived an apparatus, which we named a

rook-battery, to keep up a fire throughout the

day, with little trouble. It is seen in perspec-

tive in fig. 750. It consists of a circular plate

of strong tin, a b, eighteen inches in diameter,

upon the circumference of which is soldered a

hoop of equally strong tin, 3 inches in height,

and through which are pierced twenty-four em-
brasures, three quarters of an inch square each,

at equal distances from one another. At each

embrasure is mounted a brass cannon, 4 inches

in length, upon a carriage soldered to the

bottom - plate, and removable at pleasure by
means of a clasp. The plate and rim are covered

by a conical tin top, c, similar to the cover of a street lamp, with an eavo pro-

jecting one inch to prevent the drip of rain running down the rim. The cover

is surmounted with a cylindrical lantern </, 2£ inches high, pierced with holes.

The cannon are loaded with fine gunpowder, and wadded with woollen wadding
to prevent its ignition. They are fired with a match consisting of cotton thread

dipped in a solution of saltpetre ; and the thread is brought over and held

upon the touch-hole of each cannon, by a bit of copper-wire attached to the

carriage. The match-thread is made longer and shorter as the time is deter-

mined on between the discharge of each cannon ; and to dispose of it for this

purpose, the central part of the plate a b is divided by perpendicular partitions

of tin, so arranged as to form numerous alleys, along which the match-thread ifl

made to traverse at such length as to burn down in time to reach the touch-

hole at the given hour. Plate a b is affixed to a circular board «, 9 inches in

diameter, and 1 inch in thickness, and in its circumference are attached three

legs, ///, which support the apparatus in tripod form, at such a height as to

elevate the apparatus above the standing corn.
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1878. The battery is placed in the part of the field most frequented by the

rooks, and where it may best be seon. Suppose that the guns are loaded and

the match lighted at five in the morning, and that by eight at night it is time

to cease firing, which is fifteen hours, in which time thirty-seven and a half

minutes will require to elapse between the discharge of each of the twenty -

four cannons. Such discharges are much more to be depended on for regularity

than the firing of any fowling-piece by a herd-boy. Batteries could bo made of

any size, and to fire as often as desired; and the smaller-sized ones, when longer

in use than the firing of all the cannons can reach the time, these might be

loaded oftener than once a-day.

1879. In addition to the discharges of the guns, if a piece of woollen rag,

steeped in a solution of gunpowder and dried, were placed in a cup of tin at d,

immediately below the lantern of the cover, and set fire to, the smoke arising

from it would still further intimidate the rooks, and enable the discharge of the

cannons at longer intervals to suffice. Both these means would also serve to

intimidate pigeons and small birds.

1880. The position of the battery should be changed every day, and a piece

of laid corn is the best spot for erecting it on to be most seen from a distance.

It may be set amongst potatoes, as also in a plot of turnips growing for seed.

1881. The number of such apparatuses required for a farm would depend

on the number of the cornfields subject to the attacks of birds, and also on the

succession in ripening of the different crops.

1882. Suction-Pump.— In fig. 751 we illustrate a

form of the sucking or suction pump ; the following

is a description of its parts and mode of operation.

The pressure of the atmosphere explains the action

of the common sucking-pump. The plunger, by its

upward movement, withdraws the air from the

chamber of the pump, and the air, pressing on the

water in the well, causes it to rise and fill the chamber
vacated by the air. The air cannot force the water

higher than 33.87 feet. The pump-barrel is at a a,

the water-chamber and cover with exit-pipe at b b
;

c c the working handle, vibrating on a stud on the

snug d ; e the piston-rod attached to the piston fy

the valve of which opens upwards
; g the lower valve,

also opening upwards; h the pipe leading to the

well, the length of which should not, of course, for

the reason just given, exceed 33.87 feet. The action

of the pump is as follows : Supposing the piston / at

the bottom of the working-barrel a a to be drawn
upwards by depressing the outer extremity of the

handlo c, this movement causes the valve g to open
upwards, through which the action of the ascending
piston draws air, which, creating a vacuum, admits of

the water being forced by the atmospheric pressure

up the tube A, and is afterwards u drawn," as the tech-

nical term has it, up by the pistonf ; on the piston-rod

e reaching the top of the working-barrel a a, the space
-h hi^ "k H«r-,o,i.i. between the piston/ and the valve g is filled, or nearly

I iu, u : 3 mr foc
gQ^ w

-

tji water Qn deprogging the piston /, by rais-

ing the outer extremity of the pump-handle c, the pressure of the water opens
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the valve of the piston, and closes the valve g ; and as the piston descends, the

water passes from the lower to the upper side of the piston/. On the piston /
reaching the bottom of its stroke, the water occupies the space in the work-

ing-barrel above the piston. On raising the piston / by the piston-rod e

and handle c, a double action ensues ; the valve of the piston/ is closed, and

the water above it is gradually lifted from the working-barrel a a, and passed

to the chamber b 6, from which it flows by the exit-pipe b ; while this is going

on, the valve g is opened, and the vacuum beneath the piston being again

formed, the water from the well, passing up the tube h, follows the piston /, and

fills—on the piston reaching the upper part of its stroke—the pump-barrel, as

before. In the figure the piston/ is shown in the act of descending.

1883. Pump-Plunger or Piston.—In fig. 752 is illustrated the construction of

the pump-piston adapted for the form

of pump described in last par. The
body of the piston a a is usually made
of elm or beech, and of a slightly coni-

cal form. It is provided with a central

aperture b b, the usual form of which

is shown in the section of the piston

e c at d. The body of the plunger is

not of uniform thickness, but is partly

turned down so as to form a neck or

shoulder near each extremity, as shown
at a and a. Round this part a strip of

thick leather is wound, the edges of

which meet, and are forced in close

contact when the piston is inserted in

the pump-barrel. The edges should

not be sewn together, as is sometimes

practised, as this creates bumps and in-

equalities which materially injure the

action of the piston. At either end of

the central aperture d, an aperture or

slot is cut, as at t e, extending from top

to bottom of the body of the piston. These slots admit of the ends//of the

forked extremity of the piston-rod g being passed through, and secured by nuts

or washers, as shown at//. Before the forks // are thus secured, the valve

or flap h h is placed on the upper face of the piston, and one of the forks /
passed through an aperture made in one end of the valve, which by this means
is secured to the piston. The flap or valve is usually made of stiff" leather, of

the form as Bhown in the lower figure at h' h'. The upper end at h! is prolonged,

and is provided with a slot, through which one of the forks / passes as above

described. The valve or piece of leather is made largor than the aperture d,

so that when it is forced downwards it will completely cover the aperture, and
lie flat against the surface of the plunger, thus securing a water-tight joint.

To facilitate the action of the valve, a thick piece of iron or brass is riveted to

the upper side.

1884. The lower valve g, fig. 751, is constructed much in the same way as that

now described. It is fixed firmly at the bottom of the working-barrel, and should

bo provided with a cross or curved arm similar to that shown at t, by which it

can be withdrawn from its seat for repair as desired. This is effected by with-

drawing the piston, and passing down the barrel an iron rod provided with a

mir PLDsntR on piaiox
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hook at one end, which catches the guard i, and by pulling at which the valve

can be released from its seat.

1885. Perreaux's India-rubber Pump- Valve.—In fig. 753 we give a sketch of

Fig. 7J& one Perreaux's India-rubber pump-valve, corresponding

to the foot-valve g in fig. 751, and in fig. 754 section of

bracket or plunger-valves corresponding to f in fig. 751.
11 These valves are constructed entirely of India-rubber,

vulcanised for the purpose, and take the form of a tube
flattened at one extremity, something similar to the mouth-
piece of a hautboy, and approaching as nearly as possible

in form and action the valves contained in the human
heart. The thickness of the sides of the upper part diminishes gradually to the
top, where the two sides meet and form two lips, which, when the valve is in a
state of rest, are in close contact, and prevent the downward passage of the
fluid. With any upward pressure the lips freely separate, and allow the

rUOVT KL1VATTON OF r«H-
SIADX't i*: .-a p.i Hum

upward passage of the fluid.

Fig. 754.

IcriOH* Or BRACEBT VALV1

The gradual diminution in thickness or tapering

of the sides, forming the lips of the passage,

enables the valve to open and close with the
slightest variation of pressure, and,* by pro-
perly proportioning, to resist any required

amount of downward pressure. The passage for

the fluid is larger in these valves than in any
others of equal dimensions

;
they also possess

the advantage of having a 'cloar way,' there

being nothing whatever to retard the passage
or flow of water, and owing to the self-acting

principle imparted by the elasticity of the mate-
rial, they close perfectly and instantaneously the moment the pressure from
below ceases. The lips of the valve being flexible and elastic, any foreign sub-
stance winch may enter the suction-pipe, such as sand, gravel, coal, dust, cinders,

grain, cotton, tow, rags, chips of wood, &c, passes freely through without in the
least interfering with or deranging the action of the valve. A further advan-
tage they possess is, that, however long the pump may have remained dry, they
require no priming, by the application of water, &c, to make them act. The
peculiar form of these valves enables them to work equally well in any position,

whether vertical or horizontal. The material of which these valves are con-
structed, perfectly resists the action of acids, alkalies, sea-water, spirits, liquid-

manure, ammonia, heat or cold, nor will it suffer from any period of disuse."

1886. Clarkson's Square Pump.—A new form of pump for agricultural pur-
poses has been introduced very recently by Mr Clarkson of London, in which
the pump, barrel, and piston are of a square form. The piston gives a per-
fectly clear water-way, and passes with great facility large masses of matter.

In this way the inventor claims for it considerable merit as a liquid-manure

pump. It seems also well adapted for keeping bog-holes dry while the peat is

being cut out of them.

1887. Force-Pump. — In the suction-pump there is, as has been already
explained, in par. 1882, a limit to which the water can be raised. In the force-

pump water can be raised to a very much greater height. The force-pump acts

both by the elasticity and the pressure of the air. The pressure causes the water
to be lifted to a height not exceeding 33 feet, but the elastic force of the air in

the condenser of the force-pump causes the water to rise from it to a very con-
siderable height. It is on this principle that the fire-engine causes the water
to rise to the roofs of houses.
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Fig. TSS.
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1888. The arrangement of the force-pump and its mode of action are illus-

trated in fig. 755. a a is the pipe leading from the well, which must not exceed
34 feet in length ; b b is the pump-barrel,—where the

pipe a a joins this, a valve c opening upwards is fixed
;

the piston d is solid ; e e, the .piston-rod, works in

a stuffing-box /; <j is the side delivery-pipe, furnished

with a valve h opening upwards. Supposing the

piston d to be at the bottom of the working-barrel b b,

and to be drawn upwards, the valve c is raised, and
the water from the well, passing through the pipe

a a, follows the piston d. On this reaching the top

of its stroke, the pump-barrel beneath it is filled with

water. On depressing the piston d, the pressure of

the water closing the valve c, it has no other mode of

escape than by the side-pipe g. As the water passes

through this, it presses on the under side of the valve

A, opens it upwards, and is forced up the pipe i to any
desirod height.

18S9. The valves c and h are known as the " coni-

cal " form. Their mode of construction will be found

in the section on Steam-engines, while describing

the " force-pump " of a high-pressure engine.

1890. The solid piston d^ fig. 755, may be con-

structed of two discs of metal, adjusted at any position at the extremity of the
piston-rod, which is screwed for this purpose, discs of leather, vulcanised India-

rubber, felt, or hemp, being firmly secured between them.

1891. Another form of piston is illustrated in fig. 756, where a a, b b, is the

body of the piston, a a being a circular flange. The piston-

rod c c is passed down a central aperturo made in b b
y
and

secured by a key or cottar d. An upper plate e e is secured

to the body 6 b by the bolts ff. Before securing this plate

or flange e e, the discs or rings of felt or hemp are placed round

the body b 5, as shown by the dotted lines g g. On the requi-

site number of these being placed on, the plate e e is then

secured, and the piston ready for use. The external diameter

of the upper and lower flanges a a, e e, is a little less than

the bore or internal diameter of the working-barrel of the

pump; the internal diameter of the rings of felt, &c, g g,

being equal to the diameter of the body b b of the piston

;

their external diameter equal to, or a little larger than, the

bore of the working-barrel, as shown by the dotted circle in

the lower figure c, which is a plan of upper side of piston.

1892. In both forms of pump, the suotion and the forcing,

the flow of water is intermittent, taking place in the suotion-

pump, fig. 751, while the piston is ascending ; and in the force-pump, fig.

755, while the piston is descending. To insure a continuous flow, a contriv-

ance, known as the " air-vessel," is employed in conjunction with force-

pumps. This is illustrated in fig. 757, where a a represents the side delivery-

pipe, corresponding to <jr, fig. 755. To this is attached a hollow vessel b 6, into

which the water is passed through a valve placed at c ; a pipe d, correspond-

ing to i, fig. 755, passes down the interior of this, to within a short distance of

the valve c. The water is generally maintained in the vessel b b about the

ronon-rvur fisto*
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level e e, thus keeping a place // filled with compressed air, the elasticity of

which forces the water up the pipe d.

1893. From the peculiarity of opera-

tion of the force-pump, a loss of power
is sustained, equal to, according to M.
Morin, from 55 to 80 per cent of the
working power. Some of this loss is

obviated by using a second air-vessel;

this being applied to the suction-pipe

immediately below the barrel, as shown
in fig. 757, where g g is the air-vessel

attached to the suction-pipe h A, corre-

sponding to a a, fig. 755.

1894. Gwynne'* Farm Hand-Pump.—
In fig. 758 we give an arrangement of
hand-pump for farm purposes, designed

and manufactured by Messrs Gwynne, of Essex Wharf, Strand, London. In
this illustration a a is the pump-well ; b b the suction-pipe leading to the plat-

form c, to which is secured the force-pump d ; e the air-

vessel
; // the pump-rod, worked by a crank in the axle

or shaft of the fly-wheel g turned by the handle h.

The frame i i for supporting the fly-wheel shaft is bolted

to the bed-plate covering the mouth of the well. The
water is forced up the pipe k Ic from the air-vessel e.

This pump would be serviceable in a deep well.

1895. Centrifugal Pump.—Various forms of pumps have
been introduced from time to time to insure a continuous
stream. Of these, by far the most efficient and econo-
mical is that known as the centrifugal pump by Messrs
Gwynne. It is quick in action, small in size for the work
it performs, easily applied to work, and has no compli-
cated array of valves and parts, which are liable easily

to get out of repair, or become choked by the passage
of extraneous matter in the flmd on which it operates.

The mechanical details of
construction, and the mode
of operation, will be under-
stood from the following illus-

tration and description. Fig.
759 is a side-elevation in sec-

tion of the pump; fig. 760
an end elevation, one side

being in section. The hol-

low rotating disc a a, fig. 759,
is made fast upon the hori-

zontal shaft a a, fig. 760, and
works within the case or re-

ceiver bb b b, fig. 759 ; arms
or impellers, 6, shown in dotted lines, are placed in the
disc. One end of the shaft or spindle a a, fig. 760, is

supported in a bearing in the end or cover of the pump-
case b b; the other end passes through a gland and

Y\g. 7'.9.
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stuffing-box c c in the opposite cover, and revolves in a standard or bearing d d,

bolted on to the cast-iron bed-plato

e e, upon which the pump-case b b is

made fast. The pulley //is keyed
upon the end of the spindle or shaft

a a
; g is the discharge-pipe, which

may be of any desired length. The
suction-pipe h may also be placed as

desired, and the end is put into

the water to be raised, where a foot-

valve is placed. When the pump
and case are filled with water, and
a rapid motion given to the disc

by a band on the pulley// the cen-

trifugal force generated drives the water out of the disc b and up the discharge-

pipe g. Water from the suction-pipe h takes the place of that ejected, and so the

pump continues to receive and discharge in a continuous stream so long as the

velocity is kept up. The quantity of water is regulated by the speed of the

disc. The greater the speed, of course, the greater the quantity. The small

passage c, fig. 759, at the top of the hollow disc a, allows any air that may
enter the case to get into the discharge-pipe, and to pass away.

1896. The Hydraulic Ram.—The hydraulic ram is an exceedingly useful

machine for elevating water to a considerable height. It is simple in original con-

struction, has no parts liable to get out of order, and will work continuously for

years without repairs after once being put in operation, all that is required being

a small stream with a few feet

of fall. The machine depends

for its operation on the mo-
mentum of the falling stream,

which, confined in a pipe, is

led to a chamber in which
valves are placed, and which
act as follows: In fig. 761,

which is a longitudinal sec-

tion of a form manufactured

by Messrs Gwynne, of Essex
Wharfj Strand, London, a a is

the supply-pipe, which leads

the running stream down to

the chamber b 6, bolted to the

bed-plate c c. A valve d d is provided to the chamber b ft, and which has a

tendency to fall from its seat so as to keep the water-way open, till the stream,

flowing through the pipe a a, acquires sufficient momentum to close it The
velocity of the stream being thus checked, the water raises the valve which

moves the reverse way of the valve dd, and enters the air-vessel // from which

it is finally passed by the pipe g g, which can be led to any desired elevation

above the level of the ram. On the water passing into the air-chamber //, it is

pressed upon by the air in the upper part of the vessel, which closes the

valve e. The momentum of the flowing stream in the pipe a a and vessel b b,

being thus exhausted, the valve d d falls, and allows the water to escape from

the vessel b b, through the valve opening, till the flowing stream again acquires

such momentum as to close the valve d d. When this happens, the valve e

rig. 7oi.
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Fig. 762.

is again opened, and a second quantity of water discharged into the

//. The action thus described goes on continually, resulting in a regular

beating or pulsation of the valves c, d d,

each rising and falling alternately.

1897. The hydraulic ram may be use-

ful in raising water to an elevated cistern,

from which it may be led to drive a small

turbine placed at the lowest available level.

1898. The Grindstone.—In fig. 762 we

illustrate a convenient and cleanly form of

grindstone, the framing a a of which is

of cast-iron. The stone is covered with a

casing b b, leaving part only of the stone ex-

posed, as at c. This arrangement prevents

the water from being scattered abroad.

The revolution of the stone is caused by the

action of the foot of the operator on the

pedal d d, through the medium of the con-

necting-rod e acting on a crank. The form, as here illustrated, is

turod by Messrs Ibboteon Brothers and Company, of Sheffield, tool-makers.

DIVISION THIRD.—MOVING POWERS OF THE FARM.
•

1899. Section First.—Horse-Power.

1900. The Horse- Wheel.—Until of late years the thrashing-machine was in most

cases impelled by horses moving in a circular course ; and as this power continues

to be employed on the smaller class offarms, it is still of that importance to demand

being here brought under notice. Horse-wheels are of various construction, as

under-fool and over-head; the former being chiefly used where small powers are

required, and the latter where four horses and upwards are employed. In general,

in the under-foot wheel, the horses draw by means of trace-chains and swing-tree.

In the over-head wheel, of old construction, we also find occasionally the same

method ofyoking practised ; but in all modern over-head wheels the horses draw

by a yoke descending over their back, from a horizontal beam placed over-head.

Custom seems, as usual, to have produced a preference for this mode of yoking,

though there appears good reason for calling its propriety in question, espe-

cially if the course has a diameter of 22 feet or upwards. The argument in

support of the over-head draught is, that the horse exerts his force in the direc-

tion of a tangent, or very nearly so, to the curve in which he walks, or at

right angles to the beam by which he draws
;

while, in the swing-tree

draught, his shoulders being considerably more in advance of the point of

attachment, his exertions must necessarily tend in a direction that will form

an angle more acute than a right angle, but which will vary with the radius

of the course. It is quite true that this is the case, and that the horse will

draw at a disadvantage, to a certain extent, but the amount of this disadvan-

tage is small. In a 26-feet course, which is a good medium, giving the

over-head draught the full advantage of the right-angle (90°), the other will

draw at an angle of about 72° with the radius or beam ; and it is easy to show

that the amount of disadvantage arising from this is as 21 to 20. If the
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draught of a horse in a wheel amounts to 170 lb. under the favourable posi-

tion, it will require an exertion of 178£ lb. from the same horse, when yoked
unfavourably—that is, by a swing-tree. With this disadvantage, which is but

small, if we compare the freedom of action and uniformity of the resistance in

the case of the swing-tree draught, with the constrained action and jolting

effects which the horse undergoes in the over-head yoke—and to these if we
add the chances of disadvantage to horses of low stature, being constrained to

draw at an unfavourable vertical angle—we shall soon find an amount of disad-

vantage greater than in the former case. The question is not now of that im-

portance which it once possessed, in consequence of the extensive application of

steam ; but it appears still to be deserving of consideration.

1901. In the construction of the horse-wheel also, a question arises as to the

diameter of the actual wheel, whether it should be equal in diameter to the entire

horse-walk, and work as a spur-wheel, or have a diameter considerably under
the walk, and be applied as a face or bevelled wheel. It appears to us that

the large spur-wheel, of 25 or 30 feet in diameter, has been conceived under a

false impression, and that, on principle, its application is erroneous. It is also

probable that a consideration of the overshot water-wheel, which, from its con-

struction, and the nature of the element employed, requires that its power
should be given off at or near the extremity of its arms, may have given rise

to this formation ; but the causes that combine to render this not only advisable,

but imperative, in the water-wheel, if everything is duly considered, do not

apply to horse-power. When the horse-wheel has a diameter larger than the

mean diameter of the horse-path, it gives the first motion a higher velocity than

that of the moving power, by its more extended radius ; and if any inequality

occurs in the moving power, it will sensibly affect the succeeding motions.

Horses do not exert a perfectly uniform force when yoked in a wheel ; the very

act of stepping forth, by removing the exertion from one shoulder to the other,

produces small increments and decrements, alternately, to the power, and these

must be communicated to the wheel which extends beyond that point of the

lever by which the horse draws. Besides this effect on the machine, it must
have an equally bad effect upon the horses

;
for, in consequence of the con-

struction of the large wheel, and from the yoke being applied to a point where all

elasticity is removed, the draft becomes what is termed dead; that is to say, there

are no elastic or yielding parts betwixt the power and the first impulse, that

might tend to soften the sudden strains that come upon the horses, unless other

means are resorted to, to produce that result. Wheels of this construction will,

therefore, be found more fatiguing to the horses than those of smaller diameter.

1902. Of horse-wheels with a small circle of teeth, the diameter best suited

for all purposes, and which might produce a maximum effect, has not yet been

defined
;
but, from analogy, and taking into view the properties of the centre of

percussion, we may infer that the radius of the segments forming the toothed-

wheel should be two-thirds of the radius of the beam, measuring to the centre

of draught, which may be taken at 11 feet when the course is 26 feet diameter,

giving to the toothed segments a diameter of 14 feet 3 inches. The diameter

thus found is subject to modification, arising from considerations of strength,

and the too great obliquity of the diagonal braces of the wheel, that would

follow upon a large diameter. Such considerations will induce a reduction of

diameter to 12£ or 13 feet, as a good medium size of wheel. The projection of

the horse beams beyond the point of action of the toothed segments, produces

that degree of elasticity pointed out in par. 1901, the absence of which forms a

defect in wheels of large diameter.

2 M
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1903. The horse-wheel represented in figs. 1 and 2, Plate XXIX., is con-

structed on data derived from the foregoing considerations : fig. 1 is an elevation,

and fig. 2 a plan of the wheel, the same letters of reference applying to both

figures. It is constructed for four horses, the course is 26 feet diameter within

tho pillars, and the wheel is 13 feet diameter, with a hollow cast-iron central

shaft, having a flange at top and bottom 2 feet diameter, to which the arms and

stays of the wheel are bolted. The position of the horse-wheel must be always

adjoining to the barn ; it may or may not be on the side towards the stackyard,

but generally towards it. In the figures, then, the barn-wall is marked a a, and

the two main pillars, which support the main collar-beam, are marked 6 6, the two

minor pillars, erected solely for completing the bearings of the roof are cc, and

d d is the floor or horse-walk. The footstep of the horse-wheel is supported on the

stone block e, the step being adjustable by four sorews, to bring the wheel to the

true level ; and //is the collar-beam, 12 by 8 inches, which is laid upon and

bolted to the main pillars, and carries the plummer-block for the head of the

central shaft. The sheers g g are 12 by 4 inches, framed into the collar-beam,

and resting on the wall a a ; the dotted lines h h represent two diagonal braces

to the sheers, to resist the shake from the action of the wheel upon the pinion

of the lying shaft ; and the cast-iron bridge t is bolted down upon the sheers

carrying the end of the lying shaft. The flanges of the central shaft I

and I form the foundation of the wheel ; to I are bolted the horizontal arms

m, 6 by 2£ inches, as well as the horse-beams o, which are 10 by 6 inches,

and these are supported by the diagonals n n, 4 by 2J inches, seated in and

draw-bolted to the flange k. The horizontal braces p of the horse-beams are

6 by 2£ inches
;
they are framed into the ends of the arms m, and secured

with cast-iron knee-plates at their junction with the wheel and with the horae-

beams o. The yoke-bars q q are made of hardwood, strongly bolted to the horse-

beams o, and are each mounted with an iron pulley near the lower end, over which

the draught-chain passes. The yoke-bars q are 6 by 3 inohes, and taper towards

the lower ends ; at the point where the draught-ohain passes through them their

height from the horse-path should be 3 feet 6 inches, liable to slight variation,

arising from the stature of the horse that is to be yoked into it The wheel r is

now always made of cast-iron, in segments, and, when the wheel is very care-

fully made, the segments are fitted and bolted to a bed-plate of the same

material, previously bolted to the arms m and horse-beams o. The breadth of

the bed-plate may be 6 inches, with low flanges to keep the segments in place.

The toothed segments should be 4 inches in breadth, and their pitch 2 inches,

the diameter of the wheel being, as before stated, 13 feet. The horse-wheel

pinion s is 14£ inches nearly in diameter, mounted on the lying shaft s f, whose

inward bearing is upon the barn wall a a, in an opening formed for the purpose,
'

and this shaft carries the spur-wheel u inside the barn.

1904. The calculations of this machine would stand thus : The horses will

walk the course three times in a minute, being at the rate nearly of 2{ miles

per hour ; the lying shaft s t will make eleven revolutions for one of the wheel,

or thirty-three per minute ; and the drum pinion, which is driven by the

spur-wheel u, if made 8.6 inches diameter, the wheel being 7 feet, would give

the drum 320 revolutions per minute,—a fair average velocity for a four-horse

machine, which can be increased by a quicker step of the horses, say to 2| miles

per hour, which would give 340 revolutions per minute to the drum.

1905. Some horses, when yoked in a wheel, are observed, after a short prac-

tice, to take advantage of lagging back, and allowing those who are more

willing to take the heavy end of the work. To counteract this, methods have

Digitized by Google



THE RING -CHAIN. 547

been adopted to make the horses draw by chains, so arranged as to make them
woTk against each other in pairs ; or make any nnmber of them draw from a
ring-chain common to the whole.

1906. Another method was to make each horse draw against a certain weight
suspended over pulleys ; but all these have their imperfections in one way or

another.

1907. The Ring-Chain.—A new and more perfect arrangement of the ring-

chain was introduced by Mr Christie, Bhynd, Fifeshire, whioh received the appro-

bation of the Highland and Agricultural Society of Scotland.* This arrange-

ment is exhibited in fig. 2. The principle of the arrangement is, that the

ring-chain forms a figure of as many equal sides or angles as there are horses in

the wheel, and that the angles shall always remain equal. The arrangement to pro-

duce these properties is this : At the points v v v v on the horse-beams o, are

firmly attached the wood or iron pulley-oases, each having two small pulleys

raoviDg horizontally ; and at the points wwww
y
four other cases, each having a

pulley moving horizontally, and likewise one vertically ; each of the vertical

ones, with its pulleys, being suspended on a slide-rod of 2 feet in length. At
each of the points v a loop of the ring-chain is passed through the case betwixt

the two pulleys, and is drawn forward till it pass over the horizontal pulley at w.

The draught-chsinB are now passed each through its own vertical pulley in the

case to, the ends being carried forward and over the leading pulleys at the head

of the yoke-trees; they are then led down and passed through the draught-pulleys

in q qy
fig. 1, the chains terminating at c* d\ to which the horses are yoked.

1908. The reeving of the pulleys and chains will be more clearly seen in the

perspective views, figs. 3 and 4, Plate XXIX., where the same letters as before

are applied. Thus, fig. 3 shows the pulleys and case, as fixed to the horse-

beam at t>, with a part of the beam broken off at both ends, d d' being parts of

two sides of the square formed by the chain, and the double portion v' that part

of the loop that would join w in fig. 4 ; here the loop passes round the horizontal

pulley of u>, and the portion of chain a' b' in this figure is the loop of the

draught-chain passing round the vertical pulley of w, and onward to the yoke-

trees. In fig. 4 y is the slide-rod, and x the hook by which the pulley-case is

suspended and slides upon y.

1909. It will be perceived that in this arrangement the primary figure of the

chain cannot change, for though one horse pull so much as to go ahead an inch

or a foot, some other horse, or perhaps the whole, must have retired in propor-

tion, but the whole effect will be simply to lengthen or shorten these loops, without

affecting the fundamental figure
;
every horse must, therefore, continue to pull an

equal portion of the load, without change, unless any one is allowed to bring

his pulley w, fig. 4, to the end of the slide-rod y, a circumstance that can hardly

occur. In the usual methods of yoking upon a ring-chain, the chain is only

paused over the pulleys v, and the horse draws by^he pulley, which in these

arrangements is movable, the loop of the draught-chain, if double, passing round

it, or, if single, is simply hooked to the pulley-case
;
hence, the primary figure

is variable : and suppose that one horse, or two opposite horses, were to slacken

their exertions for a few seconds—and a lazy horse will be always disposed to

do this—the two other horses must go ahead to tighten the chain, and these

motions will produce a figure in the primary chain, having two acute and two
obtuse angles, the lazy horses having the obtuse, and the willing horses the acute

angles. It were easy to demonstrate, by the resolution of forces, that the two

* Transaction* of the Highland and Agricultural Society, voL xii. p. 364.
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lazy horses, as long as they continued to pull lightly, would have much less

exertion demanded of them to keep the chains in equilibrium than the other

two horses, and the forces could only be restored to equality when the angles of

the primary figure became again equal. This defect of yoking upon the

catenarian system does not appear to have attracted the attention ofany inquirer,

but without knowing why, it seems to have deterred practical men from

employing it, for it is now seldom in use ; but Mr Christie's method, from the

perfection of its principles, is deserving of application.

1910. A method of equalising the resistance to the shoulders of each indi-

vidual horse has been long practised, and which, from its simplicity, as well as

its beneficial effects upon the horses, is deserving of general adoption. The
apparatus consists of an iron lever with equal arms, about 30 inches in length,

and 2 inches by £ inch at the centre ; this is suspended upon a bolt by a

perforation through the centre of the lever forming the fulcrum, and the ends
are formed into hooks to which the draft-chains are attached. Fig. 763 repre-

sents the application of this to the horse-

beam, wherein a is a part of the beam,
and b b the yoke-trees ; c is the lever

y « V- M.

~
-rtf above described, suspended upon the

^> fSf
e if back of the horse-beam ; dd the draught-

chains, hooked to the lever, and passed

under the pulleys of the yoke-trees, be-

yond which the horse is yoked to the

extremity of the chains. The advan-

tages of this mode of yoking will at once

be obvious
;

for, suppose that, from in-

advertence, the horse may have been

unequally yoked, whenever he exerts

his force, the chain that had been yoked
short—suppose it to be the left shoul-

der1—will immediately pull down the

end of the lever to which it is hooked,

and bring the longer chain to bear with

equal resistance upon tho right shoulder. The lever will also vibrate at every

step taken by the horse, as his efforts are changed at every step from the one

shoulder to the other : the lever will therefore tend to equalise his exertions in

respect to his muscular economy, and to the motion of the machine.

1911. It is worthy of remark that the pillars of the shed in which the horse-

wheel is placed, being generally of slender dimensions— those which support

the collar-beams not exceeding perhaps 8 feet in height, 2 feet in thickness,

and 7 feet in breadth—it is found that the action of the horse-wheel has a ten-

dency to shake them, and on the consequent vibration of the collar-beam

additional weight is thrown upon the horses to overcome. To obviate this

injurious tendency, a method has been adopted in Forfarshire to render the collar-

beams more secure. Fig. 764 shows how this is effected : b b is a strong block

of stone 12 or 15 inches thick, upon which the collar-beam a rests. The com-

mon practice, which is complained of, is to fasten the beam to this stone by

means of a strap of iron, terminating in bolts, which pass through the stone, and

are secured under it with nuts. The improvement adopted is to place a cap

of cast-iron upon the collar-beam a, provided with a flange at each side, having

a hole at each corner to permit a bolt c e to pass through it and the stone b 6,

to and through the lower block of stone d d% into the space below it e, where the

tub urn rox iwctuaroo D**roMT.
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Fig 7M.

c

I

bolts are screwed fast with nuts. The bolts may be made of any length desired,

and the ashlar-work comprised in the entire

series of stones b b, d d, and//, is confined to

the interior face of the two pillars which support

the collar-beam, and which should be well

dressed aud jointed together. The lower part of

fig. 764 shows a plan of the above arrangement,

where a a is the end of the collar-beam, b b the

block of stone, and c cc c the flanges and bolt

bevels of the cap.

1912. Dray's Undcr-foot Horse-Works.—We
now direct our attention to the illustration and

description of "under-foot" horse-works. In

fig. 765 is given a aide elevation, and in fig.

766 a plan, of horse-works manufactured by
Messrs Dray & Co., Swan Lane, London, adapted

to drive a two-horse-power portable thrashing-

machine. The upper frame a a, and lower

frame 6 b, are connected together by iron pillars

c c c ; the length of the frames being 5 feet 4

inches, the breadth 3 feet 11 inches. The
height between the two frames is 17 inches j the

diameter of the connecting pillars c c c being 2£
inches. The breadth of the side and end pieces (

of the framing is 6 inches, the thickness being *-

l£ inch. The framing a a, b b
y

is supported

on two wheels d d, 3 feet diameter, these

being used for convenience of transport. The
horses are attached to the whipple-trees « bolted

to the levers //. The terminations of these

are inserted into the cast-iron cup g fixed to the

end of the vertical shaft A, revolving at its lower

extremity in a step attached to the lower frame

b b ; and near its upper extremity, in the central

bearing of the cross bracket t, the shaft h carries

a spur-wheel jjt
3 feet 4 inches in diameter, engaging with

c
a e

a a

a [o]

e
i

c

V*

MOM I lHaCRIMO BT*AD!MISI
AM or uoiil! ti;

IN TH« COLLAR-

a pmion it, 5i

Ml"

I CVAIIOH or CHAT 8 i, \ mom to the root
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inches diameter. This pinion is keyed

Fig. TML

.o

the figure to save space) is, from centre

FlK. 7«7.

Ma
FA»r n.4M Or t>»»t'» HORM-WO

r 1

pi »L*v*nov or *Fmrr bor«»-o
rur. rocr

TO

on the vertical shaft /, the lower part

of which carries a bevel-

wheel to to, 2 feet 9

inches diameter, and

which engages with a

pinion n, 6 inches in

diameter. This pinion

n is keyed on a horizon-

tal shaft revolving in

bearings o o, keyed to

the lower frame b b.

To the end of the shaft

the universal joint p is

fixed, giving motion to

the lying shaft, the

opposite extremity of

which works in bear-

ings r r fixed to the

beam « a, fig. 767. The
length of the shaft q t

fig. 765 (broken off in

to centre of the coupling-joints p and

f, fig. 767, 9 feet. The length of the

bearing s fig. 767, is 3 feet 9 inches,

its breadth 4 inches, and thickness 2

inches. Tlu; shaft u is jointed at one

end to the coupling-joint /, and at the

other to tt thin! coupling-joint attached

to the driving-shaft of the machine to

be worked. The length of the levers

//, fig. 765, from the centre of the

cap g to the centre of attachment of

the whipple-trees «, fig. 767, is 10 feet

10 inches.

1913. The cost of an apparatus of

the form here described for one-horse

power is £12 ; for two-horse, £18, 10s.

;

for four-horse, £22.

1914. Barrett^ Exalt, and Andrews'

Safety Horse-Oear.—From figs. 768 to

771 is a form of horse-work which,

from its compactness and excellent

arrangement, has obtained a high re-

putation. It is known as the " safety

horse-gear," and is manufactured by
the inventors, Messrs Barrett, Exall, &
Andrews, of Reading. In fig. 768 we
give a side elevation, in fig. 769 a ver-

tical section, in fig. 770 a plan of top,

and in fig. 771 a sectional plan, show-

ing the working-gear. The working

parts are completely enclosed in a

cast-iron case a a, fig. 768, so that no
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SAFETY HORSE-GEAR 551

extraneous matter can gain admittance. The cap 6 b contains three sockets
or eyes c c e e, as shown also at b b b in fig. 770, in which are inserted the ends of
the driving-levers, to which the horses are yoked with whipple-trees. A door

rig. 77a

rig. 7».

in iv or tup or mrtrv ho.hi .>r»u

Fig. 771.

or trap, <?, fig. 768, can be taken off when required, to gain admittance to oil

the lower bearings. The power is taken off by the lying-shaft through the

coupling-joint d.

1915. The driving-gear is shown more particularly in the section, fig. 769.

The outer casing is shown at a a, b the door or trap. The cap c c revolves

easily on the top of the casing ; two of the sockets for connecting the driving-

levers with the cap are shown at d d. The cap c c is keyed to a vertical shaft

e e, the foot-step of which is at/. This shaft carries a bevel-wheel g g, engaging
with a bevel-pinion h A, keyed on a

horizontal shaft j /, revolving in

bearings k connected with the

lower part of the casing a a. The
universal joint 2 m is attached to

the outer extremity of the shaft i i.

The method in which motion is given

to the shaft e e will be explained by
reference to fig. 771. The revolving

cap c c, fig. 769, carries three studs,

of which one is shown at n, and the

relative position of which is shown at

d d d in fig. 770. These studs carry

small pinions, c c c, fig. 771, which

engage at once with a pinion d, fixed

in the vertical shaft e e in fig. 769,

and with an internal wheel, 6 6 6, fig. 771, cast in the upper part of the outer

casing a a a, fig. 769. Supposing there are sixty teeth in the internal wheel

6 6 6, and twenty in the spur-wheel c, fig. 771, for each time the spur-wheel

c is made to travel round the wheel 6 6 6, the spur-wheel c will revolve

three times; and supposing the pinion d on the vertical shaft to have half

of the number of teeth of the wheel c
t

for each revolution of c it will have

OKIU. MOTION or *r»TT UOHM-Otilt
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two revolutions. Thus, for one revolution of the cap there will be six revolu-

tions of the wheel d. Then supposing the bevel-wheel g g, fig. 769, to be

five times the diameter of the pinion A, for each revolution of the shaft e e the

shaft t i will revolve five times. Suppose, further, the horses to make the cap c e,

fig. 769, revolve three times per minute, the wheels ccc, fig. 771, will make nine

revolutions, the pinion d, fig. 771, and wheel gg, fig. 769, eighteen times, and

the shaft

»

i and pinion h ninety times per minute. In fig. 770, which is a plan

of the cap, a a is the outer case, 6 6 6 three sockets to receive the ends of

the driving-levers, c a movable cap which covers the end of the vertical

shaft « e, fig. 769, and e e' h similar caps for the shafts of the three pinions ccc,

fig. 771. These can be lifted up when the bearings require to be oiled, and

when closed, prevent the ingress of dust, &c. Three sets of wheels, ccc, fig.

771, are given, which tend to equalise the motion.

1916. Hartcu's Inclined-Plane Horse-Work.—A modification of the American

horse-works, on the principle of the treadmill, the horse working on a movable

inclined plane or endless platform, has been lately introduced into England, and,

to judge from the reports of competent engineers, with some prospect of being

a useful addition to agricultural mechanism.

1917. The old form of this mechanism, which, for dogs as well as horses, is

much used in America, is open to several objections. "Among others, it has been

found that, if the horse is suddenly stopped, either the mechanism becomes

deranged by some undue strain thereon, owing to the exertion of the horse to

stop the machine (which will continue in action for a short time by the momen-
tum gained by the fly-wheel), or there will be great liability for the horse to be

thrown down and injured." To obviate these objections is the object of the

patented improvements of Mr Isaac Hartas of Wrelton Hall, Yorkshire, and of

which we now offer a brief description. In fig. 772 is given a side elevation

flexible toothed raok on its under side. This rack engages with a toothed wheel

keyed on the central shaft e. To the shaft e a cylindrical case or box / is

also firmly seoured ; this carries in its interior a point or click g, which is kept

in contact with the face of the teeth of the ratchet-wheel h by means of a

spring. The ratohet-wheel h is keyed to a hollow shaft which revolves

loosely in the central shaft e ; the hollow shaft carries the fly-wheel k k. To the

opposite end of the central shaft c, on which the box h is keyed, a friction-

wheel 11 is keyed. This is acted on by the friction-block m, secured to the

under side of the lever n. This lever is provided at its further extremity with

a weight o, and a cord p ; this passes over pulleys p q, fixed to the side-framing

UH butvation or Ii»KT»«

of the machine

—

a a the

framework, supported on two

wheels, b b. The travelling-

floor c c, or inclined endless

platform in which the horse

walks, consists of a narrow

gangway formed by a suc-

cession of cross boards, con-

nected by pitch-chains work-

ing over rollers at the end of

the framework. The platform

is furnished with small pul-

leys or rollers, which run on

rails at the side of the ma-

chine, and is provided with a
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of the machine, and is connected at its extremity with the eye r of the lever

r t, this lever being maintained in any desired position by the curved ratchet-

bracket 9. The side-framing, which confines the horse while working, is shown
at u u.

1918. The action of the mechanism thus described is as follows : The horse's

head being confined to the head-rail of the side-framing u u, the attendant eases

the friction-brake m by depressing the handle r t, and lifting the weight o of the

lever n; and as the travelling-floor c c is considerably inclined in front, the weight

of the horse sets it in motion, which prompts him to commence walking, a con-

tinuation of which keeps the platform in motion. The rack of the platform c c,

engaging with the toothed wheel in the central shaft e, gives motion to the

cylindrical case or box/, and its attached pawl or click g. This, taking into the

teeth of the ratchet-wheel A, gives revolution to the hollow shaft in which it is

fixed, and to the fly-wheel k k. When the horse ceases to walk, the motion of

the fly-wheel is not suddenly arrested, as in the old forms of this machine ; for

although the motion of the platform c c, and cylindrical case /, ceases with the

motion of the platform, as the fly-wheel k k is keyed to the hollow shaft which

revolves loosely in the central shaft e, it continues to revolve without affecting

the other parts of the mechanism. With the revolution of the fly-wheel, that

of the ratchet-wheel h also continues ; but as the motion of the cylindrical box /
has ceased, the only result is that the end of click or point g passes freely over

the face of the teeth of the ratchet-wheel h. Power is taken to the machine,

which it is desired to work through the medium of a driving-belt passing through

a drum fixed to the end of the central shaft e, next to the friction-wheel 1 1.

1919. It may be useful here to append the report of Mr Amos, Consulting

Engineer to the Royal Agricultural Society of England, who instituted several

experiments with a view to ascertain the effective power of this machine as

compared with a horse-power in which the horses walked round a circle in the

usual way. "In the first experiment, one of Richmond and Chandler's oat-

crushers or linseed-mills was attached to the horse-works, with a dynamometer
intervening to record the work done. The horse, walking at the rate of 2.04

miles per hour, did work equivalent to the raising of 33,110 lb. 1 foot high per

minute. During this experiment, at the rate the horse walked, and taking into

consideration the angle of elevation of the platform, the horse would have raised

himself to the height of 33.66 feet in one minute—that is, had the platform been

stationary, and prolonged indefinitely. The horse with his harness weighing

1084.5 lb., and this multiplied by 33.66 feet, the height the horse would have

raised himself, equals 36,504 lb. lifted 1 foot high per minute. In the Becond

experiment, the horse walked 1 .7 mile per hour, and did work, as shown by the

dynamometer, equivalent to raising 31,350 lb. 1 foot high per minute, during

which time he would have climbed 28.21 feet, which is equivalent to the raising

of 30,594 lb. 1 foot high per minute. In this experiment, the horse walked and

worked exceedingly steadily, and the work he did at that time (31,350 lb. lifted

1 foot per minute) fairly represented the work a horse can do by this machine.

To compare the above with a common horse-work, the horse used in the last

experiment was yoked with another, of similar power and quality, to a two-

horse-power works, made by Mr John Barker, of Dunnington. The power was
applied to the same mill and dynamometer, and the work done by each horse

was equivalent to 26,500 lb. lifted 1 foot high per minute, being about 16 per

cent less than the duty done by Mr Hartas's horse-works."

1920. The price of Mr Hartas's machine for one-horse-power is £23, delivered

in London ; delivered in York, £18, 18s.
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1921. Section Second.— Water-Power.

1922. The Water-wheel.—Water, when it can be commanded, is the cheapest

and most uniform of all powers ; and on many farms it might be commanded
by carefully collecting and storing in a dam. Water-wheels have been com-
monly treated as of three kinds, but, with great deference, we conceive they may
be classed under two heads. The undershot, or openfloat-board wheel, which

can only be advantageously employed where the supply of water is considerable

and the fall low; it can therefore rarely answer for farm purposes, and need not

be discussed. The second is the bucket-wheel, which may be overshot or breast,

according to the height of the fall. It is this wheel that is adopted in all cases

where water is scarce or valuable, and the fall amounting to 6 or 7 feet or more,

though it is sometimes employed with even less fall than 6 feet. It is the most
effective mode of employing water, except where the fall is excessively high,

or exoeeding 50 feet, when, in such cases, it is applied to motive machines that

are becoming much employed for agricultural purposes—such as the turbine and
the vortex wheel, which we shall hereafter describe.

1923. When it is proposed to employ a stream of water for the purpose of

power, the first step is to determine the quantity delivered by the stream m a
given time : this, if the stream is not large, is easily accomplished by an actual

measurement of the discharge, and is done by damming up the stream to a small

height, say 1 or 2 feet, giving time to collect, so as to send the full discharge

through a shoot, from which it is received into a vessel of any known capacity, the

precise time that is required to fill it being carefully noted. This will give a

correct measure of the water that could be delivered constantly for any purpose

:

if in too small a quantity to be serviceable at all times, the result may be found

by a calculation of the time required to fill a dam of such dimensions as might

serve to drive a thrashing-machine for any required number of hours.

1924. If the discharge of the stream is more than could be received into any

moderately-sized vessel, a near approximation may be made to the amount of

discharge by the following method : Select a part of its course, where the bottom

and sides are tolerably even, for a distance of 50 or 100 feet ; ascertain the

velocity with which it runs through this space, or any measured portion of it,

by floating light substances on its surface, noting the time required for the

substance to pass over the length of the space. A section of the stream is then

to be taken, to determine the number of superficial feet or inches* of sectional

area that is flowing along the channel, and this, multiplied into five-sixths of the

velocity of the stream, will give a tolerable approximation to the true quantity

of discharge—£ of the surface velocity, at the middle of the stream, being very

nearly the mean velocity of the entire section. Suppose the substance floated

upon the surface of the stream passed over a distance of 100 feet in 20 seconds,

and that the stream is 3 feet broad, with an average depth of 4 inches, here the

area of the section being exactly 1 foot, and the velocity being 100 feet in 20

seconds, gives 300 feet per minute, less \ = 250 feet, and this, multiplied by
the sectional area in feet, or 1 foot, is 250 cubio feet per minute for the discharge.

It is to be kept in mind that this is only an approximation, but it is simple,

and from repeated experiments we have found it to come near the truth.

1925. For those who wish to go more elaborately into the subject, we may
here state a formula derived from Sir John Leslie, for finding the mean velocity,

and, having also the transverse section, to find the discharge of a stream or

river.

Multiply the constant 1.6 into the hydraulic depth and into the slope of
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the surface of the water per mile, the square root of the product will

give the mean velocity of the stream in feet per second ; and the root,

multiplied by the section of the stream in square feet, is the discharge

per second. The hydraulic depth is the transverse section of the stream

in square feet, divided by the periphery of the stream, less the surface

breadth.

Example.—If the surface breadth be 3 feet, the bottom breadth 2£ feet,

and the slope of the sides each 9 inches, a transverse section of these

dimensions will contain 2 square feet nearly, which, divided by the peri-

phery, which is

3 + .75 + .75 + 2.5 = 7, the periphery,

then the area of the section = 2 feet

;

put 2h-(7-3) = .5 = 6 inches, the hydraulic depth.

And suppose the slope at the place of section to be l£ inch on 100 feet,

or 6.5 feet per mile, apply the formula

—

x/1.6 x .5 x 6.5 = 2.3 feet, the velocity per second, nearly,

and the delivery will be 2.3 x 2 x 60 = 276 cubic feet per minute.

1926. The next step is to ascertain by levelling from the most convenient

point at which the stream can be taken off, to the site where the water-wheel

can be set down, and to that point in the continuation of the stream where the

water can be discharged from the wheel, or what is called the outfall of the

tail-race. If the water has to be conveyed to any considerable distance from

the point where it is diverted from the stream to the wheel, a lead must be

formed for it which should have a fall of not less than l£ inch in 100 feet, and

this is to be deducted from the entire fall. Suppose, after this deduction, the

clear fall to be 12 feet, and that the water is to be received on a bucket-wheel

whose power shall be equal to four horses,

The rule for finding the power due to a stream of water whose discharge

is already known is, multiply the discharge in cubio feet, per minute,

by the height of the fall, and again by 62.5—the lb. weight of a cubic

foot of water—dividing by 44,000, gives the number of horse-power.

In the present case, having the height of the fall given and the power

wanted, we have the question in this form,

44,000x4 ,. .

=234 cubic feet;

the quantity of water required per minute to produce four horses' power.

If the stream does not produce this quantity, a dam must be formed by embank-

ing or otherwise, to contain such quantity as will supply the wheel for three or

six hours, or such period as may be thought necessary. The quantity required

for the wheel here supposed, for three hours, would be 42,120 cubic feet; but

suppose the stream to supply one-fourth part of this, the remainder, or 31,590

feet, must be provided for in a dam, which, to contain this, at a depth not ex-

ceeding 4 feet, would be 88 feet square. But the constant supply of water is

often much smaller than here supposed, and in such cases the dam must be

proportionally large.

1927. The Dam.—The dam may either be formed upon the course of the

stream, by a stone-weir thrown across it, and proper sluices formed at one side

Digitized by Google



556 MOVING POWERS OF THE FARM.

to lead off the water when required, or, what is much better, the stream may
be diverted from its course by a low weir into an intermediate dam, which may
be formed by digging and embankments of earth, furnished with sluice and

waste-weir, and from this the lead to the wheel would be formed. The small

weir on the stream, while it served to divert the water, when required, through

a sluice to the dam, would in time of floods pass the water over the weir, the

regulating sluice being shut to prevent flooding the dam. This last method

of forming the dam is generally the most economical and convenient, besides

avoiding the risk which attends a heavy weir upon a stream that may be subject

to floods. When water is collected from drains or springs, it is received into a

dam formed in any convenient situation, and which must also be furnished with

a waste-weir to pass off flood-waters, besides the ordinary sluice.

1928. The Bucket Water- Wheel.—The water-wheel should be on the bucket

principle, and, for a fall such as we have supposed, should not be less than

14 feet diameter; the water, therefore, would be received on the breast of the

wheel. Its circumference, with a diameter of 14 feet, will be 3.1416 x 14 = 44

feet ; its velocity, at 5 feet per second, is 44 x 5 = 220 feet a minute ; and 234

cubic feet, per minute (par. 1926), of water spread over this, gives a sectional

234
area for the water laid upon the wheel of— = 1.6 feet ; but as the buckets

should not be more than half filled, this area is to be doubled = 2.12 feet; and

2 12
as the breadth of the wheel may be restricted to 3 feet, then — = .704 foot is

3

the depth of the shrouding, equal to 8£ inches nearly, and if the wheel is to

have a wooden soling, 1 inch should be added to this depth already found, making

9 1 inches.

1929. The ark or race in which the wheel is to be placed, must have a

width sufficient to receive the wheel with the toothed segments attached to

the side of the shrouding. For a bucket-wheel it is not necessary that it

be built in the arc of a circle, but simply a square chamber ; one side of it

being formed by the wall of the barn, the other by a wall of solid masonry,

at least 2J feet thick ; one end also is built up solid, while the opposite end,

towards the tail-race, is either left entirely open, or if the water is to be carried

away by a tunnel, the water-way is arched over, and the space above levelled

in with earth. It is requisite that the wheel-race here described ehould

be built of square-dressed stones, not common ashlar, but having a breadth

of bed not less than 12 inches, laid flush in mortar, and pointed with Roman
cement.

1930. Fig. 773 exhibits a sectional elevation of the wheel, representing one-

half of the wheel in section, the other in elevation : a' a' is the barn-wall,

V b' is the sole of the ark c' or chamber, formed of solid ashlar-stone,

having an increased slope immediately under the wheel, to clear it speedily of

water.

1931. In fig. 774 the plan is represented of dimensions agreeing to the

supposed case in par. 1929 : a a is the wall of the barn, V b' the outward wall,

and c the end of the ark
; a recess d being formed in the wall a a for the bear-

ing of the water-wheel shaft e.

1932. The shaft, the arms, and shrouding, fig. 773, are all of cast-iron, the

buckets and sole being of wood; and to prevent risk of fracture, the arms are cast

separate from the shrouding. The width of the wheel being 3 feet, the toothed

segments 4 inches broad, and they being 1 inch clear of the shrouding, gives a
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breadth over all of 3 feet 5 inches, and, when in the race, there should be
at least 1 inch of clear space on each side, free of the walls. The shaft e,

fig. 774, is not required to be longer than just to pass through the bearings, for

in wheels of this kind it is improper to take any motion directly from the shaft.

The eye-flanges b, fig. 773, 2 feet diameter, are separate castings, to which the

arms c are bolted ; the flanges being first keyed firmly upon the shaft. Tho
shrouding d d is cast in segments, and bolted to the arms and to each other at

rig. 77i

• tu« »»cth>h »*D •i.atAttox or * »cci»T w»i

their joinings. On the inside of the shroud-plates are formed the grooves for

securing the ends of the buckets and of the sole-boarding, in the form as shown
in the section from e to e. The form of the buckets should be such as to afford

the greatest possible space for water, at the greatest possible distance from the

centre of the wheel, with sufficient space for the entrance of the water and dis-

placement of the air. In discharging the water from the wheel also, the

buckets should retain the water to the lowest possible point. These conditions

are attained by making the pitch ///of the buckets, or their distance from lip

to lip, \\ time the depth of the shrouding; the depth of the front of the

bucket /g inside, equal to the pitch ; and the breadth of the bottom g h as

great as can be attained consistently with free access of the water to the bucket

immediately preceding ; this breadth, inside, should not exceed $ of the depth

of the shrouding.

1933. The shrouding plates are bolted upon the buckets and soling by bolts

passing from side to side ; and in order to prevent resiliance in the wheel, the

m
arms are supported with diagonal braces. The toothed segments i, fig. 774, are

bolted to the side of the shrouding through palms oast upon them for that purpose,
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and the true position of these segments requires that their pitch-line should coin-

cide with the circle of gyration of the wheel ; when so placed, the resistance to

riAM or a bucki: w*r«*-*ii**:-

the wheel's action is made to bear upon its parts, without any undue tendency

to cross strains. For that reason it is improper to place the pitch-line beyond
the circle of gyration, which is frequently done, even upon the periphery of the

water-wheel. The determination of the true place of the circle of gyration is

too abstruse to be introduced here ; nor is it necessary to be so minute in the

small wheels to which our attention is chiefly directed ; suffice it for the pre-

sent purpose to state, that the pitch-line of the segment wheel should fall

between | and § of the breadth of the shrouding, from the extreme edge of the

wheel.

1934. Another important point is that where the power is taken offfrom the

wheel ; that is, the placing of the pinion it, fig. 774. The most advantageous part

for placing this pinion is in a line horizontal to the axis of the water-wheel ; here

the whole weight of the water acts in impelling the pinion, while no strain is

brought on the shaft, beyond the natural weight of the wheeL In every position

above this, unnecessary strains are brought upon the shaft and other parts of the

wheel, and these increase with the distance from the first point k\ till, if placed

at the opposite point horizontal to the axis, the load upon the shaft would be

double the weight of all the water upon the wheel, over and 'above the weight of

the wheel itself.

1 935. Laying the water upon the wheel is another point of some consequence
;

but whether it be delivered over the crown of the wheel, or at any point below

that, the water should be allowed to fall through such a space as will give it a

velocity equal to that of the periphery of the wheel when in full work. Thus,

if the wheel move at the rate of 5 feet per second, the water must fall upon it

through a space of not less than .4 foot
;

for, by the laws of falling bodies, the

velocities acquired are as the times and whole spaces fallen through, as the

squares of the time. Thus the velocity acquired in 1" being 32 feet, a velocity

of 5 feet will be acquired by falling .1*56"
; for 32 :

1" ::5 : .156", and 1*»
: 16 :

:

.156"2 :.4 foot, the fall to produce a velocity of 5 feet But this being the

mininiuTi), the fall from the trough to the wheel may be made double this result,

or about 10 inches. The trough which delivers the water upon the wheel
should bo at least 6 inches less in breadth than the wheel, to give space for the

air escaping from the buckets, and to prevent the water dashing over at the sides
;

I, figs. 773, 774, is the trough, and m, fig. 773, the spout that conveys the water
.

to the wheel. It is convenient to have a regulating sluice n, figs. 773, 774, that
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serves to give more or less water to the wheel ; and this is worked by a small

shaft passing to the inside of the barn. The shaft carries a pinion fig. 773, work-
ing the rack of sluice-stem r, a small friction-roller « being placed in proper bear-

ings on the cross-head t of the sluice-frame ; and this apparatus is worked inside

the barn by means of a lever-handle upon the shaft of the pinion q. As a waste-

sluice, the most convenient and simple, in a mill of this kind, is the trap-sluice o,

which is simply a board hinged in the sole of the trough, and opening from the

wheel ; it is made to shut close down to the level of the sole, and when so shut,

the water passes freely over it to tho wheeL The lifting of this sluice is effected

by means of the connecting-rod u and crank-lever t>, the latter being fixed upon
another small shaft, which passes through the wall to the interior of the barn,

where it is worked in the same manner as the regulating- sluice n. When it is

found necessary to set the wheel, the trap is lifted, and the whole supply of

water falls through the shoot op, leading it to the bottom of the wheel-race b' 6',

by which it runs off, until the sluice at the dam can be shut, which stops further

supply. The wheel here described, if it moves at the rate of 5 feet per second,

will make 6f revolutions per minute. The pinion-shaft w, fig. 774, will carry

a spur-wheel at x, by whioh all the other parts of the machine can be put in

motion. The rate of the spur-wheel at x depends on the relation of the

water-wheel and its pinion. In the present case they are in the proportion of

8 to 1, and, as the water-wheel makes 6J revolutions per minute, this, multiplied

by 8, will give 54 to the spur-wheel.

1936. Ventilating Buckets.—Water-wheels, with wooden buckets of the form in

fig. 773, labour under great disadvantages while working in "back-water," that

is, when tho river is flooded, and the water rises against the wheel. When this is

the case, the wheel is not only resisted by the direct pressure of the water, but

the rising buckets lift a great deal of water—in some cases they are nearly filled

—

and cannot be relieved till the bucket clears the water. In other cases less water

is taken up, but the bucket contains air, which rarifies, and is the cause of some
water being dragged up. But even where no loss arises from back-water, in

descending, the bucket is prevented from receiving the water freely, from the

contained air having a difficulty in escaping. All inconveniences arising from

these defects are now obviated by using the ventilating buckets, the object of

which is to admit of the escape of the air while the bucket is receiving its load,

and, on the other hand, to admit of its

easy readmission while being emptied of
*

its load. The general substitution of

iron for wood has also enabled great

improvements to be effected in the form

and mode of setting of the buckets,

these being generally curved, as at a a,

b b, in fig. 775. The curved bucket has

been adopted, as it enables the water

to be longer retained, which adds so

much to tho power of the wheel. The
sooner the water is discharged, the

greater the loss. This loss decreases

with the increase of the size of the

wheel. When the bucket is of cast-

iron, the ends are inserted in grooves

of corresponding curve cast in the tmhuhmiuchh.

shrouding, as d d, fig. 775. When the buckets and the shrouding are both of

Klg. 775.
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wrought iron—the most satisfactory material which can be employed—the ends
of the buckets should be turned up at right angles, as at//, to admit of rivet-

holes being punched in them, by which they can be fastened to the shroud-

ing. In designing these curved buckets, the object in view should be to

obtain a form which, while it retains the water as long as it can act on the

wheel, should admit the water freely while the bucket is receiving its load, and
discharge it easily when its work is performed. Mr Fairbairn recommends
the proportion as under to be followed for wheels for high and for low falls

:

For high falls, the proportion of opening of the bucket to the contents should

be as 5 to 24—that is, for a bucket containing 24 cubic feet, the area of the

opening of the bucket should be 5 square feet. For low falls the proportion

should be as 1 to 3, or 8 to 24. The breadth of the shrouding d d, fig. 773, should

be for these proportions three times the width of the opening of the bucket.

1937. Principle of the Ventilating Buckets.—The principle of the ventilating

buckets is illustrated in fig. 776. As the water enters at a a, the air is forced

through the passage 6, and out at c, on to the inte-

rior of the wheel. Another method is also shown
in fig. 776. On this the tail of the bucket d d is

turned up as at d e, leaving a space between it

and the back of the sole-plate //the tail ter-

minating within a short distance of the bucket

above. As the water enters, the air is driven

through the aperture e to the bucket above. On
discharging the load, the air enters the bucket

at// and, passing down the channel, issues into

the bucket and facilitates the discharge of

the water. The advantages gained by this

method of construction will amply repay the

additional cost which it will incur. In a case

in practice, where, before the ventilating buckets

were added, the buckets acted as water-blasts and forced the water a consider-

able distance up in the air, after they were fitted the buckets filled and

emptied rapidly, and a gain of 25 per cent of power was obtained.

1938. The Turbine.—A new water-motor—the turbine—has, within the last

few years, been introduced into use in this country. It has long been success-

fully adopted on the Continent and in America
;
and, possessing many advan-

tages which peculiarly fit it for agricultural purposes, it is deserving of attention.

It is applicable to falls of water either too high or too low for an ordinary

water-wheel to be erected ; and from the shaft being vertical, and the velocity

of the wheel being with high falls very great, power can be at once taken from

it without the intervention of intermediate gearing. Turbines may be sunk in

back-water to a considerable depth without any material loss of power. In

cases whore the fall is great, although the supply may be small, the height

through wliich the water descends compensates for its small bulk, and a very

small machine may give power sufficient to work a< thrashing-machine, chaff-

cutters, &c. The low-pressure turbines give good results with even so low a fall

as 9 inches.

1939. The elementary principle of action of the turbine is to be found in

that contrivance known as Barker's centrifugal mill, which is figured in nearly

every work on Natural Philosophy, and which is doubtless familiar to all of our

readers. This contrivance, it may be here stated, consists of two horizontal

tubes attached near the foot to the opposite sides, and communicating with the
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interior of a vertical pipe, the foot of which revolves in a pivot, and the upper part
in bearings attached to the framework of the machine. The whole resembles
the letter T inverted—thus, ^. The horizontal arms are closed at their outer

extremities, but are provided with apertures at the sides near each end, and so

placed that they are on opposite sides of the tube. The upper extremity of the
vortical tube is provided with a funnel-shaped termination, into which is kept
flowing a stream of water, which keeps the vertical pipe continually full. The
water issues from the opposite holes in a horizontal direction, causing the arms
to revolve with a velocity nearly equal to the flow of the water through the

apertures. The force exerted is in proportion to the pressure of the column
of water in the vertical pipe, and to the area of the apertures in the horizontal

arms. While the lateral pressure is exerting its full force on the opposite side

of the arm, there is no solid body at the other aperture on which the lateral

pressure can be exerted. This gives one unbalanced pressure, which, according
to Dr Robison, is " equal to the weight of a column having the orifice for its

base, and twice the depth under the surface of the water in the trunk for its

height. If the orifice were closed, the pressure upon it would equal the weight
of a column reaclung to the surface ; but when open, the water issues with a
velocity nearly equal to that acquired by falling from the surface ; and the

quantity of motion which is produced is that of a column twice tlus length

moving with this velocity. The revolution of the machine causes the water

—

which, having descended the vertical pipe, moves along the arms—to partake
of the circular motion, thus producing a centrifugal force that is exerted against

the ends of the arms of the machine. According to the laws of motion, this

force increases in proportion to the square of the distance from the centre at

which it is developed. Thus the velocity of the efflux is increased, and also the

velocity of the revolution. But as the circular motion has to be imparted to

every particle of water as it enters the horizontal arm, which is done at the

expense of the motion already acqiured by the arm, there is a limit to the velo-

city even of an unloaded machine."

1940. In 1775, M. Mathon de la Cour proposed a modification of Barker's

centrifugal mill, just described, in which a pipe was brought down from an
elevated reservoir, and bent upwards at its lower extremity, to which was
attached a short pipe with two horizontal arms.

1941. A modification of this plan, by whioh any depth of fall was rendered

available, was patented by Mr Whitelaw of Paisley, who published an account

of his experiments with it, in 1845. The horizontal arms were bent somewhat
like the letter S, the curve being that of an Archimedean spiral. The depth
of the arms was at every point the same, but the breadth increased towards

the centre. This enabled them to contain a quantity of water at any one point

inversely proportionate to the velocity at that point, thus making as much of

the centrifugal force available as possible. From wheels on tlus principle Mr
Whitelaw obtained nearly 73 per cent of the power employed.

1942. The invention of the turbine is due to M. Fourneyron, who erected

the first example at Pont sur l'Ognon, in 1837. The success of this was so

decided that, although prejudice, as usual, for a long time prevented its speedy

adoption, the attention of practical men was directed to the principle of opera-

tion ; and in process oftime it was adopted very extensively both on the Continent

and in America. In its usual form the revolving wheel is placed horizontally,

and is provided with a series of curved buckets or channels. Within this

revolving wheel a fixed circular disc is placed, provided with a series of curved

guides. This disc or platform is secured to a vertical pipe or cylindrical chamber

;
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t

this is stationary, and hollow, the moving shaft of the revolving wheel passing

upwards through it. The water enters at the centre of the disc or platform,

passes simultaneously through all the curved guideB, and, diverging from the

centre, enters all the curved buckets of the wheel, and escapes at the outer

orifices in the periphery or circumference of the wheel. A cylindrical sluice

is used to regulate the admission of water from the central guides of the disc or

platform to the curved buokets of the wheel. This sluice is in the form of a

hoop, the inner diameter of which is equal to the circle formed by the inner

extremities of the curved guides in the fixed platform ; the under side of the

hoop is provided with a series of " stops," which, as the cylinder is lowered

—

by appropriate means hereafter to be illustrated—enter the Bpaces between the

guides, stopping all communication between the guides of the platform and the

buckets of the wheel.

1943. Fourneyron's Turbine.—In Plate XXX. we give in fig. 1 a vertical sec-

tion, and in fig. 2 a plan, of a Fournoyron turbine of three-horse power, manufac-

tured by Messrs Williamson, of Canal Ironworks, Kendal. It has been erected

at tho farm of William Wilson, Esq. of High Park, near Kendal. It is employed

to drivo the machinery of tho barn, as tho thrashing-machine, a pair of stones for

grinding meal, straw-cutters, root-slicers, &c. Tho following is a description of

tho figures in the plate : a is the pipe by which the water is convoyed into tho

wheel-case or cistern b 6, in the lower part of which are cast the guide-curves

c c, shown partially on the ground-plan, fig. 2, at c c. The water passes between

these guide-curves, and is directed by them so as to strike against the buckets of

the wheel d d. The wheel is formed chiefly of cast-iron, the 'buckets or vanes

being of galvanised wrought-iron. The curve of these vanes should be so formed

that the water may press steadily against them during its passage through the

wheel, afterwards escaping from them without velocity. Between the guide-

curves and tho wheel is a circular sluico e e, fig. 1, which can be raised or

depressed by means of brass screws /. These screws have at tho upper end

pinions gy
all working into a centre wheel h A, which works loose on a project-

ing part of the case. One of the pinion-spindles iB lengthened, and has on it a

hand-wheel, which, when turned, acts through the wheel simultaneously on the

three screws, and raises or depresses the sluice-ring e e. This gearing is shown

in dotted circles on the plan, fig. 2. The foundation-plate is at i i, from

which the wheel-cistern is carried by three wrought-iron columns k L The

wheel is keyed on a wrought-iron shaft I, tho lower part of which is bushed with

brass to receive tho pivot m. This pivot is of steel, and admits of adjustment

by brass nuts. A groove n n is formed in the bush, and a suitable opening

provided, to keep the pivot constantly cool and clean by a flow of water over its

surface.

1944. Thompson's Vortex-Wheel—In some modifications of the turbine recently

introduced, the water is received at its circumference and discharged at its

centre. Of this class the form known as the " vortex wheel," patented by Mr
James Thompson, A.M., of Belfast, has obtained a high reputation. In fig. 3,

Plate XXX., we give a section, and in fig. 4 a plan, of a five-horse power vortex-

wheel, manufactured also by Messrs Wilhamson of Kendal. This machine

has been erected at Holmscales Farm, near Kendal, tho property of W. E.

Maude, Esq., of Liverpool. It is nominally of five-horso power, and is

worked with a fall of 30 feet, the water being confined within a 9-inch pipe

;

the diameter of the wheel is only 10 inches, and 2\ inches in depth. It is em-

ployed to drive a very complete set of barn machinery, as thrashing-machine,

as also straw-cutter, cake-crusher, turnip-pulper, and a circular saw. a a is
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a portion of the pipe by which the water is brought down into the wheel-case b ft,

which is simply an annular cast-iron box, closed externally, but having at its

internal circumference four guide-blades ccc, between which the water passes,

and by which it is directed in such a manner as to strike the buckets of the

wheel. In the examplo before us, these passages between the guide-blades are

made of the exact size required for the passage of the quantity of water which
it is intended that the wheel shall consume when at full work, but under circum-

stances where the supply of water is irregular, and where economy in the con-

sumption, in seasons when the supply is deficient, is of more importance than

some additional first cost in the machine, the blades are made in such a man-
ner that the opening can be enlarged or diminished at pleasure to correspond

with the supply of water, d is the upright shaft by which motion is trans-

mitted to the machinery, and on which the wheel e e is keyed. This wheel is com-
posed of a thin plate of wrought-iron, on each side of which is built a circle of

buckets, shown in dotted lines on the plan fig. 4. These buckets are closed on each

end, but are open at their inner and outer circumferences, and the water enter-

ing at the exterior is discharged at the interior, and escapes through correspond-

ing openings in the wheel-case. /, fig. 3, is the pivot of lignum vitae on which

k the upright shaft d is supported ; it is fixed in a cast-iron bridge, and so con-

structed that it may be raised and depressed by a brass set bolt g. This pivot

is kept constantly immersed in water, and grooved in such a manner as to

maintain a regular flow over its surface, in order to keep it perfectly cool and
clean.

1945. In figs. 5 and 6, Plate XXX., we give a vertical section and plan

showing the arrangement of the pit in which the turbine is fitted up. The well

or pit a a, fig. 5, is sunk close to the wall of the barn ; b is the drain by which
the pipes containing the water are brought to the wheel, and c c of fig. 6 is the

discharge-conduit or tail-race, d d are the pipes, 9 inches diameter, for con-

veying the water into the wheel-case e, and are supported in the well by two
brackets //, bolted to strong beams built in the walls. By this means easy

access can be obtained to the pivot below the case, and the case itself can bo

readily removed without disturbing the pipes, g g is the upright shaft, on the

lower part of which is keyed the vortex-wheel, and which is steadied by
pedestals on brackets fixed to the pipe d d and to the wall of the barn. At the

upper end ofg are the bevel-wheels h h, by which motion is given to the horizontal

shaft i u This shaft traverses tho barn, and on it are a range of drums, for

giving motion to the various machines.

1946. The price of a six-horse power vortex-wheel, 10 inohes diameter, 2\
inches thiok, adapted for a fall of 44 feet, and consuming 95 cubio feet of water

per minute, is £40.

1947. Cfwynne's Turbine.—In fig. 777 we give an elevation, and in fig. 778 a
vertical section of a turbine, invented and manufactured by Messrs Gwynno
and Co., of Essex Wharf, Strand, London.

1948. Fig. 777 is an end elevation of the improved turbine or horizontal water-

wheel. The construction is somewhat similar to that of the centrifugal pump,
described in par. 1895, but the action is the opposite, a a is the feed or supply

pipe, which brings the water from the fall or other source of supply : it may be

placed in any other position, as shown by the dotted lines bb; c is the case or

receiver of the wheel, fixed on a solid stone foundation'; the wheel works inside the

case c, and is keyed upon the vertical shaft d ; the arms of the wheel are formed

somewhat similar to those in the centrifugal pump, but as they approach the

centre they sweep gradually round like a screw, and terminate downwards into
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the pipe e at right angles to the commencement of the arms. When the water

Fig. 777.

*KU f. *VA1ir>« OruXTIItl t Tt'REIW | men to th» roor.

enters through the pipe a a, it acts upon the arms while passing through the
case to the only exit c, where it escapes ; and the screw-like termination of the
arms, seen at g, fig. 778, absorbs from the escape of water any velocity it may re-

tain exceeding that at which
rig. 7ta l . the wheel is moving ; so that

in this way the maximum
power is obtained from the
direct pressure of the water;
it also acts upon the wheel
by its reactive motion. An
improved governor is shown
at f, fig. 777, by which the
speed of the wheel is regu-
lated. The power of the
wheel may be conveyed as
desired by the bevel-wheels

g g, and the upright shaft d
may be of any desired length.

1949. Fig. 778 is a section of the turbine, where a a is the bed-plate by which
it is bolted to the foundation ; b the wheel-case, obtaining its supply of water
from the pipe cc; d d the wheel ; « the vertical shaft supported in bearings /
and g.

1950. The price of GWynne's turbine may be set down at £40. The power
will depend upon the fall.

1951. Section Third.—Steam Power.

1952. The Steam Engine.—We deem it scarcely necessary to enter into a detail

of the important uses to wliich the steam-engine can be put, in the general

vmnrtc*;. »t< no* or j*t«iir'i tcirimki—tMM, | is< u re mi roor.
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business of the farm; yet, considering the numerous employments in other

pursuits in which it is a powerful aid, it is somewhat surprising that its adapta-

tion to agriculture has been so amazingly tardy. In the varied branches of our

manufactures the steam-engine plays an important part. With its aid we pro-

duce the plainly usefid as well as the beautifully elegant of our textile fabrics.

Aiding untiringly in simple operations, as the turning of the potter's or the

knife-grinder's wheel, it directs, with equal ease and unvarying precision, the

complicated motions of our rarest and most cunningly-devised mechanism. But
not only have we to admire the power of the steam-engine ; the ease with which
it can be controlled claims also our consideration. While treating of its force,

we must not forget its gentleness
;
performing labour with untiring energy,

which the might of a hundred men would be useless to effect, this power is

controlled by the ayl of an infant's hand. With a power so great and so

untiring, yet so easily controllable, and with a facility of adaptation to almost

any kind of labour which the energy of man or the muscles of our horses have
been accustomed to perform, the steam-engine is apparently destined to aid

the farmer, as it has so ably aided the manufacturer ; and it is gratifying to

notice the increased and increasing attention which our agriculturists are giving

to this important aid to progress. Scarcely can we enter into the discussion of

an agricultural society, or peruse the records of an agricultural journal, but
what in some way or other the steam-engine is mentioned, eithor in the way of

recommendation of its economy, or in corroboration of its powers.

1953. Properties of Steam.—In giving our remarks on this important depart-

ment of agricultural mechanism, the subject we shall first consider is the "Pro-

perties of Steam." Steam, theoretically, is the vapour produced from water at

any degree of temperature. For practical purposes, however, steam is defined

as the vapour of water when heated by artificial means to the boiling-point, or

212° Fahr., and upwards. It is distinguished from other gaseous or aeriform

fluids by its property of convertibility into the form of water, from which it is

produced, other gases having the property of permanent retention of their

aeriform condition. From this property of steam is derived one of the sources

of its mechanical power. The elasticity of steam is that property by which it

expands its bulk or volume, and tends to free itself from the space in which
it may be confined. In the steam-engine boiler the amount of elastic force is

estimated by the pressure against the safety-valve, or by the maintenance of a

column of water in the feed-apparatus, or of mercury in the steam-gauge.

Generally the elasticity is measured by or compared with that of the ordinary

atmosphere, the density of this being represented by a barometrical column of

mercury 30 inches high. The elasticity of steam depends upon its temperature,

the elastic force being increased in proportion to the rise of temperature. The
following table shows the rate of increase, or the connection between the tem-

perature and elastic force of steam. Thus at 212° of temperature the elastic

force of steam is estimated at one atmosphere, or 15 lb. to the square inch

;

at 250° of temperature, it is estimated at two atmospheres, or 30 lb. to the

square inch, and so on as follows, discarding fractions, and extending to ten

atmospheres, or 150 lb. to the square inch :

—

275* 3 atmoHpheres. 294 4 atmospheres.

807 5 „ 320 6
332 7 „ 342 8

851 9 „ 359 10

1954. Water, on being converted into steam, increases in bulk or volume to a
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largo extent : a cubic inch of water forming a cubic foot of steam
;

or, in other

words, it expands into 1728 times its former bulk ; this is on the supposition

that the pressure is at 15 lb. to the square inch. In common with other gases,

the degree of expansion is in proportion to the pressure ; with double pressure

the degree of expansion is nearly one-half. The expansibility or expansive

force of steam is another source of mechanical power, and may be defined as the

power possessed by the particles of steam of receding from one another, so as

to occupy greater space with the same weight. As above stated, the bulk or

volume of the steam produced from a given quantity of water varies in propor-

tion to the pressure under which the steam is raised. At 20 lb. on the square

inch, the bulk is not 1728 times that of the water, as is the case when the pres-

sure is 15 lb. to the square inch, but is decreased to 1280 times. At 25 lb. to

the square inch, the bulk is 1044 ; at 35 lb., 767 times ; at 40 lb., 678 ; at 45

lb., 610 ; and at 50 lb., 554 times.

1955. Another remarkable feature of steam is its latent or concealed heat: by

this term is meant the amount of heat consumed in producing the evaporation,

over and above that which is necessary for the raising of the temperature ; and

it is termed latent in consequence of its not being evident to the thermometer.

From practical experiment, the latent heat of steam has been estimated to amount

to 1000°. Supposing a quantity of water is raised from the temperature of

32° to 212°, or the boiling point, in a certain time,—to raise this quantity of

boiling water into steam the time consumed will be 5^ times that formerly

required, the amount of heat given out by the fuel used being all the time

invariable in intensity. From this it may be seen that it takes 5£ times the

amount of heat to raise a given quantity of water into steam that is required

to raise the same quantity of water from the freezing-point, 32°, to the boiling-

point, 212°
;

or, as generally expressed, to raise 1 lb. of water into steam from

the temperature of boiling water, takes as much heat as will raise 5^ lb. of

water from the freezing to the boiling point. Hence is deduced the amount of

the latent heat of steam: the boiling-point, 212°, is 180° above the freezing, 32°;

180 multiplied by 5$ gives 990, or 1000, as it is generally stated. It is from

a knowlodgo of this fact of latent heat that the large quantity of fuel expended

in raising steam in steam-engine boilers is easily accounted for. The amount

of latent heat of steam now mentioned is that where it is generated under the

ordinary pressure of 15 lb. to the square inch ; at higher temperatures or pres-

sures the amount of latent heat is decreased, and this in proportion to the

increase of pressure. At all pressures, the total amount of latent heat, and

that indicated by the thormometer, isiuvariably a constant sum—namely, 1212°.

Thus, where the pressure is increased so as to raise the temperature to any

certain amount, tho latent heat of the steam will be equal to the amount left

after subtracting tho temperature of the steam from 1212° : thus, if the tem-

perature of tho steam is 400°, the latent heat of the steam is 812° ; if the tem-

peraturo is 300°, the latent heat is 912°, and so on. From this is deduced the

important truth, thatby no alteration of pressure will a greater economy of fuel

be obtained : but that, on the contrary, tho consumption of fuel in raising a

gwen quantity of water into steam is tho same, whatever be the amount of

pressure.

1956. High and Low Pressure Steam.—Steam, as used for mechanical purposes,

may be divided into two classes—" high pressure " and " low pressure." By the

latter is meant steam raised under a pressure a little above that of the atmo-

spheric pressure, and which varies from 19 to 25 and 30 lb. to the square inch.

When loaded to 20 lb. on the square inch, the steam passed into the cylinder is
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calculated, in good engines on the low-pressure system, to give 17 lb. on the

square inch of the piston. Steam of 25 lb. on the boiler-valve, with 20 lb. on
the piston, will be efficient in low-pressure engines. High-pressure steam is .

that raised under a pressure of from 30 lb. to 90 lb. on the square inch. Steam
raised at the temperature of 212° is called steam of one atmosphere, and its

pressure is 15 lb. ; steam of 30 lb. pressure is called steam of two atmospheres ; of

45 lb. of pressure, steam of three atmospheres. The pressure at first fixed by the

Royal Agricultural Society was 45 lb. to the square inch ; it is now 50 lb. In
view of the important results derivable from the system of working at high
pressure, there is little doubt but that this limit must be soon exceeded. Mr
Waller is of opinion that it might be raised to 70 lb. or 75 lb. with advantage.

Mr Bethell proposes to work at a pressure of 200 lb. to the square inch ; while

Mr Collinson Hall, in his compact portable engine exhibited at the Salisbury

Show in 1857, works at the enormous pressure of from 300 lb. to 320 lb. on
the square inch, working at this with safety, and with an expenditure of fuel

unpreoedentedly low. All experience shows that we are about to enter on a
wide field of " steam-engine working " by the employment of high pressure, far

above what is now considered by many safe or advisable.

1957. Although condensing engines are called low-pressure engines, it does
not follow that they are worked with low-pressure steam : now that the expan-

sive principle of working is so much carried out, condensing engine-boilers are

often loaded with 40, 50, 60 lb., and, in some instances, as high as 70 lb. to the

inch.

1958. Where evaporation of water is carried on quickly, the violent ebullition

causes the steam to take up with it a quantity of watery particles; this is a fruitful

source of mischief in the working of engines, as will hereafter be noticed. Where
means are taken to allow the water to detach itself from the steam before the

latter is passed to the engine, the steam is termed dry or anhydrous. An arrange-

ment will be figured hereafter by which this important end can be carried out
1959. It is important to note that impurities in water not only, in some

instances, cause great deterioration in the boiler, but also retard very considerably

the formation of steam. Mr Tenipleton, in his useful work entitled the Workshop
Companion, gives a " Table," from which we draw up the following statement

:

The boiling-point of pure water being taken at 2 12°, sea-water containing salts, the

proportionate quantity of the solid parts of which in 100 parts by weight of water
is 3.03, does not boil at 212°, but at 213°.2. Where common water has an impu-
rity of sulpfiate of soda equal to 31.5 parts in every 100 parts by weight of water,

the boiling-point is 213°. When there are 64 parts of sulphate of iron, the boil-

ing-point is 216°. When the water has 52 parts of alum, the boiling-point is

220°
; with 45 of sulphate of lime, the samo ; with 57£ of sulphate of magnesia,

222° ; with 30 of muriate of soda, 224° ; with 60 of nitrate of soda, 246°
; and

with 60 of acetate of soda, 256°. And the degTee to which the impurity of

water may impair the elasticity of steam may be gathered from the following—
that, with common water, the boiling-point of which is at 212°, the elastic force

of steam, in inches of mercury, is measured at 30 inches ; that of sea water,

under the same circumstances, is only 23.05 inches. Common water at 220°

shows an elastic force of 35.1 inches; sea water at 200° only 26.5 inches.

1960. Effect of the Condensation of Steam.—In the condensing or low-pressure

engine the mechanical effect is produced by the condensation of the steam, and by
its expansive action. The rationale of the mechanical effect produced by condensa-

tion is very simple. As before stated, par. 1 953, steam differs from other gases in

being capable ofbeing retained in the aeriform state only by a retention of its tern-
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perature
;
by lowering this, either gradually or instantaneously, the vapour is

reduced to its original form of water—a cubic foot of steam takiug the form of a

cubic inch of water. Let us suppose a cylinder provided with a tight-fitting

piston, and having a capacity, when the piston was raised to its full height, of 1

cubic foot—suppose this filled with steam at the ordinary atmospherio pressure,

—

on being condensed, the steam will be reduced to the space of 1 cubic inch of

water, which will occupy the lower portion of the cylinder, all the remaining

portion between the surface of the water and the under side of the piston being

a vacuum more or less perfect. The upper side of the piston, being open to the

external atmosphere, is pressed down into the cylinder with a force of 15 lb. to

the square inch, and, if supplied with proper appliances, would pull up a certain

amount of weight hung by a chain over a pulley, the weight so raised being a

measure of the mechanical effect produced. Here it is evident that the real

amount of mechanical effect produced by the condensation of 1 cubic foot of

8team into 1 cubic inch of water, will be precisely the same as the effect pro-

duced by the raising of a cubic inch of water into a cubio foot of steam.

1961. What this mechanical effect is will be seen from the following. As

before stated, par. 1954, a cubic inch of water expands into steam sufficient to

fill the space of a cubio foot, or 1728 cubio inches. Now, supposing a cylinder

to be provided with a piston loaded with a weight of 1 5 lb. to its area of 1

square inoh, and a cubic inch of water placed beneath it—by raising the water

into steam the piston would be raised 1728 inches high, supposing the cylinder

to be long enough ; here the mechanical effect produced has been the raising of

15 lb. 144 feet high, or 2160 lb. raised 1 foot high. Hence the calculation

which has been made is, that, by the evaporation of 1 cubic inch of water, the

mechanical force produced is nearly equivalent to the raising of 1 ton 1 foot

high (2240 lb. = 1 ton- 2160 lb. = 80 lb.) This theoretical effect is the same

in all cases, whatever be the pressure under which the steam is raised : thus

steam raised at 45 lb. to the square inch will only raise the piston one-third the

height, or 48 feet; but 48 x 45 (the pressure) is equal to the same as 15 x 144,

or 2160. Of course, in practice large deductions are to be made, for friction and

other causes, from this the theoretical effect produced by the evaporation of a

cubic inch of water into steam.

1962. Effect of the Expansion of Steam.—The expansive properties of steam

afford another source of mechanical power in the condensing steam-engine. We
shall hero point out this property only generally, giving it further investigation

when we have explained the mechanism of the condensing engine. The pressure

of air or of gaseous fluids varies according to the spaces into which they are com-

pressed : thus, a quantity of air forced into a vessol so as to occupy only half

the previous bulk, its elastic pressure is increased to twice the amount ; if com-

pressed so as to go into one-fourth the space, the elastic pressure is increased

four times. On the other hand, if a gas is allowed to expand into a space

twice its original bulk, the pressure is decreased one-half ; if allowed to expand

four times its original space, the pressure is diminished to one-fourth of its

original pressure. Steam, in common with other gases, obeys the same laws.

Suppose steam of a certain pressure is admitted to press upon the piston of a

steam-engine, and that at the middle of its stroke—or when half of the space

of the cylinder remains to be passed through—the entrance of the steam to the

cylinder is cut off,—by virtue of the expansive properties of steam, the piston is

propelled to the extremity of the cylinder through a space equal to half its

length: the space into which the steam is passed is, however, twice its original

bulk, and, in virtue of the law of expansion of gases just pointed out, the
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pressure is reduced one-half. Supposing the force of the pressure of the steam

to have been originally half a ton, on finishing its stroke the pressure on the

piston would only be a quarter of a ton. By this method of working it is

evident that half a cylinder of steam is saved, and that although the power

by which the piston is impelled is gradually decreasing as it approaches the

completion of the stroke, it is clear that this power, whatever be its aggregate

amount, is gained without any expenditure of steam, and consequently fuel.
44 The power of the engine," says an authority on this point, 44

is of course

diminished by this procedure ; for the piston will descend with less force when
urged merely by the diminishing effort of the expanding steam, than if pressed

upon by steam of the full pressure, entering to the end of the stroke from the

boiler. But steam, or in other words fuel, is saved in a greater proportion than

the power of the engine is diminished ; so that the expansive principle augments,

and very materially too, the motive efficacy of the fuel." While explaining the

methods adopted of working steam expansively, we shall enter further into the

investigation of this important principle.

1963. Efficiency of Fuel.—Steam, for practical purposes, is raised by the

combustion of fuel of various kinds and qualities ; an investigation into the

methods to be adopted for getting the greatest efficiency out of the least quan-

tity of fuel is therefore of the greatest importance. This inquiry necessitates

an investigation into the various appliances connected with furnaces and

boilers. The mechanical effect produced by the combustion of a given quantity

of fuel is generally stated somewhat as follows : In ordinary land-boilers the

combustion of 1 lb. of coal will raise from 6 to 8 lb. of water into steam ; in

some Cornish boilers the quantity raised by the combustion of 1 lb. is much
higher—as high as 9 and 10 lb. A horse-power is calculated to be equivalent

to raising 33,000 lb. 1 foot high per minute, and is attained by the evaporation

of 1 cubic foot of water into steam per hour—6 lb. of coal being required to raise

this quantity of steam. By the consumption, then, of 6 lb. of coal per hour, a

mechanical effect of 1 -horse power may be obtained. A much greater degree

of economy is, however, attained in large engines working expansively. In

some of the Cornish mining engines, 1-horse power is attained by the combustion

of little more than 3 lb. of coal per hour ; and in some to such an extent has

economical working been carried, that, by the combustion of about If lb. of

coal per hour, a mechanical effect equivalent to 1-horse power has been obtained
;

showing the enormous duty of 100,000,000 of lb. raised 1 -foot high per minute

by the consumption of 94 lb. of coal. It is gratifying to be able to state that the

engines manufactured by agricultural-implement-makers nhow results which

rival those of tho celebrated Cornish engines just referred to. The trials of

many of them showed that so small a consumption of fuel as 3£, 4, and 4^
lb. per horse-power per hour was attained, while, under circumstances of ordinary

working, b\ and 6 lb. were sufficient to give out a horse-power. Mr Hall states

that in his engine, previously alluded to (par. 1956), the consumption is only

\\ lb. of coal per indicated horse-power per hour. Amazingly economical of

fuel as this plan of working appears to be, an able authority states that he

believes it is able to be carried out with high pressure and sufficient expansion.

1964. The evaporative effects of various fuels differ in different qualities.

Thus Newcastle caking-coal takes 8y lb. nearly to raise a cubic foot of water

into steam ; Staffordshire takes more than 1 1 lb. Government recently insti-

tuted an inquiry into the evaporative effects of fuel and their management.

From the Report* issued, which contains a vast amount of practical information,

* Report of Experimental Investigations on Coahfor the Steam Nary. By Sir H. de la Bbchk
and Dr Ltoh Play fair.
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we derive the following useful table, showing the economic values of various

coals experimented on :

—

Ivcouowlc
vv:ijK»P;fctili^

power, i>r nuni- Weight of 1

!

Weight Of 1

vt bibii* oi

water #vajK>-

Rat* Of eva-

poration, or
number of

Dourulj of

waUr evapo-

liour.

NamKB of Coals csrd in tub bar of|KMiud» cubic foot of cubic foot, bs
calculated

rated from

Exmumnt, of water era- the coalt, aa 213* by 1

}«orntf<l from
212° by 1 lb.

of coal.

u»ed for fual. from dctuitv. cubic foot of
coal

Welsh Coals.
9.35

lb. lb. Mean.
Graigola, 60.166 80.107 581.20 441.48

Anthracite, Jones ft Co., 9.46 58.25 85.786 565.02 409.37

Old Castle Fiery Vein, .

Warda Fiery Vein,

8.94 50.916 80.42 455.18 464.30
9.40 57.433 83.85 608.78 629.90

Binea, .... 9.94 57.08 81.357 587.92 486.95

Llangeunech, , 8.86 56.93 81.85 523.75 373.22

Pentrepoth, . 8.72 57.72 81.73 618.32 381.50

Pentrefelin, . 6.36 66.166 84.726 489.62 247.24

Duffryn, 10.14 53.22 82.72 540.12 409.32

Mynydd Nowydd, 9.52 56.33 81.73 536.26 470.69

Three Quarter RockVein, 8.84 56.388 83.60 498.46 486.86

Cwm Frood do., .

Cwm Nanty Oroe,

.

8.70 5.5.277 78.299 480.90 379.80

8.42 56.0 79.859 4/1.52 404.18

ReaoWen,
i onij j»ooi, . •

9.53 58.66 82.354 559.02 390.25
7 17
f .'1 4 OO.

1

so

9 79 50 5 82.6 494 :jy» ** » • **** 476.96
Khbw ViiloM~4%JIJW W 4A.iV.y B> • • 10.21 53.3 78.81 544.19 460.22

Porth Mawr, 7.53 53.3 86.722 401.34 34744
Coleahill, 8.0 53.0 80.483 424.0 406.41

Scotch Coals.

Dalkeith Jewel Seam, . 7.08 49.8 79.672 352.58 355.18

Coronation do., 7.71 51.66 78.611 398.29 370.08

Wallsend Elgin, . 8.4G 54.6 78.611 460.82 435.77

Fordel Spliut, . . 7.56 55.0 78.611 415.80 464.98

Grangemouth, . . 7.40 54.25 80.48 401.45 380.40

Enousu Coals.
Broomhill, . 7.3 52.5

Lydney, Forest of Dean, 8.52 54.444

Ieish Coal.
Slievasdogh anthracite, . 9.85 62.8 99.57 618.58 473.18

Patent Coals.
Wyolam'8, .

Bells

8.92 65.08 68.629 580.51 418.89
.53 65.3 71.124 557.0 549.11

Warlicks, . 10.36 69.05
•

72.248 715.35 457.84

1965. It is but right to state that the results here tabulated are considered

by some authorities as by no means conveying a correct notion of the evapora-

tive values of the various coals referred to.

1966. It might be advantageous were some of our agricultural societies to

institute experiments relative to the evaporative powers and the best method

of management of various qualities of coal used in our agricultural districts.

With the prospect of a largo increase of steam power among our farms, this

investigation would be highly valuable. None but those who have had practical

experience in the management of steam-engines can have an accurate idea of the

importance of good fuel, and of good methods of management. It must be very

evident, even to the most superficial observer, that on the economical operation

of the furnace depends in great measure the economical working of the steam-

engine.

1967. We conclude this department of our subject, by giving the following
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table, for which wo are indebted to the valuable work of Tredgold (Walton &
Maberley, London) on Wanning and Ventilating ; it will be useful as affording

a ready means of judging of the comparative evaporative powers and cost of

various fuels.

Giitintitv In Ih

that will heat
one cubic foot of

OnanHlv In IK

Kixd or Fukl.
that will convert
one cubic foot of
water into Meant.

0.0075 8A
Splint coal (nearly the some), ....
Staffordshire coal (cherry coal) o.oioo 11.2

0.0196 22.0

0.0172 19.25

0.0242 27.0

0.0265 30.0

0.0475 53.6

0.0095 10.6

0.0069 7.7

0.0205 23.0

1968. By the above, the superiority of coke over coal is shown : thus,

taking 8.4 lb. of Newcastle coal to raise a cubic foot of steam, 7.7 lb. only of

coke is required.

1969. Varieties of Boilers.—We now come to describe and illustrate the two
varieties of boilers principally used for agricultural purposes

;
namely, the cylin-

drical and the flued or tubular boiler.

1970. Cylindrical Boiler.—The form of cylindrical boiler most generally used
for small high-pressure engines is shown in Plate XXXI. It is in shajn) a true

cylinder, with hemispherical ends. When hung with a 11 direct draft," or on
44 the oven plan," as it is termed, the ilame and smoko pass at once from the

furnace b, fig. 2, across the bridge c, along the bottom d, and to the chimney
through the flue e. This method of setting cylindrical boilers is much to be
deprecated, from the liability to explosion from the flame and heated air

getting access to the boiler above the water-line. This will be more rally

entered into while treating on boiler explosions, their causes and remedies.

1971. Another way to set a cylindrical boiler is to have side-flues, as e e, fig.

1, Plate XXXI., so as to form a wheel-draught, the course being over the bridge c,

and along the bottom of the boiler to the further end, where it rises at

the back, and from the back to the front of the fur- ^ ^
nace, through one of the side-flues, round the front

of the boiler, and, turning into the other side-flue,

finally passes into the chimney.

1972. Cylindrical boilers for high-pressure en-

gines are sometimes made with an internal flue, as

a, fig. 779. With this form of boiler the draft is

what is termed a "split draft," the flame and

heated smoke passing from the furnace along the

bottom of boiler, to the end of the furnace, and,

rising up to the internal flue a, passes to the front

of the boiler, where it divides and traverses the

two side-flues, and from thence into the main

chimney-flue.

1973. Multitubular Boiler.—A form of boiler rapidly extending in use, and

MS",m

m
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based upon that of the locomotive, is known as the multitubular or fire-box

boiler. This form of boiler is one generally adapted to the portable engines of

the farm, but is equally applicable, under slight modifications, to stationary

engines. In fig. 780 we give a longitu-

dinal section of the multitubular boiler,

now being largely introduced by Messrs

Gordon and Co., engineers, of Stockport.

With this boiler, steam can be raised in a

very short space of time, a is the fur-

nace-door, b the dead-plate, c c the fur-

Fig. 781.

imtynvaiuiii iitiiun or ut i in ubi;i_nt

Fig. 781.

i»» ri *v»uoK or MPLTiTCHtJL*n i> 11 »n

nace-bars, d bridge, with valve for ad-

mitting air to consume the smoke beneath

it, e e tubes passing through the boiler,// stays to strengthen the boiler, g the

man-hole door. In fig. 781 we give a transverse section of boiler, showing

position of tubes and stays ; and in fig. 782 end elevation, showing fire-doors

a a, b ash-pit, c c end of boiler, d man-hole door, e e standards on winch the boiler

is supported. In Plate XXXII. we give views of a boiler on tins principle.

1974. Details of the Cylindrical Boiler.—We proceed to describe in detail tho

various parts of these two classes of boilers, and, first, of the cylindrical,
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illustrated in Plate XXXI. This is generally constructed of the beet Stafford-

shire plate, the plates being generally bent to the circle while in a cold state by
the aid of rollers. The joinings are all effected by riveting with short bolts

fths of an inch in diameter, the rivet-holes being previously made by the aid of

a punching-niachine. The rivets are inserted and closed up iu the hot state, so

that, besides the effect of riveting to draw the contiguous surfaces of the plates

into close contact, there is the powerful contraction of the iron while cooling to

produce still more perfect contact To insure perfect tightness in the joinings

or landings, technically so called, tho whole of the joints, after they are riveted

up, undergo a process of caulking, which is simply stamping up the edges of

tho adjoining plates into intimate contact by means of flat-edged chisels struck

with a hammer.
1975. The figs. 1, 2, and 3, Plate XXXI., represent a plan and two sec-

tions of a steam-boiler for a 6-horse engine. Fig. 3 is the plan, the one-half of

it taken above the level of the boiler's bottom, the other half below that level.

a is the furnace-door and dead-plate, b b the furnace-bars, and c the bridge or

throat of the furnace, over which the flame is drawn with great force, proceed-

ing along the flat flue d to the extremity «, where it is turned into the first

side-flue /. The figure exlubits also the top of the boiler g, but without any of

its furniture ; h h is the continuation of the flue round the end of the boiler,

leading into the other side-flue i t, which terminates in the chimney k; 1 1 are

walls of the boiler-seat, and to to the flue-ports, which are movable plates, to

admit of access to the flues for the purpose of cleaning. The damper i' is a

metal plate suspended by a chain, and its purpose is the increase or diminu-

tion of the draught.

1976. Fig. 2 is a longitudinal section, in which a again marks the furnace-

door, b the furnace-bars, c the throat, and d the flat flue, e being the first bend

of the flue, and h that part of it that turns the front of the boiler. The boiler

g g appears here in complete section, r being the feed-pipe from the engine-

pump, delivering the water near the bottom of the boiler ; o is the man-hole

door, and p the steam-pipe, for conveying the steam to the engine
; q is the

safety-valve, which should not be less than 3 inches diameter ; and n is one

of the gauge-cocks. The parts 1 1 represent the brickwork of the boiler-seat

;

m is the ash-pit, and n a closed port for the removal of dust from the dust-

hole d'.

1977. Fig. 1 is the cross section, wherein a is the ash-pit, 3 feet in height

;

b the furnace-bars, c the bridge, and d the tliroat, which should not exceed

8 inches in height ; e e are the side-flues—their breadth at bottom, measuring

from the sides of the furnace, should be not less than 16 inches. The boiler is

here represented by g, and the waste steam-pipe by p}
o being the clasps of

the man-hole cover, q tho safety-valve, and n the feed-pipe ; Jc is the chimney
flue, and m is an entrance-port.

1978. DetaUa of the Multitubular Boiler.—In Plate XXXII. we give figures,

of a multitubular and flued boiler, of six-horse power, manufactured by Messrs

Carrot, Marshall, & Co., Leeds. Fig. 1 is a part transverse section, fig. 2 an

.end elevation, and fig. 3 a longitudinal section, a a the central flue, b the fire-

bars, cash-pit ; d d, fig. 1, the tubes through which the heated air passes to the

chimney p, figs. 2 and 3, infront of the boiler; e e are standards on which the boiler

is supported, free from all brickwork setting
; //, fig. 1, glass water-gauge, gg

steam-dome, A pillar for supporting water-indicator wheel and alarm apparatus.

As the weight i rises and falls according as the level of water in boiler acts upon
the float with which it is connected, it causes the float-rod to operate upon the
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lever o, and to open or shut the steam-whistle n. The apparatus thus acts as a

water-indicator and a safety alarm. The furnace-door is at r; *, fig. 3, the

spring safety-valve on top of dome, t 1 lever and spring-box, v cock of steam-

pipe leading to engine, x x stays to strengthen the boiler, w furnace-bridge.

This is an exceedingly compact and well-arranged portable boiler. On the

principle of the " split draft," the heated air, after passing along the main flue,

returns on either side through the smaller tubes d d to the chimney p, which is

placed in front of the boiler. It has a favourable reputation as an economical

and quick steam-raising boiler.

1979. As this boiler is perfectly independent of all brickwork—a feature

which it possesses in common with the majority of other forms of multitubular

boilers—it may be called a portable boiler, as it can be easily set down in different

positions.

1980. Vertical Tubular Boiler.—A form of tubular boiler coming into use, and

the principle of which is most favourably noticed by a first authority, is that

known as the Vertical Tubular Boiler.

1981. Vertical tubes pass through the water-space; the heated air and smoke
pass out at the upper end ; an outer case of brick might be made to surround the

boiler, and the smoke and heated air led downwards so as to circulate between

the shell of the boiler and the casing, and finally passed to the chimney-flue. A
practical authority recommends the fire to be covered with a brick dome, having

on the crown perforations opposite the apertures of the tubes—thus obviating

to a considerable extent the danger of the bottom tube-plate being burnt out.

1982. An objection to this plan of boiler is, that if the water supplied is of im-

pure quality, a sedimentary deposit will accumulate on the bottom-plate; this

inconvenience has, however, not been experienced in boilers in practice, and this,

probably, from the extreme agitation of the water caused by the steam rushing

upwards. To prevent deposit a blow-off cock should be attached to this boiler

near the bottom, by which, from time to time, the water at the lower portion,

with such sediment as may be therein, can be passed away from the boiler. The
operation of " blowing out" can only be effected with certainty when the steam

is at considerable pressure.

1983. In fig. 3, Plate XXXVIL, we give a section of a vertical boiler manu-
factured by Mr William Walker, engineer, of Lower King Street, Manchester.

In the figure, a is the fire-door ; b the fire-bars ; the heated air passes upwards

through the tubes ccc, which are surrounded by water up to the level d d. The
position of the water-level is indicated by the glass water-gauge c e, hereafter

to be described
;
//the steam supply-pipe

; gg a blow-off pipe, connected with

the main chimney-flue h.

1984. Duplicate Retort Steam Boiler.—We deem it right to notice here a form

of boiler which, from the portability of its component parts, and the comparative

immunity it gives from the dangers of explosion, we think applicable to stationary

agricultural engines. It is known as the Duplicate Retort Steam-Boiler,the inven-

tion of, and manufactured by, Messrs Dunn, Huttersley, and Company, Windsor

Bridge Ironworks, Pardleton, near Manchester. We give in fig. 783, a partly

longitudinal section and side-elevation of a furnace and boiler on this plan.

From this it will be seen that the peculiarity of the plan is the employment of a

series of cylindrical retorts a a a, each of which constitutes a separate boiler.

These retorts are placed in parallel lines, and the water supply-pipe b is con-

nected with one end of each cylinder by short pipes, as c c. Through these

water is pumped into all the oylinders, so as to maintain the supply up to their

semi-diameter. As the steam from the cylinders rises, it passes off by pipes ddd
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to the interior of the steam-chest eee, from which it is led offby a pipe attached

to the stop-valve box/; g is the safety-valve pipe ; h h the springs which regulate

rig. rex

the runnel; i the pressure indicator; k the furnace-door; I the fire-bars; m the

smoke-flue leading to the chimney. The cylinders are made of the best ^-inch

Staffordshire iron, with cast-iron ends, and are tested, before fitting up, with a
pressure of 250 lb. to the square inch, and guaranteed for two years. It will be
perceived that the risk of explosion is comparatively little, as, in addition to the

great strength of each retort, it will rarely happen that more than one retort

will explode at the same time. The cylinders being small, a boiler of consi-

derable power may be transported easily piecemeal. Again, the wear of the

set may be equalised by shifting those which for a time have been subjected

to the strongest heat, to a place where the heat is less intense. Another advan-

tage possessed by this plan is, that each retort being independent of the others,

it can be turned round, exposing gradually the whole of the surface, and thus

wearing it out uniformly. Again, where muddy water is used, the sediment

will collect in the retort furthest from the fire-grate, it entering this first. This
first retort will also act as a water-heater ofan extremely simple and efficient kind.

1985. Proportions of Boilers.—Having illustrated the varieties of boilers now
in use, or attracting the attention of engineers as likely to be economical and
quick raisers of steam, we finish this department of our subject by giving a few
notes on tho proportions of boilers with reference to their heating surfaces, the

steam and water space, and the areas of fire-grate and chimney flues. The
limits of our work preclude us from going as fully into this important point as

we should have wished; but those desirous of thoroughly understanding the

whole bearing of the case cannot do better than consult the pages of Weale's

(High Holborn, London) shilling volumo on " Steam-Boilers," by Mr Armstrong,

one of our beBt authorities on the subject.

1986. The whole surface of the boiler exposed to tho action of the heated air

is by somo engineers calculated as effective heating surface. This, however, is

erroneous, and a fruitful source of disappointment as to working capabilities. It is

now admitted by authorities that the surfaces on which the upward action of the

heated air is brought to bear can only be effective heating surfaces. The under
side, then, of flues is never calculated as heating surface. The upright or side

surfaces of a boiler are calculated as being only half as effective as the surface

on which the upward action of the heated air operates. The quantity of heating
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surface required for each horse-power—taking the evaporation of one cubic foot

of water per hour as the measure of a horse-power—varies according to the rules

or notions adopted by engineers, and to the peculiar circumstances under wliich

the boiler is to be employed. Mr Armstrong, as the result of large personal

experience, recommends an effective heating surface of 9 square feet, or one

square yard, per horse-power—this applying to the generality of boilers now in

U8e. The quantity of fire-bar or grate surface per horse-power is one square foot.

This will be increased with advantage to 1^ square foot. The proportion of

furnace room is generally calculated at about 3 cubic feet per horse-power. The
proportion of steam space in a boiler recommended by Mr Armstrong is " half a

cubic yard for each nominal horse-power." Ton cubic feet of steam space per

horse-power is the general proportion allowed
;
giving the same capacity for

water space, this makes the water-line at half the depth of boiler. The total

boiler-space, says Mr Armstrong, should be a cubio yard per horse-power, " not

more than half of that space being water room, nor less than half of it for steam."

This rule is borne out by the practice of the north of England engineers, who
reckoned an efficient steam-engine to be that in which the area of piston in

circular inches was 27 to the horse-power, aud the capacity of the boiler 27 cubic

feet per horse-power. In Lancashire the rule is—and tins holds more especially

for small engines, where economy of space is of raoro importance than economy
of fuel—" for each square inch in the area of the piston to allow a cubic foot in

the boiler."

1987. In increasing the evaporative efficiency ofa boiler, a verycommon method
adopted is to lengthen the boiler ; the benefit thus obtained is derivable chiefly

from the fact that the effective heating surface is increased. As a rule, however,

a well-proportioned boiler is that in which the greatest amount of heating surface

is compressed within the least possible length. Experience is in favour of the

short boiler, the effective heating surface being as much as possible above the

fire or grate surface, avoiding long narrow flues ; a cylindrical boiler being, with

a direct draft, as in fig. 2, Plate XXXI., about six diameters in length. Where
a cylindrical boiler is set up with a " wheel draft," the proportion of length may
bo four diameters.

1988. The Chimney.—The chimney for the steam-engine is an object of some
importance. Upon its height and area depend much of the future effects of the

engine; and very numerous are the views taken of these by engineers. The fol-

lowing points may, however, be taken as data not easily controverted. The height

should not be less than 50 feet; and if it is desirable to avoid the nuisance arising

from smoke, the height should greatly exceed this. The internal sectional area

should be as large as may be consistent with economy in the expense, but should

never be under 80 Bquare inches for each horse-power. Thus a chimney for a
six-horse engine should have its area at the top 80 x 6 = 480 square inches, and

«/ 480 = 22 inches nearly, the side of the square of the chimney internally; and
if circular, the diameter should be 25 inches nearly. The height of the chimney
being determined, and also the side of its square externally, the square of its base

is found by adding to the length of the side at top the amount of increase arising

from the slope given to the sides. The usual slope, or batter, is f-inch to a foot

;

with a height, therefore, of 50 feet, the increase at bottom will be 18f inches

on each side ; and the walls beiug one brick or 5 inches thick, the side of the

square at top will be 22 + (5x2) = 32 inches, and this added to 18f x 2 = 39£
+ 32 = 5 feet 11^ inches, the side of the square at bottom.

1989. Bolton and Watt's rule for finding the area of a chimney-flue for a land-

engine is as follows : " Multiply the number of pounds of coal consumed under the

Digitized by Google



CHECK - BRIDGES. 577

boiler per hour by twelve, and divide the product by the square root of the

chimney in feet; the quotient is the area of the chimney in square inches in

the smallest part." A chimney 20 inches square inside, and 80 feet high, is

considered a well-proportioned one for a 20-horse boiler, consuming 15 lb. of

coal per horse-power per hour. 10 lb. of coal per hour is calculated to be the

quantity that a square foot of grate will burn with advantage.

1990. Check-Bridges.—We shall now notice a few of the methods adopted

and recommended for still farther rendering boilers economical One method of

increasing the evaporative efficiency of a cylindrical boiler set in the direct

draught or oven plan is by building " check-bridges." The object of these

appliances is not to retard the flow of heated air along the furnace, so as to

retain it, and make it give out the most of its heat, but chiefly to cause it to

envelope the lower part of the boiler.

1991. Fig. 784 shows the method of arranging these check-bridges

—

a a the

boiler, b b the furnace, c the bridge. Care

should be taken not to have the distance

between the boiler and the upper edge

of the bridge too great; in this case the

heated air will have a tendency to pass

through in an unbroken stream. The
importance of breaking and agitating

the gases in their passage along flues is

now admitted by all our best authorities.

Bolton and Watt, in their marine flued-

boilers, have adopted an arrangement by
which the gases are made to strike the

sides of the (circular) flue.

1992. As showing the economical results to be derived from this plan of

having check-bridges (fig. 784), we give the result of a series of experiments

instituted by the well-known engineer, Mr Wicksteed, to ascertain the relative

economy of a Cornish boiler sot on the ordinary plan, and also with the new
furnace having these check-bridges :

—

Without With
Check-Bridget. Check- Bridges.

Coals consumed por hour, 813 lb. 293 lb.

Water evapornted do., 2.170 2.256

Do. per lb. of coals from instant temperature, 6.919 7.701

Da from 212' (latent heat 1.000*), .... 7.725 8.640

1993. The last line shows that, when taking the coals from the heap, 1 lb. of

coals, with this check-bridged furnace, evaporated 11.8 per cent more water

than without the cheek-bridge. The experiments had reference more particu-

larly to the testing of an American patent boiler, the peculiarity of which con-

sisted entirely of a number of these check-bridges placed beneath a boiler

hung on the direct-draft plan, the only claim to novelty being the parabolic

form given to the front of the bridges. The method has been long in use

in America, and is being adopted in this country. Mr Armstrong has long

advocated its use. Mr Wicksteed states that he can have no hesitation in
M declaring that the saving of 37 per cent upon the average, stated to have been
effected in the American establishments, has been effected, and that there are

numberless cases in Great Britain where a similar saving might be effected."

A practical authority, who has instituted a great number of practical experi-

ments on the evaporation of water and the consuming of smoke (Mr Green,

2 o
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manager of the large works of Messrs Hoyle, Dukinfield), states that those

made with a boiler set in a furnace on this plan indicated better results than

he had ever before obtained from any other furnace.

1994. In order to secure the perfect combustion of the gases, arrangements

should be made to carry on the combustion of the fuel at the highest possible

heat. To obtain this desideratum, it is a good plan to line the furnace with

fire-bricks, even in the case of flued and tubular boilers. This should be done

in the fire-box of the tubular boiler.

1995. Attention should be paid to the building of the fire-bridge at the end

c, fig. 2, Plate XXXI., of the furnace. The office of this appliance is not merely

to prevent the coals from being pushed too far by the stoker, but, as shown
already, to cause the flame and heated air to envelope the boiler. The dis-

tance between the top of bridge and bottom of boiler should not be too

great : a proportion will be one-sixth of diameter of boiler ; that is, where the

diameter of boiler is 4 feet, the distance between top of fire-bridge and

bottom of boiler should be 8 inches. The top of the fire-bridge should not be

flat, but concave, the radius of the circle being equal to that of the boiler (see

fig. 784). The supply of air to the furnace is also of importance, the limit of

distance between the fire-bars being that which will prevent the coals from

dropping through. The flue leading from the boiler to the chimney will be

sufficiently wide if it has a surface of 15 square inches to each horse-power; it

is best, however, to make it wider than this, contracting it temporarily until

the requisito draught is found, whore it may be permanently fixed.

1996. Quantity of Water in Boilers.—It is generally understood that the keep-

ing of a large quantity of water boiling involves no greater outlay of fuel than

keeping a small quantity boiling. That this is erroneous Mr Armstrong very

clearly shows : "A large quantity of water must require more heat, or heated

surface, to keep it boiling, than a smaller quantity, even supposing the heat

required to generate the steam to be equal in each case ; for there must be a

great deal of power expended in keeping the water in motion, and every prac-

tical mechanic knows that wo never get power for nothing." Mr Armstrong
recommends that the quantity of water should never exceed 17| cubic feet per

horse-power. And the same authority found that, by keeping the same relative

amount of steam and water space as at first arranged for the boiler, but reducing

the quantity of water by placing large stones on shelves amongst the water

—

thus leaving, as it were, mere sheets of water between the blocks and the

sides of the boiler—considerable decrease in the consumption of fuel followed.

The articles—as fire-bricks—should be laid down upon a platform of iron rolls,

so as to be clear of the bottom and sides of the boiler
;
space being left,

also, between each firebrick.

1997. Economisation ofSurplus Heatfrom Furnaces ofBoilers.—The fact that

the heated air, even after passing from a boiler of considerable length, is still

of such a high temperature as to be capable of boiling water, has led to the

bringing out of numerous plans for using up the surplus heat. The flues and
fire-bridges should be so arranged as to allow the heated air to be retained under t

the boiler as long as to pass it away when it has reached the temperature a

little above that of the metal of the boiler.

1998. Consumption or Prevention of Smoke.—Economical working of furnaces

is also to be obtained by efficient plans for preventing the formation of smoke.

A few remarks may be acceptable on this important subject. As to the cause

of large bodies of smoke being passed from our steam-engine furnaces, it seems
to be generally acknowledged that " bad firing or stoking is one of the most
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fruitful and common." We have already pointed out the connection that should

exist between the heating surface of the boiler and the area of the grate, and the

quantity offuel consumed therein, in order to obtain an efficient boiler (par. 1567).

Now, it is quite evident that, if the grate is so proportioned as to consume
efficiently a certain quantity of coal per hour, perfect or at least uniform com-
bustion can only be maintained by uniformity of supply. If the quantity is laid

in irregularly—that is, at irregular intervals—no degree of uniformity of com-
bustion can be attained. An able authority thus puts the case in figures

:

Supposing the quantity of coals to be consumed per hour is 60 lb. ; to preserve

uniformity of combustion to as near an approach of perfection as practicable,

the supply should be spread over the fire at the rate of 1 lb. of coal every minute :

but in hand-firing the plan adopted is somewhat as follows,—placing 15 lb. of

fuel in the furnace every 15 minutes. Now, on the supposition that the grate

is properly proportioned, it is evident that, by this method of firing, the interval

of 15 minutes between each firing will be divided thus : for one-half the time

too little air will pass the bars ; for the other half—as the coal is getting con-

sumed—too much. Theoretically, the inconvenience might be overcome by
stoking at shorter intervals

;
practically, however, this method involves as bad a

state of affairs as it is apparently designed to remedy—by the frequent opening

of the fire-door admitting a quantity of cold air to the furnace, which acts pre-

judicially. As regular firing—that is, firing with unvarying precision— is

therefore so essential to the perfect combustion of the fuel, and as frequent

meddling with the fire or too much stoking is also an evil to be deprecated, a

plan by which the desideratum can be attained on the one hand, and the danger
avoided on the other, is of great importance. To carry out this thoroughly, we
must call in the aid of machinery. But as we consider "machine-firing" not

essentially necessary in farming engines—as involving much additional expense,

which could not be repaid from the comparatively little use which would be got

out of it—we content ourselves by explaining how the arrangements can bo

adopted by which the evils of hand-firing can, in some measure, be obviated.

1999. First, as to furnace arrangements calculated to aid the object in view

:

for the perfect combustion of 1 lb. of coal 2 lb. of oxygen are required, and this

is given in the 150 cubic feet of atmospheric air which must be passed through

the burning fuel. A consideration of tlus necessity has induced numerous in-

ventors to introduce plans by which air could be admitted to the furnace, or to

operate upon the gases evolved from the partial combustion of the fuel. The
best-known plan under this head is that named the u Argand Furnace," of

which Mr Charles Wye Williams, Liverpool, is the inventor. In this plan, air

is admitted at the back of the fireplace, through perforations in a row of pipes.

The free admission of air meeting the dense smoke or gases, promotes the

combustion of the hydro-carburets. But while tending to promote the com-
bustion of the smoke, or rather to prevent its formation, the draught of the fur-

nace is said to be liable to be checked; and it is further objected to the

plan by some engineers that the admission of cool air below the boiler sub-

jects this to a rapidly deteriorating influence through the irregular expansion

and contraction. Mr Williams, in his treatise, The Combustion of Coal and the

Prevention of Smoke chemically and practically considered, states that all that is

to be done in order to enable employers of steam-engines to be independent of

" smoke-consuming patents," is to imitate as near as possible the principle of

the common argand gas-burner. Let them introduce the "air by numerous
small orifices to the gas in the furnace, as the gas is introduced by small orifices

to the air in the lamp Let them begin by having as many half or even
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three-quarter inoh orificeB, with inch spaces drilled in the door and dooT-frame,

rig. 7M. as possible. If the furnace be large,

"

|

and the door-plate frame is not suffi-

fjJ cient for the introduction of the re-

_j
quired nnmber of holes, let them in-

troduce the perforated plate in the

bridge, as described by Dr Ure in his

Dictionary of Arts, last edition, title

* Smoke Nuisance.' " The following is

the figure alluded to, where a, %
785, is the furnace-door, b b the fire-bars, c the bridge, d the aperture leading the

air to the chamber with perforated plate e. The regulating-valve g, worked by

the rod / originally adopted, is not found necessary in practice.

2000. To obviate the assumed or presumed defects of the admission of cold air,

it has been proposed to heat the air before mixing it with the smoke. Of this

class of inventions, the one most recently introduced, and which seems, from

the numerous cases in which it has been tried, to prove efficient, is that known

as the " Smokeless Furnace " of Mr Lee Stevens (King William Street, City,

London). One great recommendation of this plan is its simplicity, the ease

with which it can be fitted to any furnace, and the little danger there is of its

getting out of repair. In fig. 786 a a is the boiler, b the fire-bars, c the bridge.

The plan consists in the addition of a minor set of fire-bars rf, placed under the

Fig. 78&

ordinary fire-bars i, at the farthest end of the ash-pit. On this set of bars the

scoriae and cinders from the upper furnace fall. By this arrangement the cur-

rent of air entering at the lower part of the furnace passes through two strata

of fire, and thence between the " calorific plate " e, faced with fire-brick, and

the bridge c. The air is thus so intensely heated as to produce the entire

combustion of the gaseous products of the fuel without the formation of smoke.

The supply of air seems to adjust itself in this arrangement very closely to

the demand for it,—an important feature in any plan, obviating, as it does, any

necessity for careful attention on the part of individuals who are not generally

much inclined to give it This plan, from its very simplicity, is worthy of a
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'ft*

trial, all the more so from its now having in its favour the dicta of so many of

our practical men.
2001. Mr Stevens has introduced a regulating air-door for furnaces, a section of

which we show in fig. 787. The fire-door a a is provided

with a series of apertures, which are closed and opened by
the plate 4 b

}
moved by the handle c ; when the aper-

tures in both plates a a,b b, coincide, free admission of the

air is secured. The air is admitted to the space, bounded
by the semispherical part d d, through the apertures of

which the air gains admission to the interior of the fur-

nace. The part d d tends to keep the exterior door a a
very cool.

2002. Coal, when heaped on a furnace or carelessly

stoked, evolves a vast mass of opaque carbonaceous matter,

containing much watery vapour, which cools the products

below the temperature necessary to effect combustion, and
thus sends off a large amount of fuel. By passing this cooled gas or opaque
smoke in contact with a highly-heated surface, the temperature is at once

raised to the necessary point, and combustion takes place. Hence the plans

which have been introduced of furnace arrangements to effect this desideratum.

Fire-brick bridges, when properly constructed, act in this way. The plan of

having bridges as at fig. 784 is also a good one. The fire-bridge might be
carried up to meet the boiler, and provided with apertures (vertical) of neces-

sary area, through which the smoke would pass : the sides of these apertures

being highly heated, would raise the temperature of the smoke, and promote its

firing.

2003. Alternate Firing.—The system of "alternate firing" is one now largely

introduced, with most beneficial effects. Two fireplaces, a 6, fig. 788, are pro-

vided : while the contents of one are in

a high state of combustion, and free from

smoke, as in a, the fuel is supplied to the

other furnace, as b ; the smoke from this

passes along the flue from a, and meeting

the highly-heated air passing from the

furnace b in the chamber c, the temperature

of the smoke in the chamber d is raised,

and ignition takes place. Advantageous
as this method is, it possesses one defect—namely, from the distance which
the heated smokeless air from c has to pass along the flue from b

y
it is robbed

of a great deal of its temperature, and consequently the efficiency of the plan

is in like proportion deteriorated. To obviate this defect, the plan of having
a mixing-chamber immediately behind the fire-bars, into which the heated air

from the smokeless furnace would pass at a very high temperature, has been
carried out. This plan was, we believe, first adopted by Messrs Galloway of

Manchester, and with the most complete success.

2004. Smoke-consuming Boilers.—The smoke-consuming boilers ofW. B. John-
son, manufactured by Messrs Ormerod & Sons, engineers, Manchester, are

becoming much used. An ingenious modification, well adapted for many
localities, has a furnace at each end,—one being supplied with fresh fuel while

the other is in a high state of combustion. In fig. 789 we give the plan of this

boiler : a a the furnaces at each end ; the products of combustion, after passing

over the bridges b b
%
meet in the mixing-chamber c c, then pass through the
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tubes d d, right and left, to the smoke-boxes e e, and finally communicate with

the flue leading to the chimney.

Fig. 789.

2005. In fig. 790 we give an end elevation (the two ends are identical in

rig. tw. appearance and arrangement) of this boiler.

1 a is the furnace-door, b b the boiler, c the

smoke-box, d the steam-pipe, c e the safety-

valve pipes.

2006. Having discussed the subject of

boilers, we now propose to describe those

appliances which add to their efficiency

and insure their safety. These appliances

may be divided into two classes— first,

those which have reference particularly to

the maintenance of a due supply of water

;

second, those which have connection with

the regulation and control of the steam.

2007. Rule to find the Horse-Power of a

Cylindrical Boiler.—To find the horse-power

of a cylindrical boiler with spherical ends

and wheel - draught furnace, as in Plate

XXXI., multiply the diameter of the boiler

by the length, to this add one-half of the

product, divide the result—which represents

the flue surface in square feet—by ten, and

the quotient is the horse-power. Thus a
boiler 20 feet long by 4 feet diameter is of 12 horse-power, for 20 x 4 = 80 + £
of this is 40 = 120 -10=12 horse-power.

2008. To find the Horse-Power of an Internal-fiued Cornish Boiler.—Add the
internal diameter of the tube to the external diameter of boiler, multiply the

quotient by the length of the boiler—take half the product thus obtained, and
add it to the result above found ; divido the amount by 10, which will give the

horse-power. Thus, a boiler with a tube 3 feet diameter, and boiler 5 feet

external diameter, and 14 feet long, is nearly 17 horse-power (16|), for 3 + 5
= 8 x 14 = 1 12 + £ (56) = 168 -10 = 16f
2009. Tofind the Dimensions ofa Cylindrical Spherical-ended Boiler.—Multiply

the given horse-power by 10, from the product subtract one-third part of it

;

the result is the product of the diameter of required boiler multiplied by its

length. This product may be made up by any convenient diameter and length

—

3 feet being the minimum diameter employed, as a less diameter will involve

difficulties in manufacture and working. Thus the product of the diameter,
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multiplied by the length of a 6-horae boiler, is 40 feet, for 6 x 10 - 60—$ = 40.

Boilers 10 feet long by 4 feet diameter, 13 feet 6 inches long and 3 feet dia-

meter, will make up this product.

2010. The same rule here given will apply to single-flued Cornish boilers,

with this difference, that the result shows the product " of the length by the

sum of the external and internal diameters." Taking, as above given, a 6-horse

power—this gives 40 feet. Now giving the diameter of the internal tube as 2
feet—less will not admit of proper fire-space—and the external diameter of

boiler as 3 feet—the sum of these is 5, which, used as a divisor, gives 8 feet as

the length of the boiler : 40 5 = 8.

2011. For the formulae on which these rules are founded, we are indebted to

Mr Imray'8 work on the Steam Engine, and its Applications, Houlston and
Wright, 2s. ; a work containing much valuable information on the subject.

2012. Apparatus for Supply of Water to Boilers.—The regular supply of water

to the boiler of a steam-engine is a matter of great importance. In those

for condensing-engines it can be conducted with great certainty of effect,

owing to the moderate degree of pressure under which they are worked
;

for as that does not generally exceed the pressure of a column of water

9 feet high, it is easy to establish a small cistern which is kept in constant

supply, and which, by a self-acting hydrostatic arrangement, keeps the supply

to the boiler perfectly uniform. The higher pressure under which the non-

condensing engine works, prevents the same arrangement being followed in

regard to its boiler, and no method of equal simplicity and certainty has yet

been devised, though various methods are in practice. Some of the methods
adopted are self-acting, or so called ; and others depend entirely on the atten-

tion of the engine-keeper, which appears to be the safer of the two for engines

not in daily use. Under this last method, the water-pump is understood to be

in constant action, and to throw a superabundance of water; and when the

boiler is observed to have got a sufficient supply—which is indicated by a float

water-gauge—the discharge from the pump is turned off from the boiler, and
thrown to waste or back to the welL This alteration of the discharge is effected

by the attendant turning a stop-cock ; but after a short practice, he is able, from

observation, so to adjust the cock that the requisite supply shall go to the boiler,

without entirely shutting the waste-cock. The apparatus for effecting this mode
of supply is shown in fig. 2, Plate XXXI., where s is the stone-float, suspended

by a wire t that passes through a small stuffing-box in the boiler-top. The wire

is attached to a piece of chain that passes over the wheel u, and to the end of

the chain is attached the counter-weight v. When the float and wheel, with its

chain, are adjusted to the medium level of the water, an index or pointer w is

attached to the wheel, pointing vertically ; and any change in the level of the

water will be indicated by a corresponding change in the position of the pointer

to right or left. In this arrangement, the power that produces the indication is

the difference of specific gravity between the water and the stone-float, after the

float is balanced by the counter-weight v ; and this being, in some cases, not of

great amount, the apparatus is occasionally liable to get out of order, from the

wire not passing freely through the stuffing-box.

2013. We have adopted a method that obviates this defect, which is also

represented in fig. 2, Plate XXXI. In this arrangement, w' is a hollow copper

ball, made securely water-tight. A wire stem rises from it, and passes freely

through an iron tube y, of ^-inch bore, which is fixed in the top of the boiler,

passing 10 or 12 inches within it, and above it to any convenient height, serv-

ing as a guide for the stem of the float ; to the top of this iron tube a strong
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glass tube is jointed at a', of about 1 foot high. The junction of the glass and

the iron tubes, and the closing of the upper end of the former, are effected by

a brass case, with screwed bottom and cap, which embraces the top of the iron

tube and the whole of the glass tube, slits being made in opposite sides of the

brass tube, through which the indication of the index can be read off. The
index in this apparatus is the top of the float-stem, which being adjusted to

length, and terminated in a small knob that will move freely in the tube, its

indications of rise and fall are noted on a graduated scale on the brass tube.

2014. This method of water-gauge is still better accomplished, when circum-

stances permit of it, by the arrangement in fig. 2, Plate XXXI., by placing a

small tube in the position v' y' x\ its lower end, shown by the dotted lines at

being in connection with the water in the boiler, and its upper orifice x'

with the steam, so that the pressure shall be equal on both ends. A piece of

glass tube y' is placed in the middle of the channel of communication, or in

such position that the level of the limits of range for the surface of the water

may fall within the length of the glass ; and the surface of the column in

the tube will always indicate the same level as the surfaco of the water within

the boiler. A graduated scale placed in contact with this, the zero being at

the proper working level, will indicate with certainty the state of the water

within the boiler.

2015. One objection to the form of gauge as illustrated in fig. 2, Plate XXXI.,
at v' y' x', is, that should the gauge-glass be broken

through accident, the steam and water are blown off, to

the danger of the stoker, who may be standing near.

To prevent this, and other inconveniences which are

obvious, Mr John Smith, Traffic Street, Siddall's Road,

Derby, has introduced a gauge-cock, in which valves

a a, fig. 791, are provided. In the event of the glass

tube bb breaking, the pressure of the steam and water

causes the valves instantly to close, ^n addition to the

water-gauge, gauge-cocks should invariably be applied

;

of these there are generally two, sometimes three.

When two are used, one, on being turned, passes steam,

the other water, to the atmosphere. The cock for water

has the pipe reaching to a point below which it is dan-

gerous to allow the water to be;—thus, when steam

passes through this cock, it is an evidence that the

water is below this point, and at a dangerous level ; the

feed-apparatus must therefore be looked to. The other

cock has the pipe attached to it descending to a point

at which water should not reach ; — thus, if it emits

water, it is an evidence that there is too much water in

tlie boiler. When three gauge-cocks are usedj two are

for water at different levels.

2016. Haley's Safety-Signalfor Boilers.—A very effec-

tive appliance, by which the boiler itself gives the signal of its want of water,

has been introduced by Mr Haley of Manchester. We give a representation of it

in fig. 792. A copper float, a, screwed upon a brass spindle working in the

guide b b, works loosely through a guide placed inside the boiler. The spindle

is made hollow, and provided with an aperture near its upper end, by which
steam is admitted to the interior of the copper float, thus equalising the pres-

sure within and without tho float. The upper end c of the spindle is made
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ng.7W.

conical, which fits into a similar conical aperture leading to a steam whistle

placed inside the ornamental cover d e outside the

boiler
;
through this the steam is passed to the

atmosphere. The arrangements of this safety-

signal are admirably adapted to the end in

view ; there is not a part which is liable to be-

come deranged ; the action of the float is direct,

its force is defined and invariable, and the

signal is given by the simple expedient of allow-

ing the spindle to fall away from the least pos-

sible surface of contact—a sharp edge.

2017. These water-indicators, from the cer-

tainty of their effect, and the satisfaction they

are capable of affording, at all times, as to the

state of the water within the boiler to all parties

concerned in its safety, ought to be universally

adopted.

2018. Of the self-acting feeders for high-

pressure boilers, it is not safe to trust even the

very best without some auxiliary means of

checking the results, such as the common gauge-

cocks or the water-gauge. We have seen some
of them so defective, that their boilers have

been worked off almost to dryness, while it was
imagined that all was going right, because the

apparatus was throwing off what was considered

surplus-water, while it had, in fact, been send-

ing the whole supply past the boiler for hours.

The consequences were, the destruction of the

boiler, and a narrow escape from explosion.

2019. It is of great importance that the water sent into the boiler should
liavo its temperature raised as high as possible before entering. This is effected

in a very simple manner, and to a temperature of about 140°, by the apparatus,

fig. 793, which may be placed in any position between the pump and the boiler

that convenience may point out. a a is the waste steam-pipe, passing from the

cylinder to the place of discharge in the chimney, or to the atmosphere. It is

surrounded by the case b b, which should have an internal diameter of at least

l£ inch greater than the steam-pipe that it embraces ; and the aperture e at

Fig. ;oa

7£

each end made steam-tight by a rust-joint. The small pipe through which the

water is forced by the pump towards the boiler, is joined to the nozzle c of the

case ; and a continuation of the same being joined to d, is carried forward to the

boiler, which it enters at n, figs. 1 and 2, Plate XXXI. While the waste steam,

therefore, is passing tlirough a, the cold water from the pump is forced into the

chamber formed betwixt the steam-pipe and its case ft, and in its passage along

this chamber to the outlet d absorbs a portion of heat from the steam and pipe

within, and so enters the boiler at the temperature stated above.
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2020. Differential Feed-Apparatus.—In fig. 794 we give a sectional view

Fig. 7W.

Fig. 7W.

of " differential feed-apparatus," applicable to a form of high-pressure tubular

boiler, and in fig. 795 a plan of the same. The lever

a a is acted upon by the rod 6, connected with the

"float" inside of boiler ; c the counter-weight balancing

the float ; d the standard on which the lever vibrates

;

e the valve-rod. The water is sent to the space//by
the pipe a, fig. 795

; g the pipe leading to interior of

boiler : the apparatus is attached to the boiler by the

flange h h. When the pressure of the steam is great,

the water forced up the feed-pipe g would have a

tendency to open the valve i, without reference to the

action of the float. To prevent this taking place,

the water, instead of acting on t, passes up the side-

duct k k into the space I, and acts upon the valve

there placed, tending to keep it closed. As this valve

is connected with the lower valve t, the motion im-

parted by the rod e being common to both, the pres-

sure is equal both above and below the valve i; the

float is therefore at liberty to act independently of

the pressure on the boiler. Admittance is gained to

the chamber i, fig. 795, in order to repair valve, or

see if it is working properly, by taking off the flange c.

2021. In fig. 796 we give a sectional view of the
" hand feed-apparatus." The feed-water is supplied

to the chamber a a, fig. 796, through the valve 6, and

passes to the " differential feed " in fig. 794, up the

pipe c, which is connected with the pipe a, fig. 795.

The amount of water passing through b, fig. 796, can

be regulated, or the supply altogether stopped, by
turning the screw and the spindle e by the wheel/—
the amount of rise of the valve in its seat being de-
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pendent on the position of the screw. In fig. 797, a is the pipe corresponding

to the pipe c, fig. 796, and b the valve. Fig. 798 rtg.m.

shows the two in connection : a the pipe connected

with the force-pump of the engine ; b the horizontal

wheel for working the screw, corresponding to/, fig. / 1

796 ; the water passes to the chamber c, corresponding |

•

to //, fig. 794, and passes to the interior of the boiler

by the pipe g, fig. 794. Fig. 799 is another view of

this apparatus: a a the boiler; b b the "feed" (fig.

794) ; c the pipe from force-pump, corresponding to a, PLA>' or H*KD fwmaiiMw.

fig. 798 ; d lever-wheel for turning screw, corresponding to f, fig. 796 ; e e

lever
; / counter-weight

; g stuffing-box, through which the float-rod h h passes.

2022. Chimney - Damper. -
Flg ^—The combustion of the

fuel in the furnace, and the

consequent production of

steam in the boiler, is gene-

rally regulated by a damper
worked by hand. This con-

sists of a flat plate working

in a frame placed at the end
of the flue leading to the

chimney. By lowering the

damper into the frame, so

as to close the connec-

tion between the furnace-

flues and the chimney, the

draught of the fire is less-

ened, and also the produc-

tion of steam.

2023. To save the attend-

ant the trouble of mounting
to the top of the boiler-

furnace to operate on the

damper, and in order, also,

to keep it suspended at

any desired point, the dam-
per a, fig. 800, is hung with

a chain b b, passing over

two pulleys c c, and bal-

anced by a counterpoise

weight d. This weight

generally hangs near the

furnace door, so as to be

within easy reach of the

fireman. This apparatus is

generally used for high-

pressure boilers—but is de-

fective, inasmuch as it is

dependent for its operation

upon the attention of the

stoker. It is evident that, as the production of steam is dependent on the inten-

Digitized by Gdogle



588 MOVING POWERS OF THE FARM.

0~ "0
sity of combustion in the furnace, the most correct apparatus would be that in

fi*. too. which the damper was actuated by the pressure of

the steam itself. This has been attempted in vari-

ous ways for high-pressure boilers
;

but, judging

from the circumstance that comparatively few are

met with in operation, it is to be supposed that they

have not fully met the difficulties of the case. This

plan, however, has been long adopted for low-pres-

sure boilers.

2024. The principle on which self-acting dampers
for high-pressure boilers are constructed is generally

a plunger or piston, working in a small tube or

Q cylinder attached to the boiler. The steam raises

this piston, and depresses the damper when the pres-

sure is too great, and vice vend. The objection to

this form is, that as soon as the pressure either rises

or falls below the proper amount, the plunger or

piston is raised, or allowed to fall so suddenly, that the damper is either closed

or opened full, no gradation between the two extremes being obtainable.

2025. Steam Regulating Apparatus.—We now come to consider the second

class of boiler appliances, namely, those connected with the regulation and

control of the steam. Of these the most important is the safety-valve. This

is shown at y, figs. 1 and 2, in Plate XXXI., and at*, fig. 3, in Plate XXXII. ; but

seeing the importance of this member, we shall go somewhat fully into the con-

sideration of its operation and management.

2026. Safety Valves.—The simplest form in which these are made is represented

in fig. 801. Let a pipe a a, b b, be bolted to the boiler-plate, and provided with a

cover, and a large aperture in the side near the top,

immediately below the cover. A brass tube c c is

fixed inside the tube 6, immediately above an aperture

in the boiler-plate—the upper edge is made conical
;

into this a valve d fits, the two surfaces being ground
together, so as to make a steam-tight joint. When
the valve d is in its seat e c, the tail of the valve d is

continued downwards a short distance, and the spindle

f upwards, passing through the aperture in the cover

and loaded with a number of weights g, according to

the desired pressure. The steam presses on the under

side of the valve d, with a tendency to raise it out of

its seat ; if the pressure increases so as to overcome
the pressure of the weights gy

the valve is lifted out of its seat e e, and the steam

escapes through the aperture made in the pipe b b, below the cover. In place

of putting the weights as in fig. 801, the

lever safety-valve in fig. 802 is adopted. In

this form the load is placed on the valve a,

indirectly through the intervention of the

lever of the third kind, of which the fulcrum

t
is at b, and the weight at c By moving the

" weight c along the lever, the amount of pres-

sure on the valve is changed ; the farther the

distance of the weight from the valve a, the greater the load on the valve.

2027. To calculate the pressure on a safety-valve, the following data are

•ctiom or »<Lr«rT-vALv«.
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required : (1) the weight of the valve a (a), fig. 802
; (2) the effective weight of

the lever at the point d {b)
; (3) the distance from the point b to d (c)

; (4) the

distance from d to the point where the weight c hangs (d) ; and (5) the weight

of c itself (e) ; then multiply («) by (</), divide the product thus obtained by

(c), add to the quotient found (a) and (b), the result will be the pressure on the

valve.

exd-r-c+a + b = pressure.

2028. To graduate the lever d c—that is, to find points at which to hang the

given weight to be used—the following data are required : The given pressure

required on the valve in lbs. (a), the weight of the valve (6), the effective

weight of the lever (c) ; distance of c to tf, fig. 802 (<f), the weight which it is

proposed to use as c, fig. 802 (e) ; then from (a) subtract (6), add to the quotient

(c), multiply the remainder by (d) and divide by b (e)—thus a— b + cxd+ e = the

distance from the fulcrum d, fig. 802, to the point at which to hang the weight

to give the desired pressure on the valve. The various distances thus found,

representing various pressures, should be indicated by figures stamped on the

upper side of the lever.

2029. The area of the safety-valve—that is, the surface it presents for the

steam pressing on, or, what is the same thing, the area of aperture for the escape

of the steam—is of great importance. The proportion generally allowed is a

circular inch per
1J horse-power, or 0.8 of a circular inch per horse-power. To

ascertain the weight to be used for loading a valve as in fig. 801, in order to give

any required degree of pressure, square the diameter
;
multiply this by 7854,

and multiply the area of the valve in square inches thus found by the pressure

required ; the quotient will be the weight (plus the weight of the valve itself),

if applied directly, as in fig. 801.

2030. A very excellent safety-valve is that known as the " Spring Safety-

Valve." In this the load on the valve is regulated by the action of a spring, in

a cylindrical case t
y
fig. 3, Plate XXXII., attached to the boiler. The end of

the lever of the safety-valve is passed over the spindle of the spring, and is

pressed down by turning the nut. The compression of the spring is regulated

by the amount of turning of the nut, the index attached to the valve pointing

out the amount of pressure on each square inch of surface of the valve. Thus,

if the nut is turned down depressing the end of the lever, until the index points

to the figures 40 on the scale, on the steam exceeding this pressure the valve

will be lifted, and the steam escape.

2031. The area of the valve should be in proportion to the evaporative powers

of the boiler, so as to allow the steam to escape as fast as it is generated ; when
it exceeds the desired pressure, if the size would be too great for one valve, this

area should be apportioned to two—the required area being divided between

them in equal proportions. The proportion of area we have given applies to

low-pressure or condensing engines ; the following is Mr Bourne's rule for

ascertaining the area when there are two valves : Multiply the collective nomi-

nal horse-power of the engine by 25, to the product add 11.25; extract the

square root of the sum, the result is the diameter of the safety-valve where two
are used.

2032. One of these valves should be enclosed in a locked box, so as to pre-

vent all tampering with the weights by the attendant.

2033. Mr Fairbairn's lock-up safety-valve is very useful. The valve is placed

in a shell of thin brass, opening on a hinge, and secured by a padlock ; it is of

such a diameter as to allow the waste steam to escape easily. A weight to give
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the load in the valve may be fixed on any part to give the required pressure ;

this cannot be altered without
getting inside the boiler. A
handle is provided with a long'

slot, this passing through the
boiler top through a stuffings

box ; the safety-valve can be
moved from time to time in
its seat, to prevent it jamming
or rusting in its seat ; no ex-
tra load on the valve can be
put by means of tliis handle.

It will be necessary, when the
boiler is cleaned out, to see
that the attendant has not
availed himself of the oppor-
tunity to add to or tamper
with the weight In fig. 803

we give a figure of Fairbairn's lock-up valve, a a is the valve cylinder or

pipe, with brass cover b ; the valve is weighted by the weight c, attached to the
lever, the centre of which is at h ; d the rod connecting the spindle of the valve
with the lever ; e the stuffing-box, through which the spindle of the slotted

lever/ works
; g the handle by which the valve is made to move in its seat to

prevent sticking.

2034. The great danger to bo apprehended in using the conical valve is its

jamming or rusting in its seat, thus rendering it immovable. This is more
likely to take place in the form of valve d in fig. 801, as the unequal contraction

and expansion of the cover h h or spindle /may cause the spindle to get fast in

the aperture.

2035. To obviate this sticking of the valve, Mr Nasmyth, the celebrated

mechanician of Patricroft

Works, near Manchester, has
introduced what ho terms

the "Absolute Safety-valve,"

which effectually meets the
difficulty. We give a repre-

sentation of this in fig. 804.

From this it will be seen

that the valve c itself is

spherical, resting in a coni-

cal seat. The spherical

shape is the best for reduc-

ing the friction. The mo-
tion of the boiling water in

the boiler a a acts upon a
sheet-iron appendage b ; and
as this is connected to the

valve by an inflexible rod,

the swaying to-and-fro

Fijf. *>».

ka»utih a *»»oi.ci» »»f*:i.vjo.i».

tion is communicated to the valve c. The valve resting in the seat, from being

spherical, admits of a continual slight motion in its seat, equally in all direc-

tions, the result of the incessant swaying to-and-fro motion of the sheet-iron
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appendage acted upon by the constant ebullition of the water. The portion

of the spherical valve and seat in contact being equal, maintains the close fitting

of the parts. When the steam is up to the desired pressure, the valve rests

on its seat—in a manner floating on the steam so lightly, that the pressure

may be said to be equal to no pressure at all. This action, so desirable in a

good valve, is frequently unattainable from the tendency which valves of the

ordinary construction have to stick in their seats. The absence of all spindles

and guiding parts in this valve, in addition to the great value it possesses as

an obviator of the danger of " sticking," gives a high value to it as an efficient

safety-valve.

2036. Steam Mercxtrial- Gauge.—The safety-valve, when properly acting, affords

in some measure a means of ascertaining the pressure of the steam in the boiler

;

its use in this way, however, is exceedingly limited ; hence the

necessity ofadopting an appliance by which the pressure in the

boiler can be ascertained by inspection at any desired moment

:

this is obtained by the use of the steam mercurial gauge. This

ordinarily consists of a long iron tube, bent into the shape of a

U, or an inverted siphon. One end is connected with the

steam space of the boiler, and the other is open to the atmos-

phere. Mercury is poured into the tube, which, when uninflu-

enced by any action, stands at the same level in both legs of

the siphon. But when steam is admitted to the end of the

siphon attached to the boiler, the pressure on one surface of

the mercury depresses it, and correspondingly raises the other.

For every inch the mercury rises in the leg of the tube open to

the atmosphere, an increase of pressure on the boiler of 1 lb. is

indicated. To make this rising of the mercury evident, a Bmall

cork or wooden float should rest on the surface of the mer-

cury in the open leg, this being connected with a scale properly

graduated ; the pointer or index pointing to 0 or zero when the

mercury is uninfluenced by the action of the steam. As the

tube is double, it is evident that every rise n*. ma
of an inch in the open leg indicates a diffe-

rence actually of 2 inches in the level of the

mercury. Correctly stated, a height of 2.04

inches of mercury is a counterpoise to 1 lb.

of steam pressure. This siphon form of

gauge is that which is generally adapted to

low-pressure engines. A form for "high"
pressure is shown in fig. 805. The mercury
is contained in a close steam-tight cup ; the

steam is admitted to press on the surface of

the mercury, and forces it up a tube ; for each

height of 2 inches of rise a pound pressure

is indicated. One great advantage in the

siphon gauge is, that if the steam rises to

a dangerous pressure, the mercury is blown
out of the tube, thus making it a most effec-

tive safety-valve, as there is then free way
for the steam to pass from the boiler to the atmospliere.

2037. In fig. 806 we illustrate the form of pressure-gauge

known as Bourdon's, in which the figures are indicated on a

U*R[ ciuai ttoai TOR
H:au-PRi»«cm
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round dial. The steam presses on a spirally curved spring in the interior of the

case, and actuates the finger.

2038. Fusible Plates.—Another outlet for the escape of steam, when it attains

to a high pressure, much recommended by some engineers of eminence in this

country, and used in France to a considerable extent, is afforded by the contriv-

ance known as the fusible plate. This is a plate composed of a combination

of metals, alloys of tin and lead, with a small proportion of bismuth, in such

proportions as will insure fusion at a temperature somewhere between 280

to 750 degrees. This plate is covered by a metallic perforated disc, which

allows the metal to ooze through as soon as the steam has attained the tem-

perature necessary to insure the fusion of the plate. It is found essential

to the action of these fusible plates to protect them from the pressure of

the steam, allowing them to be acted upon merely by its temperature ; hence

the plan of placing the fusible plate on a strong metallic perforated plate,

which alone is subjected to the steam pressure. " In France," says Mr
Fairbairn, " the greatest importance is attached to these fusible plates.

. . . . In this country," he continues, " these alloys are not generally in

use ; but in this respect I think we are wrong, as boiler explosions are not bo

frequent in France as in this country; and high-pressure steam, from it*

superior economy, is more extensively used in France than in England." The

fusible plate is also exceedingly valuable as a preventive of the dangers arising

from the existence of surcharged steam. In boilers set on the oven plan, sur-

charged steam is most likely to be created, as the boiler-plate is sometimes

exposed to the heat of the flues, from the water falling below its proper level.

From the great accession of temperature thus attained by the steam, high

danger of explosion ensues—a state of matters which is not indicated to any

great extent by the safety-valve or vacuum gauge.

2039. Space prevents us from going further into the explanation of the

phenomena attendant upon the existence of surcharged steam,—suffice it to eay

that it is a source of danger. To those desirous of going into the matter

thoroughly, we would recommend a perusal of Mr Armstrong's shilling volume

on Steam Boilers, section 28, p. 89.

2040. It is right, however, to state that these fusible plates are not in all

cases to be depended upon. When the alloy is not homogeneous, the mercury

is forced out of the plate, leaving the other material, which is not so easily

liable to be fused. The practice of inserting a plug of lead in the boiler

below water-mark, adopted in the case of locomotives, might be applied with

greater advantage to agricultural boilers than these fusible plates.

2041. Apparatus for Prevention of Priming.—It is of great importance to

have dry steam to wprk the engine with. Where the steam is immediately

taken from the boiler by an ordinary steam-pipe, a considerable quantity of

water is taken over with it—this being caused by the violent ebullition of the

water, and the general deficiency of steam-room in many of our boilers. The

priming thus caused in the cylinder is a great loss of power. In fig. 807 we

give a figure of an appendage to a boiler for preventing this. Let aal)e
the boiler, b b a dome fixed on it, to which steam is admitted by the pipe e

;

a " dasher" d should be put above the aperture of the steam-pipe c: the water

contained in the steam will be precipitated to the bottom of the dome, from

whence, before starting the engine, or at proper intervals, it may be removed

to the interior of the boiler through a pipe, the stop-valve of which is acted

upon by the rod e and wheel/ ; the rod e passing through a stuffing-box in the

top of the dome. Still further to insure the separation of the water from the
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Bteam, a modification of Hawthorn's " separator " may be adopted witli advan-
tage ; a short length of pipegg being attached

to the pipe c ; the end and body of this being

perforated with holes, the steam must pass

through these before gaining access to c.

The pipe by which the steam is led to the

engine is near/.

2042. Encrustation of Boilers.—We have
already adverted to the bad effects of impure
water for raising steam (par. 1959). The
deposit resulting from these lines the inside of

the boiler with a crust more or less difficult to

remove, according to its constitutent parts.

This "encrustation," as it is termed, is a
fruitful source of mischief, and is the cause of

great loss of fuel. Various remedies have
been proposed for this : one—found to be very

effectual, and, moreover, easily obtained—is

44 charcoal," prepared from hardwood broken

into lumps of from a quarter to half an inch,

the fine powder being carefully sifted. These
lumps are put into the boiler, and act as an
absorbent of all salts of lime and the alkaline earths, the salts of iron, and of

nearly all other heavy metals. As the absorbent power is limited, it will have
to be changed from time to time : about a bushel will protect a ten or fifteen

horse boiler for some four weeks or so. Where salts of potash or soda are

dissolved in the water, or in sea-water, the deposit will take place even with
charcoal. The only remedy in this case is to use a " blow-off pipe," placed

at the bottom of the boiler away from the fireplace. The water should be
blown off at intervals through this pipe when the steam is up.

2043. Joinings of Steam-Pipes.—We now come to the methods adopted in

fitting up steam-pipes under the various circumstances of the farm operations,

whether for convoying steam from the boiler to the engine, or to the cooking
apparatus for steaming food for cattle, &c.

2044. The flange-joint is shown in fig. 808. At each end of the pipes a b
t

circular flanges c c are cast with bolt-holes, generally four in number : a pack-

ing d, either of vulcanised India-rubber,
ri(f ^

plated hemp and white-lead, or a cir- '

cular piece of millboard well smeared
with red lead on both sides, is placed

between the two flanges, and the whole
screwed tightly together by the bolts

and nuts e e. Vulcanised India-rubl^er

washers are the best material for pack-

ing steam-pipes. Where plaited hemp or millboard are used, holes must be

cut to allow the bolts to pass through—the packing assuming the form of two
concentric circles as at /, the outer diameter being somewhat less than the

diameter of flange of pipe 6, the inner diameter being somewhat greater than

the bore of pipe. A plaited hemp packing is made by plaiting a few strands of

hemp to form a band, the width of which is a little less than the breadth from

outside of flange of pipe to the bore, and the length of which will be sufficient,

when curved, to form a ring of the diameter as at /.

2 r
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Fig. 809.

2045. The faucet-joint or " socket," as it is sometimes termed, is shown in

809. One end of each length a a is enlarged as at b, so that when the

plain end of the pipe g is inserted in it,

there is room left all round, as at c c, to
insert the packing. Still further to se-

cure a good steam-tight joint, snugs are
sometimes cast on the pipes, as at '/ //, fj\
and the two are brought close up by the
bolts and nuts e as shown.

2046. Fig. 810 shows a circular junc-
tion of a horizontal pipe a, with a vertical

one d; the curved portion b being pro-
vided with a faucet or socket, the plain
end of a going into a socket c on the pipe.

2047. Another method of joining pipes is sometimes used with good effects,

if properly made. In the face of each flange a groove is turned, of depth suffi-

cient to take in half the diameter of a wire ring. When the two flanges are

Fig. sia

Fig. 811.

brought close up to each other, the other half of the wire goes into the corre-

sponding groove. In fig. 811, a a is the pipe, a J its section, c c the groove,

d c' the wire ring ; at d e f the joint is shown on a larger scale—/ and d
the flanges, e tho wire. With this joint no packing is required.

2048. Cements for Steam-Pipes.— The best packing for socket-pipes is the

iron cement, composed of four ounces of sal-ammoniac to twenty-eight pounds of

iron-borings : these must bo freo from dirt and rust. Tho ingredients are to be
mixed together, and moistened slightly with water. As it spoils with keeping,

only as much should be made as can bo used at ono time. Tho cement is

forced between the two pipes by a caulking-chisel and hammer. This cement
hardens very fast, and expands equally with the pipes. Sulphur is sometimes

added, but it is not to be recommended, as it has a deleterious influence on
the iron and on painter's work. In using this cement for the flange-joints, the
skin of the iron should be broken ; and if the surfaces be greasy, they should be
well rubbed over with nitric acid, and well washed thereafter with water.

2049. Another cement for joining steam-pipes is the following: "Eqnal
parts by weight of red-lead and black oxide of manganese in linseed-oil, to

render it of a proper consistency." After the joints are packed, tho bolts should

be further tightened, especially if leakage takes place.

2050. Steam-Pipes carried horizontally and underground. — Where ranges

of pipes are carried along horizontally—as when steam is conveyed from
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row.

the boiler to the steaming apparatus— the great length of pipe, from the

amount of expansion, is apt to loosen the joints and cause leakage. This is

to a certain extent prevented, and the range allowed free motion during expan-

sion, by being placed on rollers, as in fig. 812, where a is the standard for

supporting the roller 4, c the steam-pipe. Where pipes are laid horizontally,

a considerable degree of inclination rig. as.

should bo given to them towards the

boiler throughout their length, so as

to return the water of condensation to

the boiler. Where they are placed at a

lower level, as on the floor of a granary

for drying purposes, the pipes may in-

cline towards a small cistern placed at

a lower level, or towards a curved pipe,

as fig. 813, the steam pressure forcing

the water up the pipe a b into the cis-

tern c. A small valve is placed at a,

opening upwards to prevent the return of the water in pipe b.

2051. In carrying steam-pipes underground from one apartment to another,

across a yard, &c, great care should be taken to prevent the condensation

of the steam in the range of pipes. These, throughout their whole length,

should be carefully covered over with prepared felt, and placed in a box, which

should be well rammed up with non-conducting materials, as sawdust, ashes,

&c, the box being laid in a trench lined with brick, and cemented. All steam-

pipes and boiler-surface exposed to the atmosphere should be also carefully

covered with the prepared felt : a great saving of fuel is invariably effected by
adopting this plan.

2052. Communication between steam-pipes is most frequently made by the

ordinary plug or conical cock. This is very apt to leak from the unequal

expansion of the plug, and the body or seat in which it works.

2053. A form of steam stop-valve, as shown in fig.

814, will be in every respect more satisfactory. The
form here illustrated is that manufactured by Messrs

T. Lambert and Son, Short Street, New Cut, Lambeth,

London, a is the valve screwed down by the screw b

and handle c c.

2054. We have been thus particular in giving direc-

tions as to steam-boilers and their fittings, as very

much of the efficiency of an engine depends upon the

condition of this department—being anxious, moreover,

to take advantage of the limits afforded us to give the

reader as fully as possible an extended notice of the

various appliances, and the results of experience of practical authorities.

2055. Varieties of Steam-Engines.—Wo now propose to give illustrations of

varieties of steam-engines in use, condensing and high-pressure; confining

ourselves, in the first instance, to that class in which the fixed cylinder and
piston are used, leaving for after consideration other varieties involving a
departure, more or loss decided, from this principle of action.

2056. Steam-Engines with Fixed Cylinder and Piston.—Steam-engines having

the fixed cylinder and piston are divided into two classes—condensing and
non-condensing, or high-pressure. We have already pointed out the distinction

between high and low pressure steam in par. 1596. Though the condensing

engine is seldom resorted to for agricultural purposes, there is no reason

BTIAM-COCE OR TOIWALTW.
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why it should not be considered the best and safest ; and though the most

expensive in first cost, yet when tear and wear of boiler, and expense of fuel,

caused by the non-condensing engine, are taken into account, the difference

will ultimately be very small, if any difference does exist. Perhaps the

greatest obstacle to the adoption of the condensing engine on farms is the

larger expenditure of water required for it ; and though, considering the exten-

sive drainage on all well-managed farms, one would expect a moderate com-

mand of water, yet the reverse of this is the real state of the case on a large

proportion of arable farms. There can be little doubt, however, that, should the

desire for condensing engines ever arise, the means will be found neither distant

nor difficult to procure an adequate supply of that element wliich alone inherits

the power. As the condensing engine is so seldom employed on the farm, it has

been considered unnecessary to enter into any description of it in detail
;
but,

at the same time, the few following remarks are thrown out for the information

of those who may possess, or wish to possess, that more perfect machine.

2057. The Condensing Steam-Engine.—The low-pressure or condensing engine,

for both names are equally appropriate, is distinguished from the non-condensing

chiefly from the circumstance of the steam being condensed into water, imme-
diately after it has performed the office of impelling the piston from the bottom

to the top of the cylinder, or vice versd. It is difficult to convey to the non-

mechanical reader a just conception of this process of alternate action, but an

idea of it may be conceived from the following statement : The vessel denomi-

nated the cylinder is closed, steam-tight, with a lid. The piston fits the interior

of the cylinder, also steam-tight, and has a rod or stem attached to its centre,

passing through a steam-tight stuffing-box formed in the lid. The pipe that

conveys the steam from the boiler may be conceived to divide into two branches,

within a chamber, before it reaches the cylinder, which they enter through the

sides at top and bottom. At the point where these branches separate, they are

brought into juxtaposition with a third opening, that stands in immediate con-

nection with a second vessel called the condenser. A sliding concave cover is

now so adapted to these three apertures as to be capable of opening a communi-
cation between the boiler and either of the two first, which we shall call A and C,

A being in communication with the top and C with the bottom of the cylinder,

while the third opening, B, leads to the condenser, but, by means of the slider,

can be placed in communication with either A or C, that is to say, with the top

or the bottom of the cylinder ; and whenever a communication is opened between

B and A, then C is open to the boiler
;

or, if B and C are made to communicate,

then A is open to the boiler. For the more easy comprehension of this, see fig.

4, Plate XXXI. Suppose that B and C communicate, and that A is open to the

boiler, and that the piston is at rest near the top of the cylindor, steam will

rush through the pipe and open the passage A into the upper part of the cylin-

der, and by its elastic force will cause the piston to descend. When it has

nearly reached the bottom of the cylinder, the slider is made to change its posi-

tion, and now places the passage A in connection with B, while C is placed in

communication with the boiler. The condensing vessel B, previously empty,

and being kept constantly cool by the application of cold water, externally

covering its whole surface, and internally entering it as a jet, receives the

steam returning through A, and, finding no resistance to its passage into B,

rushes thence, and is instantaneously condensed into water, leaving the upper
part of the cylinder nearly a vacuum. At the same instant, steam from the boiler

will flow through the pipe and passage C, which, acting upon the lower side of

the piston, will cause it to ascend, and there being no resistance above the piston,

it will be moved by the whole elastic force of the steam, which, in engines of
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tbis principle, witl be about 16 lb. on tbe square inch of the boiler. When
the piston has nearly reached the top of the cylinder, the position of the slider

is again changed, so as to open the communication between the bottom of tho

cylinder through C and the condenser B, and likewise the communication

between A, the top of the cylinder, and the boiler. The steam last introduced

into C will now return into the condenser, and be again reduced to tho state of

water, while a fresh charge of steam from tho boiler passes into A, by which the

piston is once more made to descend. A few repetitions of such reciprocation

would so fill the condenser as to render it ineffective ; but to obviate this,

the air-pump, so called, is added, as an essential appendage to the condensing

engine. The air-pump is placed in connection with the condenser ; its prin-

ciple, as regards its connection with that vessel, is in effect the same as the com-
mon sucking-pump, but it is furnished with an additional valve above the range

of its piston, communicating with a super-stratum of water during the ascent

of the piston, and shutting off that communication during the descent ; and its

duty in this engine is to withdraw both condensable and incondensable matter

from the condenser, so as to preserve in that vessel a vacuum as perfect as cir-

cumstances will admit of. By the help of tho air-pump, then, a constant repeti-

tion of the reciprocations of the steam-piston is preserved, and motion continued

through the action of the beam, crank, &c. After the condenser and air-pump,

the other parts of this engine are essentially the same as in the non-condensing

engine, excepting certain modifications in the apparatus of the boiler, arising

from the inferior degree of steam-pressure employed in the one as compared
with the other. The admission, or " distribution," as it is technically termed,

of the steam to the cylinder, will bo better understood by the following descrip-

tion and figure which illustrates tho usual arrangement of the " long D valve"

adopted in condensing engines.

2058. " Long D Valve."—In fig. 815 we give an explanation of the "long
D valve." Let a a be the piston moving in the

cylinder, c the upper port, d the lower. The slide-

valve is semicircular, open from top to bottom as in

fig. 816; tho face a of the valve is kept up against

the ports ; the rod for working the Fig. «a.

valve is fixed at ff, fig. 815. The

Fig. 815.

1.' VH.VI

upper valve-face is at g, the lower

at h ; the steam is admitted to the

space e, and from thence either to the

upper or under side of the piston,

according as the upper or lower port is open. In

the figure the piston is just about descending ; the

upper port is opened to admit the steam through

the upper port c, while the lower port d is quite

open, admitting the steam to pass from the under

side of the piston to the condenser, through the

eduction-pipe i to the condenser, or to the atmos-

phere, if high pressure. Packing is placed be-

tween the back of the valve and the valve-casing

&t- Jc lc»

2059. In the condensing engine the pressure of the steam seldom exceeds 4

lb. on the square inch, more generally 2 lb., but this is to be understood as the

pressure in the interior surface of the boiler above that ofthe atmosphere, which is

acting externally on its surface with a pressure equal to 14 lb. on the square inch

;

in effect, therefore, the expansive force of the steam is equal to 16 or 18 lb. on tho
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square inch, in any situation where the atmospheric pressure has been removed.

We have endeavoured to show, in par. 2057, how this atmospheric pressure is

destroyed or removed within the sphere of the condenser, which extends also to

the top and bottom of the piston alternately, by the formation of a vacuum there,

more or less perfect. When perfect, and the surfaces of all the parts with which

the steam is in contact are kept at a temperature equal to that of the steam, the

pressure on the piston will be 16 or 17 lb. on the square inch
;

this, however,

can never be fully attained—and the loss of force from this and various other

causes, arising from the friction of the working parts of the engine, through

loss of steam by condensation, in passing to the cylinder, &c, has been ascer-

tained to reduce the effective pressure to 9 lb. on the square inch of the piston,*

which is the clear available power of the engine. This conclusion, applied to

an engine for farm purposes, would indicate a cylinder of about 12 inches in

diameter to produce 6-horse power, which is the power usually adopted on the

farm. The consumption of steam by a cylinder of this calibre, after allowing

for waste, would be 190 cubic feet per minute, or 11,400 per hour, and the water

to supply this evaporation, at the temperature required in the boiler to produce

steam of the pressure here supposed, would be 7.6 cubic feet, or nearly 50

gallons per hour. The water required for steam in the condensing engine is

small in quantity compared to that required for condensation, and although the

condensing process may be carried on with less than what may be considered a

full supply, the water thus saved is acquired at a sacrifice of the steam power

;

in other words, the engine is caused to work with a less perfect vacuum, which,

counteracting the impulse given by the steam to the piston, destroys a portion

of the effective power. The quantity of cold water required for the most perfect

practicable condensation is allowed to be about 24 times the quantity converted

into steam, or 1200 gallons per hour, equal to 20 gallons per minute for a 6-horse

power engine, and, including that for steam, 21 gallons nearly. With a view,

therefore, of setting down a condensing engine, the very first point required to

be ascertained is a supply of water ; and unless this can be obtained in such

quantity as above stated, it will appear doubtful whether or not it be advisable

to adopt an engine of the kind. But the requisite supply of water may be con-

sidered in another point of view. It is seldom that a farm engine is required to

work for more than one day of 12 hours continuously ; the quantity of water

required for that period would be 15,000 gallons, or upwards of 2300 cubic feet.

A reservoir would thus be required, sufficient to contain at least one-half of this,

which might be collected during the 12 unemployed hours of the 24 ; that is to

say, if the constant supply were equal, in round numbers, to 1200 cubic feet in

12 hours, which is a little more than 10£ gallons per minute, this quantity, by

storing it up during half the day, would supply the engine with full water

during the remaining half. The capacity of the reservoir must necessarily

bo sufficient to contain this half supply, and, for this purpose, it would require

900 square feet of area and 2^ feet of depth, or any other suitable dimension, to

bring out the capacity. By returning the water into cooling ponds—and nearly

the whole of it can be returned, as is done in many cases, especially in towns—
a supply greatly below this could be made to serve the purpose. In adopting

such a system, however, the cooling ponds, to which the water is returned at a

temperature varying from 100° to 130°, must have a surface so extended, that no

portion of the water may be required to be returned to the engine until its

temperature has been reduced to less than 70°. If condensation is attempted

with water of a temperature much above 70°, either the quantity so applied must

* Trbdoolo On the Steam-Engine, p. 206.
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be very large, or the temperature in the condenser mast be high : the former
implies a great oonsumpt of water, tho latter a loss of effect from imperfect

condensation. These are important considerations in the use of the condensing
engine, where water is scarce ; but to follow them out here is not our purpose.

2060. The inquiring farmer and mechanio will find ample details on this and
all other points of the steam-engine in the works of Tredgold, Farey, Bourne,

and others, which are devoted entirely to it.

2061. The Non-condensing Engine.—Steam-engines of this, as well as all the

other species, are constructed in a great variety of forms, but for farm purposes,

when stationary, they are chiefly confined to three—the beam, the crank over-

head engine, and the horizontal cylinder engine
;
and, when portable, they are

divided into two classes.

2062. The Crank-Engine.—In the non-condensing engine, the circulation of

the steam from the boiler into and out of the oyUnder is precisely the same as has
been described for the condensing engine (par. 2057), until the steam arrives at

that point where it entered the condenser. There being no condensing apparatus
in the engine now under consideration, the passage that, in the former, led to

the condenser, leads in this directly to the atmosphere, into which the steam is

discharged at every half stroke of the piston. An engine on this principle is,

therefore, a machine of extreme simplicity, compared with the former, and on
this account chiefly has its adoption in agriculture become so general. Figs.

1 and 2, Plate XXXIII., are two views of this engine, the first being a front, and
the second a side elevation, without the boiler. The motions of the steam have
been already adverted to ; and here it is now only necessary to observe, that

the column n o becomes, in this arrangement, a part of the steam-pipe. The
pipe leading from the boiler joins it at n, from whence the steam descends to o ;

and passing through that branch and the throttle-valve case /, it enters a channel

that half embraces the cylinder, and opens into a small steam-chest that con-

tains the slide-valve, or D slide. This, in fig. 1, is concealed behind the

cylinder, and in fig. 2 it is also hid behind the column ; bat in fig. 4, Plate

XXXI., the arrangement is seen in Bection, as will afterwards be described.

The steam -chest covering the slide being thus in communication with the

boiler, the steam, from its elasticity, is always ready to flow into any channel

that is opened for it. Hence, as the slide is moved alternately from off the

passage leading to the upper and to the lower ends of the cylinder, the piston

is made to reciprooate between the top and bottom. At every change of the

slide, the passage leading to the atmosphere is put in communication with the

top or with the bottom of the cylinder, and the steam—which had, in the

previous stroke, done its duty on the piston—is drawn off and discharged

through a channel corresponding to that by which it entered
;
and, passing

through the branch q into the column q r, it is discharged into the atmosphere

by the pipe r, which frequently terminates in the chimney.

2063. To follow out, in the first place, the results of the circulating system in

this engine, as has been done in the condensing engine in par 2057, we have to

consider tho amount of power from a given area of piston and given pressure of

steam. Unfortunately, there is a wide difference of opinion as to the rule for deter-

mining the power of non-condensing engines
;

for, while some hold an area of 80
circular inches of piston as equivalent to 6-horse power, others allow an area of 120

of the same inches as requisite to bring out the power of 6 horses. It is more
than probable that these discrepancies have arisen from the circumstance of the

motive power, in this case, being of such a variable nature ; for it is so easy to

change the force of steam in the boiler from 25 to 30 or 35 lb. on the inch, that
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the real power becomes quite a nominal quantity. There appears to us a 6onrc©

of error, also, in the rules given by writere for finding the power of non-con-

densing engines, by their not making proper allowances for that portion of the

original force of steam in the boiler which is lost by friction of parts, &c. Thus,

Tredgold, in his rule for finding the power,* gives a cylinder of 11 inches

diameter for 6-horse power, with steam of 24 lb. in the circular inch, which is

equal to 30 lb. on the square inch. But experience goes to show that this is

too low a calculation ; and by a rule which wo conceive to be near the truth, an

engine with 11 -inch cylinder is nearly 7-horse power. What we conceive to be

the ground of this error is the allowance made for the resistance of the atmos-

phere to the steam, as it is discharged from the cylinder. From the rapid dis-

charge of the steam into the atmosphere, and its natural condensation there, it

may be inferred that an artificial atmosphere is formed, which extends as far as

the limits of this discharge, and of considerable rarity, exerting an influence, as

near as we can estimate, equal to only one-half the natural pressure of the

atmosphere, or 5.75 lb. on a circular inch. With this element, and taking the

loss of expansive force between the boiler and the piston at the usual calcula-

tion of 4-tenths of its pressure in the boiler, leaving 6-tenths as the effective

pressure^ we have the following rule.

Multiply the square of the diameter of the cylinder in inches into 6-10ths

of the entire pressure of the steam in the boiler in lb. on the circular

inch, minus half an atmosphere, or 5.75 lb., on the circular inch ; and

the product by the velocity of the piston in feet per minute. The last

product is the power of the engine in lb. raised one foot high per

minute ; and for the horse-power divide as usual by 33,000. For

example,

Let the cylinder be 9 inches diameter, the length of stroke 20 inches, and

the number of strokes per mimite 84, being equal to a velocity of 214

feet per minute for the piston, and the pressure in the boiler 25 lb. on

the circular inch, equal to 32 lb. on the square inch nearly ; then,

(.6x25) -5.75 =9.35; and

98 x 9.35 x 214 E , .= 5-horse power nearly.
33,000

1 J

2064. By the rule given above for the power of non-condensing engines, a

cylinder of 10 inches diameter, with a pressure of 25 lb. on the circular inch,

and making 60 strokes per minute, is equal to 6-horse power ; and the piston

will move at a velocity of 214 feet per minute, making the consumpt of steam,

allowing for waste, equal to 128 cubic feet per minute, or 7680 per hour. The

proportion of water to steam, consumed at this pressure, is about 1 to 850, or a

little more than 9 cubic feet of water, being about 57 gallons per hour for the

supply of the boiler. This calculation is stated merely to show how small the

quantity is that suffices for a non-condensing engine of 6-horse power.

2065. The complicated passage of the steam through the cylinder has been

alluded to in par. 2057
;
but, considering how important it is that the farmer

should have a competent knowledge of the machinery with which his business in

carried on, wo shall endeavour to render this part of the subject still more definite

by a reference to fig. 4, Plate XXXI. This is an enlarged section of the steam
•

" Tbedgolo On the Sttam-Emjine, p. 84. + Ibid
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cylinder and slide-Valve, with its case, a is the cylinder, b the piston, c the pis-

ton-rod, and d the cylinder cover, with the stuffing-box through which tho piston

moves, steam-tight ; t is the steam passage to the upper side of tho piston, and/
that to the lower side : these passages lead from the steam-chest g. The steam-

chest or valve-case is attached to the cylinder in such a way as to embrace the

three openings, A, B, C. Tho case g contains also the slide A, to which is

attached the slide-rod i, passing through its Btuffing-box in the cover of the case.

Tho slide-rod is acted upon by the eccentric on the crank-shaft, which is so

adjusted as to move the valve at the precise time and place required for the due
admission and emission of the steam to and from the cylinder. In the figure,

the slide is in the position that connects the opening C with the opening B

;

or, in other words, the passages are open that allow the steam under the piston—which is now upon its descent— to escape in the direction of the arrow,

through B, into the atmosphere ; while the steam from the boiler enters the case

by the aperture it, and, passing directly to the opening A, passes through e into

the cylinder, causing the piston to descend. When the piston has reached near

to the middle point of its stroke, the slide begins to move from its present posi-

tion ; and when tho piston has reached within 1 or 2 inches of the bottom

—for tliis varies according to the views of the engineer—the orifice A will have
been shut off from its connection with the case g, and immediately thereafter

the orifice C is opened into g, the connection between C and B having, in the

short interval, been cut off by the movement of the slide ; and previous also to

the commencement of the piston's ascent, the communication between B and A
is opened by the same movement, permitting now the steam above the piston

to escape through e and B to the atmosphere. This new position of the slide

causes the ascent of the piston, and a repetition of the movements in the reverse

order produces again the descent of the piston, and so on.

2066. To return to the structure of the crank-engine, the parts of which it

consists maybe described as follows : a a, Plate XXXIII., is the wall separating

the engine-house from the barn, b b the level of the engine-house floor, and c c the

sole-plate on which the superstructure of the engine is raised. The sole-plate

is bolted down to a mass of solid masonry, to give it perfect stability. Tho
masonry usually consists chiefly of two blocks of stone, each about 5 feet in

length, 2 to 2^ feet in breadth, and at least a foot in depth ; these are laid upon
a foundation of coursed masonry, from 1 to 2 feet in depth, as the locality may
require, and the bolts pass down through all. The two columns d are secured

to the sole-plate by two of the above-described bolts, which take hold of tho

column by means of strong cotterels passing through the column and tho bolt

;

which last is secured under tho masonry by a screw-nut or by a cotterel. The
tops of the columns are secured in various ways, but in the present case

by means of a beam of cast-iron e e, forming an entablature which extends across

the engine-house and rests at each end in the walls ; the connection between
this and the columns being also effected by bolts and cotterels. A guide-bar i

extends between the two columns, through which the head of the piston-rod

passes, to preserve its parallelism ; and this constitutes the whole framework of

the engine. The working parts remaining to be described consist of the con-

necting-rod A, which joins the piston-rod with tho crank £, which last is firmly

fixed upon the crank or main shaft /, which has its bearings in the beam e and
wall a. The fly-wheel m is placed upon the crank-shaft, its purpose being to

equalise the motion of the engine. It is necessarily of considerable weight, and
the diameter should not be less than 8 feet ; the section of its rim being equal

in area to 16 square inches, yielding a total weight of from 11 to 15 cwt.
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2067. Tredgold has given a rule for determining the weight bf a fly-wheel in the

following terms :
" Multiply 40 times the pressure on the piston in pounds by

the radius of the crank in feet ; divide this product by the cube of the radius of

the fly-wheel multiplied into the number of its revolutions per minute ; the result

is the sectional area of the rim of the fly in inches." To apply this rule to the

case before us, we have the pressure on the piston, which is 10 inches diameter,

equal to 10s x 25 x .6 = 1500 lb., radius of the crank .91 foot, radius of fly-wheel

4 feet, and making 60 revolutions per minute, then

1500 x 40 x.91 60,000 . . . , ,= _.»— =15 inches nearly,
43 x 60 3840

J1

which gives a weight of rim equal to about 11 cwt., and, with the eye and

arms, will amount to 14 or 15 cwt., as before stated.

2068. The crank-shaft carries also the two eccentrics at y, the one for the

pump-rod z, to which is jointed the plunger a' of the pump for supplying water

to the boiler. The other eccentric moves tho slide-valve rod seen between the

column and the pump-rod ; and the shaft likewise carries the pair of bevel-

wheels that give motion to the governor The governor is supported at bottom

on the bracket u, and at top runs in a collar of the V bracket v, bolted upon the

beam e.

2069. The essential parts of the governor are the two oblique rods V V with the

balls e'e' attached at their lower extremity; and these being suspended by a joint

on the vertical axis d" d\ the whole is rendered capable of revolving horizontally

upon that axis. In this form it is known as the conical pendulum, and was first

applied as a regulator of the steam-engine by Watt. If the vertical distance be-

tween the points of suspension of the rods, and the plane in which the centre of

gravity of the balls and rods revolve, be made the same as that of the common
seconds pendulum, and the balls be made to revolve, they will have no tendency

either to rise or fall by their centrifugal action, if each revolution is performed in

two seconds, being the time that a common pendulum takes to make a vibration

forward and back to the same point, or 30 revolutions in a minute. It is this prin-

ciple that gives the conical pendulum value as a regulator ; for if the machine

that gives motion to the governor is accelerated, from a reduction of resistance

or other causes, the revolving balls partake of the acceleration, and the centri-

fugal action, thus generated, gives them a tendency to fly off from the centre of

revolution. This outward motion is converted into the means of regulation, for

while the balls and rods extend their circle of gyration, they act upon the two

jointed arms e' e*, which meet in the sliding piece/', where they are also jointed,

and/ is drawn upward. A lever is frequently attached to/' by a fork ; but in this

example the lever w is applied to the collar g' above the joint of the rods, and this

collar being connected to/ by two slender side-rods, they move together, and

the lever w being suspended near its centre h', has the opposite extremity jointed

to the rod a?, the lower end of which acts upon the lever of the throttle-valve.

In small engines, the arms of the governor are never made equal in length to

the seconds pendulum, but of such length as will accord with velocities of 40

or 45 revolutions per minute ; and the length of arm to produce this is easily

found by the common rule for the length of pendulums,—their vibrations being

as the square root of their length,—and the revolutions of the conical pendulum

being half the number of vibrations of a common pendulum of the same length.

2070. The throttle-valve, to which the effects of the governor are directed, is

a thin circular plate of metal, having an axis fixed across its diameter, and is

nicely fitted into the steam-way, passing through the case p. The 6pindle
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pasBeB through the sides of the case steam-tight, and carries on one end a small

lever by which the valve can be turned ; and the lever is put in connection with

the lower end of the rod x. The extension of the balls of the governor acting

on the slide/', and from that, through the lever and rod w and x, depresses the

lever of the valve, and by thus turning the valve, reduces the steam-way, and
prevents further acceleration of the machine.

2071. In setting down the engine^ we have to consider the space necessary to

receive it. This, in the direction of the barn wall, need not be larger than

feet, or a few inches more than the diameter of the fly-wheel ; the breadth

in the other direction should not be less than 8 feet, but may extend to 9 or

91 feet. In almost every case, this form of engine is the most commodious for

application to a thrashing-machine, especially in regard to the dimension

of height ; for the height that the crank-shaft stands above the floor of the

engine-house will generally bring it near to the large spur-wheel, which,

though not in all thrashing-machines, is yet to be found in a large majority of

them. This is supposing that the floor of the engine-house is nearly on a level

with the barn-floor, which will generally be the case, unless artificially changed.

2072. The Beam-Engine.—In reference to the beam-engine, the mode of action

of the steam in its passage to and from the engine, the quantity of steam and
of water, the power, the regulating and governing, and, indeed, every essential

principle, being common to it and the crank-engine, par. 2062, it becomes unne-

cessary to say more than merely to point out the difference in construction.

Figs. 1 and 2, Plate XXXIV., represent the beam-engine of 6-horse power

;

fig. 1 being an elevation, and fig. 2 a plan : the same letters refer to both figures.

The sole-plate, a a a, is bolted down to the seat, consisting of solid masonry,

as described in par. 2066 ; but in this case the pit extends to a distance equal to

that between outside and outside of the end columns, the width being about 20
inches, and the depth varying from 3 to 7 feet, according to the position of the

barn and the engine-house, and of the large gearing. The bolts that secure

the sole-plate lay hold also of the columns b 6, fixed with cotterels : c is

the entablature frame, bolted to and securing the heads of the columns. To
this is bolted the carriage of the main centre of the engine-beam A A. A small

portion of the wall that separates the barn from the engine-house is at <?.

The oylinder is c, / the piston-rod, and g g the parallel motion,—the medium
of connection between the piston-rod and the beam. A parallel or rectilineal

motion of some sort is a necessary appendage to the beam-engine ; for as the

extremity of the beam, in its vibration, describes an aro of a circle, while

the piston-rod must describe a rectilineal course, a direct junction of the two is

incompatible ; hence the absolute necessity of some medium being interposed

to allow the two to act in concert. This object is attained by the parallel motion

here figured, which was, in its original form, the invention of Watt; and
though it appears under various modifications, they may be all reduced to one

principle, the objeot of which is to procure a point or points in the construction

that shall describe a straight line. In the figure, the point to which the piston-

rod is attached, and also that to which the pump-rod h' is attached, possesses

the property within certain limits. Though this arrangement of parts goes by
the name of the parallel motion, it is only within certain limits that the motion

of the points alluded to preserves a striotly rectilineal oourse ; and towards, but

especially beyond the limits, the deviations are very considerable, going on

with increasing deviation, till the motion of the point ends in a returning

curve or loop. Notwithstanding this apparent defect, the motion is sufficiently

perfect for all practical purposes, provided the longitudinal axis of the beam A,
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in the extreme points of its vibrations, does not subtend an angle exceed-
ing 36°.

2073. That end of the beam which is opposite to the parallel motion has the
connecting-rod i jointed to it, and the latter is connected to the crank it by means
of the crank-pin or journal, which turns within a bearing in the lower end of i.

The crank is firmly attached to the main or crank-shaft L, which is supported in

two plummer-blocks, one in the sole-plate a, and one upon the wall d, and it

also carries the fly-wheel m, of dimensions similar to that formerly described
in pars. 2066 and 2067. As will be soon in the figures, the fly-wheel in this

engine is nearly half immersed in a pit formed for its reception.

2074. Regarding the distribution of the steam in this engine, it enters by the
pipe n, fig. 2, Plate XXXIV., passing through the throttle-valve case py

and
after performing its duty in the cylinder, is discharged through the pipe o into

the atmosphere, either directly or through the chimney. The lever of the
throttle-valve is and r is the top of the slide-valve case ; t t the eccen-
tric rod, acted upon by an eccentric placed on the crank-shaft, over which
the circular extremity of the rod t passes, and by its alternate action causes
the vibrations of the wiper by the arm «, fig. 1, and whose opposite arms are

jointed to the cross-head at v of the slide-rod r. The small bevelled wheel fr,

on the crank-shaft, gives motion to the upright shaft y of the governor; and
the saddle-shaped carriage x, which spans over the crank-shaft, forms a foot-

step for the governor-shaft, while its upper journal is supported in a bracket
projected from the entablature c, but is hidden from view in the figure. The
governor is partially seen at z in fig. 1 ; its construction is the same as that
desoribed in par. 2069, and its motions are commuuicated to the safety-valve

through the rods a' and V.

2075. The pump for supplying water to the boiler is attached to the sole-

plate by means of the cross-bar a a, fig. 2 ; and c' is the pump-chamber, e' the
case of the upper valve, «T the case of the lower, and /' is the 6uction-pipe

proceeding to the well or cistern, while i' is the pipe which conveys the supply
to the boiler. Pumps of this kind are generally worked on the principle of
forcing, with a solid piston or plunger, which is here represented at g\ and is

connected by a socket and key-joint to the pump-rod h'.

2076. Setting on and Stopping the Engine.—The setting on and stopping the
non-condensing engine is an exceedingly simple operation ; and its simplicity

is even simplified by the addition of a cock or valve on the steam-pipe, which
is very frequently adopted, and in that case the throttle-valve is not required

to be so accurately fitted as where no stop-cock is employed. To set on the

engine, the steam must first be brought up to the requisite degree of pressure.

When this is accomplished, which is known by the safety-valve rising so as to

allow the escape of steam, the stop-cock, if there is one, is opened, the throttle-

valve being also open ; the steam is admitted both above and below the piston,

by moving the slide with the handle of the wiper-shaft u, to heat the cylinder,

the eccentric-rod t being at the time disengaged from the shaft This done,

the gab of the eccentric rod is laid upon the arm of the wiper-shaft ; and if

the crank is in a horizontal position, the engine may start off without assist-

ance ; but if it does not move, the fly-wheel is to be pushed round a few feet,

or until the crank has once passed the centres, when it will move on freely.

If no resistance is upon the engine, the throttle-valve should be put nearly

shut, but as soon as the resistance comes—the commencement of thrashing, for

example—the throttle-valve lever q is to be connected to the vertical rod b\

and the work will proceed regularly.
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2077. In stopping, where there is a stop-cock, the shutting of it puts a stop

to further motion, except what the momentum of the parts may continue to

give out for a few seconds. Where there is no stop-cock, the first step is

to disengage the throttle-valve lever q, and close the valve ; and immediately

after disengaging the eccentric rod t from the wiper-shaft u, the engine will

stop. It is advisable to keep tho eccentric rod t disengaged at all times

when the engine is standing.

2078. As the engine-house is seldom accessible directly from the barn, there

ought always to be means established for communicating a signal between the

two places ; and this should proceed from the chief of the operation—the per-

son who feeds the machine. As there can be but two propositions to make—to

Bet on and to stop—one signal is sufficient, and a bell seems to be the most con-

venient medium of communication.

2079. Condensing Beam-Engine.—In Plate XXXV. we give a series of figures

illustrative of the arrangements of a 12-horse beam condensing steam-engine.

Fig. 1 is the side elevation, fig. 2 the plan, fig. 3 the plan of entablature, fig.

4 an end elevation at cylinder, fig. 5 an end elevation at connecting-rod, and
fig. 6 plan of beam.

2080. The foundation a a, fig. 1, is of stone or brick ; bb the cylinder; c the

piston; <f <f, fig. 4, the cross-head and side-rods for working the valves; rfrf,

fig. 1, the valve-casing ; e the slide-valve
;
/the eduction-pipe leading to the

condenser g, placed in the cold-water cistern hh
\ j k the air-pump ; I the hot-

water ciBtern ; m the hot-water feed-pump ; n the cold-water pump, to supply

cistern h
;
p' p' framing

; p p entablature
; q q beam vibrating on the centre

plummer-block r ; s s the connecting-rod ; t the governor ; u the crank ; v the

eccentric, for working the valves. In fig. 6, the plan of beam, a a is the main
centre ; b b the studs to which the cold-water pump-rod y, fig. 1, is fixed ; c c

the studs to which the hot-water pump-rod x, fig. 1, is fixed ; d rf, the studs

for the rod w
t
fig. 1, of the air-pump ; e e the studs of the main links 1, fig. 1

j

and //those of the connecting-rod s s, fig. 1. The same letters of reference

apply to all the figures.

2081. The operation of the engine remains now to be described. The steam,

after working the piston, say during the up-stroke, passes down the eduction-

pipe to the condenser, where it comes into coutact with the jet of cold water

projected into its interior : a vacuum is thus formed below the piston, which has

reached the top of the cylinder. By the action of the eccentric, the slide-valve

is made to open the upper steam-port, through which the steam is admitted

above the piston into the vacuous space below the piston; the piston

descends, the upper stoam-port is thus closed, and a communication made
through it with the condenser ; the steam from above the piston rushes tlirough

the port down to tho eduction-pipe into the condenser. A vacuum is now
formed above tho piston, and by the eccentric the slide-valve is made so as to

open the lower port for admission of steam, when the same action goes on as

just described. By this means an up-and-down motion is imparted to the

piston and piBton-rod. This reciprocating motion is imparted to the working-

beam, which is poised or balanced on its centre, and tho reciprocating move-
ment is changed into a continuous circular one, by connecting the end of the

beam furthest from the cylinder to a crank, by means of a connecting-rod. As
there are two points in each revolution of the crank, termed the "dead points,"

in which the reciprocating movement of the beam. and connecting-rod has no
tendency to make tho crank revolve, a heavy fly-wheel is fixed on the crank-

abaft, the momentum of which, being derived from the action of the crank when
receiving the full force of the engine, carries round the crank past tho " dead
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points," and thus keeps up a continuous motion (more or lees perfect) of the

crank-shaft and fly-wheel. In fig. 1 the crank u is midway between the

"dead points." When the piston is at the bottom of the cylinder, the

tendency of the connecting-rod is to pull the crank upwards out of its bear-

ings, while the tendency, when the piston is at the top of the cylinder, is to

press it downwards. While the ends of the beam describe portions of a
circle, the piston-rod is made to move in a straight line by means of the

beautiful mechanism known as the "parallel motion," as already described

in par. 2072. The vibrating motion of the working beam imparts a recipro-

cating motion to the rods of the hot and cold water pumps and the air-pump,

by which the pistons or plungers of the same are worked. After being

condensed, the water of condensation resulting is withdrawn from the con-

denser by the air-pump, and delivered into a hot-water cistern, from which
it is pumped by the force-pump, and delivered to supply the boiler. To
regulate the supply of steam to the cylinder, the contrivance of the "governor"
is used. When the engine is working too fast, the balls, from the centrifugal

force generated by the revolution of the spindle to which they are attached,

fly outwards, and thereby move a lever, or series of levers, by which the

valve is closed (more or less), by which the steam is admitted to work the

cylinder. On the engine working more slowly, the balls drop inwards, and the

lever opens the valve. Such is a general explanation of the movements of a

condensing beam steam-engine.

2082. Horizontal High-Pressure Engine.—In Plate XXXVI. we give figures

of one of the third class of stationary agricultural engines—namely, a horizontal

engine, manufactured by Messrs Clayton and Shuttleworth of Lincoln. Fig. 1

is a side elevation, fig. 2 a plan, fig. 3 an end elevation at cylinder end, and

fig. 4 an end elevation at crank end.

2083. In fig. 1, a a a a is the foundation or engine-bed ; b b the sole-plate

framing, bolted securely down to the bed ; c c the cylinder ; d the cylinder-

gland or stuffing-box; e e the piston guide-bars or slides; f the piston-rod

cross-head
; g the lubricating cup for the guide-bars ; h the piston-rod ; i i

the connecting-rod
; j the crank ; k k the eccentric rod, for working the

steam-valve ; I the eccentric for working the connecting-rod m, jointed to the

plunger of the pump n, which supplies the boiler with water ; o o the pedestal,

in which the crank-shaft p revolves
; q q the fly-wheel ; rrra driving-belt

passing round a pulley on the fly-wheel shaft, and over a second pulley *,

driving the gearing of the governor 1 1

1

; u the steam supply-pipe. In fig. 2

(the plan) the same letters denote similar parts in fig. 1 ; the additional letters

v v showing the valve-casing ; to the lever of the throttle-valve ; x x the

pedestal, supported by the wall y y, for supporting the extremity of fly-wheel

shaft p p; q q the fly-wheel. In fig. 3, a a is the engine-bed ; b b the sole-

plate ; c c the cylinder ; d d the valve-casing ; e e the steam supply-pipe

;

/ the throttle-valve handle
; g g the fly-wheel shaft, supported by the pedestals

h h ; s the eccentric, for working the plunger of the pump,;' ; k k the fly-wheel.

In fig. 4, a a is the engine-bed ; b b the sole-plate ; c c the connecting-rod

;

d d the crank; e e the fly-wheel shaft, supported by the pedestals fff\ g

g

the fly-wheel ; h tho governor ; i the eccentric, for working the plunger of the

pump j ; it the eccentrio, for working the slide-valve.

2084. Portable Steam-Engines .—Having now described and illustrated various

examples of the class of stationary^ we come to describe those of the next class,

or portable engines.

2085. Portable engines are those in whioh all the parts are self-contained,
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requiring no fixed or permanent location, but can be easily moved from one

place to another. They may be divided into classes : 1st, Those which are

designed to be worked under cover, but are so far portable as to be easily

removed from one part of an apartment to another, or from one apartment to

another
;
2d, Those removable from place to place, from one part of the farm

to another, and to be worked in the open air or under cover indifferently. As an
example of those to be worked under cover, we present two figures in Plate

XXXVII. of a crank over-head engine, manufactured by Mr Wm. Walker,

engineer, Lower King Street, Manchester. Fig. 1 is a front, and fig. 2 a side

elevation : the letters refer to both figures. The framing a a is square in sec-

tion, tapering upwards ; the base-plate b is continued forwards, to afford a bed-

plate to which to secure the cylinder c ; the guide-bars d d are bolted to the

framing at their upper and at their lower extremities to snugs or ears cast

on the cylinder flange ; e e the piston-rod cross-head
; // the conneoting-rod

;

g the crank ; k h the crank-shaft, supported by the pedestals 1 1 ; j the eccentric,

for working the valve-rod k k ; I the steam or valve chest ; m m the fly-wheel

;

n n the driving-belt pulley ; o the eccentric, and/> the eccentric rod, for working

the pump q which supplies the boiler ; rrr the governor.

2086. As an example of portable engines movable from place to place, we
give, in Plate XXXVIIL, figures of the well-known engine manufactured by
Messrs Tuxford and Sons, agricultural engineers, Boston. In fig. 1 is given

a longitudinal section, in fig. 2 an end elevation, in fig. 3 a front elevation, and

in fig. 4 a transverse section.

2087. a, figs. 1 and 4, the furnace ; b longitudinal flue, with water-space V 1/

dividing same, and thus constituting, as it were, two flues ; c take-up from flues

to the tubes or smoke-box ; d d tubes ; t smoke-box leading into the chimney
; ff

chimney, with a perforated dome g, capable of being elevated by the rod A, which
is made to slide up or down by the finger-buckles t, fig. 3 ; j joint to chimney, by
which the upper portion is made to fall backward when travelling ; k k steam-pipe

;

1 1 steam-regulator, for admitting or cutting off the supply of steam along the

steam-pipe m m ; n the throttle-valve, which is acted upon by the governor a?,

fig. 3, through the medium of a rod which passes through the hollow governor-

spindle ; o the steam-chest, to which a passage conducts from the throttle-

valve n, within the foundation-plate, on which the chest and cylinder stand

;

p the cylinder of engine
; q the cross-head to which the piston is attached :

side-straps connect this lower cross-head with an upper one, which works up
and down in guides in the steeple y ; from this upper cross-head descends

the connecting-rod which is connected with the crank : r, fig. 3, the force-pump,

which has its plunger connected with the cross-head q ; a water passage leads

from the pump through the foundation-plate, and an upright pipe afterwards

connects with the water-regulator «, fig. 1, which passes the water into a small

chamber or water-door t : against this water-door the fire strikes after passing

through the flues, and before it is returned through the tubes d d ; the door,

therefore, acts the part of a water-heating apparatus, whilst, at the same time,

it prevents the engine-house from becoming unnecessarily hot : u u the exhaust-

pipe, passing from the engine-house along and within the boiler, and turning

up into the chimney; v the safety-valve, with a Salter's pressure-gauge u>;

a?, fig. 3, the governors
; y the steeple, with guides for connecting-rod ; z z the

fly-wheel, used also as a driving - pulley ; z' z' a pulley for driving any
machinery from, wliich does not require so high a velocity as that driven from

the fly-wheel
;

a, fig 2, a! fig. 1, a door to the smoke-box e : tins door is readily

opened, and admits of the tubes being easily brushed out, the soot and ashes
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being forced into the take-up c, fig. 1, where they are consumed, or are raked

out through the flues b into the furnace a : c\ fig. 1, the furnace-door
;
c, fig. 4,

water-space dividing the flue into two parts b b ; d d, fig. 2, common water

gauge-cocks ; e glass water-gauge.

2088. The chief features of Tuxford & Sons' patent portable steam-engines may
be summed up as follows—viz. : 1st, A vertical cylinder, with steeple arrangement

of engine, the upper croRs-head working in guides, capable of adjustment, for

keeping them perfectly true, the engine being placed in an iron house, and

under lock and key. 2d, The boiler, combining the advantages of both the flue

and tubular boiler, and, whilst retaining the economy and portability of the

tubular boiler, is released from the serious drawback against the tubular boiler

—viz., the great tendency of becoming leaky at the tube-plates where the tubes

join them. This great defect is partly accounted for from the circumstance of

the tubes being of much lighter material than the other portions of the boiler;

and when the furnace-door is opened for throwing on fuel, a rush of cold air

enters, and, passing along the tubes, has on them a more sensible effect than

on the other and stronger portions of the boiler, and hence a greater contrac-

tion ; whilst on the closing of tho door a succeeding expansion takes place, and

these alternating influences speedily cause the leakage so generally complained

of, with the great expense of frequent renewal of the tubes. Tuxford's boiler

is stated to remedy tins defect, from the circumstance of the flues through

which the fire first passes being of the strongest substance of the boiler.

There being a greater amount of resident heat in the thick substance of the

flues than in the thinner substance of the tubes, the flues are not so sensibly

affected upon the opening of the door for feeding the fire ; and the air which

enters, becoming heated as it passes along, when it roaches the tubes, enters

them at a very different tempera-

ture than is the case witli the ordi-

nary tubular boiler. 3d, A safety

spark-trap to tho chimney, by

means of the perforated dome.
2089. In fig. 817 wo give a per-

spective view of the smoke-box end

ofthis engine. Although the plan

of having the working parts

under cover is possessed of many
advantages, it is but right to state

that the high temperature of the

air with which they are surrounded

adds to the cost and to the diffi-

culty of maintaining efficient lubri-

cation.

2090. Haywood's Portable En-

gine.—In fig. 818 we give an ele-

vation of a very compact form of

portable engine of 2^-horse power,

manufactured by Mr James Hay-

wood, jun., of Phoenix Foundry,

Derby. From its small size it

m> >i*T«n<.M <«r a«oi«.i»E »•) or ruxxxu/a run.iMLa can be easily transferred from
uMu»,aKiMMnvi place to place. It is of sufficient

power to work chaff-cutters, turnip-pulpers, and thrashing-maclunes for small

Tig. 817.
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farms. Tho boiler answers the purpose of a steaming apparatus for the pre-

paration of food for cattle. In the illustration a a is the boiler, b b the steam

rijf. ma.

ilk ii i .-Alio* or niim.ct rviirini i »>oin»

dome or separator ; c the steam-pipe leading to cylinder d; e e, fly-wheel
; //,

pulley for driving-belt
; g eccentric rod for working pump to supply boiler

with water ; h h, tho spring safety-valve.

2091. In Plate IX. we give in fig. 1 a side elevation, and in fig. 2 a plan of

a portable steam-engine, manufactured by Messrs Ransome and Sims of Ipswich.

In fig. 1, p p is the cylinder
; q q, r r, * s, t /, u the reversing gear hereafter

described ; v v fly-wheel or chimney ; x smoke-box
; y y steam-dome ; z lever

of spring safety-valve
; 1, spring balance of safety-valve

; 2, plate opposite

fire-door ; 3 3, hind wheels ; 4 4, front wheels.

2092. BoydelVs Endless Raihcayfor the Conveyance of Portable Engines from
place to place.—Tho present seems to bo the most fitting placo to notice a
recent invention, now attracting tho attention of agricultural machinists. We
allude to the principal feature of the traction-engine of Mr Boydell, known as the
M endless railway ;

" this being mechanism applicable to wheels of carts or por-

table locomotive engines, to enable them to go over tho softest ground, and
overcome obstacles which would, under ordinary circumstances, be difficult to be
overcome, if not insuperable, and, by greatly facilitating tho draught, econo-

mises steam and horse power to a considerable extent.

2093. The original patent was taken out in 1846, and was for apparatus which
'* consisted in the application of movable detached parts of a railway to the

wheels of carriages, whereby each part is successively placed by its wheel on
the road or land over which tho carriage travelled, each part of the portable

railway when down allowing its wheel to roll over it, the wheel depositing and
lifting the parts of the railway in succession." In 1854 a second patent was
taken out for improvements, consisting " in the application of side pieces to

2q
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each portion of the movable rails, so as to obtain a more extended bearing for

the rails whilst the wheel is passing over them ; and for the construction of

parts of the portable rails, by combining tough iron and wood to obtain great

strength with lightness."

2094. In fig. 819 we give an illustration of the arrangement of a wheel with

the parts of the endless railway attached

;

fig. 820 being a view of one of the separate

parts of which this is constructed; and

fig. 821 that of one of the double guides

fixed to the side of the wheel, by which

these parts are lifted from and deposited

on the ground in succession. The parts of

„ the rails, fig. 819, on which the wheels run

are affixed to a plate, of which the surface

is considerably wider than that of the tire of

the wheel. By this arrangement a broad

bearing surface is afforded, preventing the sinking of the wheels into the 6oil.

The ends of the bearing-plates match into each other, and extend beyond the por-

tion of the rail fixed to them. This is done so that when the wheel arrives at one

end of a portion of the rail, a portion of the bearing-rail is still left over, and the

wheel is received on to and supported by the portion of the rail on the succeeding

bearing-plate, before it leaves the bearing-plate of the previous part.

2095. In fig. 820 each portion of the rail a a a is fixed to the bearing-plate b,

»OTD»LX'i XMULXas RAIMTa

l«iajl or rail or ikvlfm railway

to which a triangle c c is affixed ; this passes between the guide-plates d «, fig.

Ft* ML 821, affixed to the side of the wheel, a

pair being given to each bearing-plate. A

stud or pin /, fig. 820, is attached to the

triangle, and the guide-plates have raised

pieces ^, fig. 821, with hollows or notches i.

Stops, c, fig. 820, are also provided, one on

one end of the bearing-plate, the others

projecting from the side of the wheel in

certain positions, six of these projecting

stops being applied to it. There are thus twelve stops—one to each of the

six bearing-plates, and six to the wheel. The studs / and stops e are

DOUBLE OUl&» TOR MIUII RAILWAY
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to lay the bearing-plates correctly on the ground, in manner following : On the

wheel revolving, the 8tud/, fig. 820, of the bearing-plate enters the farthest notch

i, fig. 821, in the guide-plate, whilst the projecting stop of the wheel takes

into the stop «, fig. 820, in the bearing-plate. Similar stops may be applied

in the opposite position to assist in backing the wheel, and the bearing-plates

will be taken up or lifted correctly by the studs / coming into the back notch of

the guide-plates d c, fig. 821, the other end of tho bearing-plates coming into

contact with the stops. By these arrangements the parts of a portable railway

will at all times be laid down and taken up correctly, notwithstanding the

bearing-plates are detached, and independent of each other.

2096. The invention has been applied in numerous instances to ordinary carts

and waggons, and by the authorities at tho War Office, for the dragging

of heavy guns over yielding surfaces : for tins latter purpose it has been

very successful. It is also becoming largely applied to portable steam-engines,

enabling them to do much of the carting operations of the farm. It is but

justice to the inventor, whose untiring efforts are worthy of all praise, to state

that we have repeatedly seen a portable steam-engine to which tho " endless

railway " was attached, go over ground and obstacles with ease which would

have brought an engine with ordinary wheels to a complete stand-still.

2097. Direct-acting Engines.—The expense attendant upon the variety of mov-
ing-parts in the ordinary beam-engine, as the examples in Plates XXXIV. and
XXXV., in order to convert the rectilinear motion of the piston into the circular

one of the fly-wheel, renders it a difficult matter to produce it very cheaply ; the

class of engines, therefore, known as the " direct-acting," have come much into

use, especially where low powers are required. In direct-acting engines, the

aim is to transmit the power of the piston-rod as directly as possible to the

crank-shaft. This is done very generally by attaching a cross-head to the piston-

rod, as ee, fig. 1, Plate XXXVII., causing this to slide between guides d d ; the

connection between the cross-head and the crank g being effected by the con-

necting-rod /. All the forms of high-pressure engines we have given, with one

or two exceptions, are of this class of direct-acting engines.

2098. A very obvious disadvantage possessed by this form is the friction caused

by the working of the cross-head between the guides, and the exact parallel

movement being prevented by the cross-pull caused by the throw of the crank.

To prevent the friction as much as possible, care should be taken to have the

form of the working surfaces calculated to work together with as little friction as

practicable. Where it can be used, brass should form one of the working surfaces,

iron and brass working together with less friction than iron and iron ; tho working

surfaces should be flat, and parallel to one another. In one form of portable

agricultural engine we noticed a vory objectionable form of piston-guide. The
cross-head was in the form of what may be called the tenon of a u dovetail

joint
;
" the surface on which it moved being a long bar, the shape of which was

such as to pass into the angular dovetail opening of the cross-head, after the

manner of a mortise. Tho intention hero was obviously to save material and

workmanship, by having the cross-head and guide as compact as possible ; but

from the peculiar form and comparatively large extent of the rubbing surfaces,

a very considerable amount of friction was induced.

2099. The second disadvantage of the form of direct-acting engines now
under consideration—namely, the thrust and pull in the piston-rod by the throw

of the crank—is much lessoned by increasing the length of the connecting-rod.

This is generally effected by making the frame higher, as in fig. 1, Plate

XXXVII. Some engines have a connecting-rod as long as four times the stroke

;

a usual length is 2 feet of length for a 10 or 1 1 inch stroke.
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2100. Steam-Engines with Movable Cylinder and Piston.—The second class of

steam- engines are those which have movable cylinders and pistons, one

example of which, applicable to agriculture, is given in an oscillating engine.

2101. Oscillating Engines.—The second class of direct-acting engines is that

known as the " oscillating engine." In this form the cylinder is not fixed, but

vibrates or oscillates on centres, these centres, or "trunnions," as they are termed,

forming the supply and exhaust steam-pipes. As the piston-rod stuffing-box of

the cylinder moves in the arc of a circle, the reciprocating motion of the piston-

rod adapts itself to the various positions of the revolving crank ; thus a connect-

ing-rod is dispensed with, and the piston-rod attached to the crank-pin at once.

There is a largo variety of engines of this class introduced into practice ; in

soino the trunnions are placed in the centre of the length of the cylinder, in some

at the bottom, and in some the cylinder is inverted, the trunnions being at the

upper end. The slide-valve in this form of engine is generally worked by means

of a curved link attached to the eccentric rod, the link being guided vertically

;

the slot of the link is furnished with a small brass block, which slides back-

wards and forwards in it ; the pin of the valve-lever passes through a hole in

the block. The operation of the curved link is such as prevents the valve from

being affected by the oscillation of the cylinder. In some forms of oscillating

engines for agricultural purposes the valve-gearing is dispensed with ; and the

oscillations of the cylinder from side to side serve to admit the steam alter-

nately to top and bottom of cylinder. Of this form—almost incapable of dis-

arrangement— is ono manufactured by Messrs Hick of Bolton, a figure of

which we give in fig. 822. In this the slide-valve and eccentric movement are

dispensed with, and a three-way cock adapted

to the trunnion, this being opened and shut by

the movement of the cylinder.

2102. An able authority considers this form

as the best rotative eugine. The objections

raised against it, as to the wearing of the

cylinder and stuffing-boxes to an oval shape,

and the leaking and heating of the trunnions, have

little foundation in fact : the wearing is found to

exist—if it exist at all—in less degree than in

ordinary engines ; and so far from the trunnions

heating, it may safely be said that no form of

bearing is less liable to do so than this, inasmuch
as the temperature is kept equal to that of the

steam which flows through them. To prevent

leakage of the trunnions, an authority recom-

mends the packing to be squeezed in a cylindri-

cal mould before being introduced ; he also recommends the packing of hemp
;

to have, in addition, a brass ring introduced to embrace the pipe, cut spirally,

with an overlap piece to cover the cut, and packed behind with hemp.

2103. Details of Wurking-Parts of Steam-Engines.—Having described the

different classes of steam-engines in use for agricultural purposes, we shall add

a few illustrations of details, showing their construction and the method of

fitting up. In Section Fifth on Machine Construction in Book First, page 88,

wo have illustrated several of the details, which we shall at present simply

refer to. We may add that the details now to be given here, and those already

given in the Fifth Section, have special reference to the crank steam-engine

in Plato XXXIII.
2104. Details of Cylinder.—We shall take the details of the cylinder first

utrK's earn 1 a:
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We have already described the form and working of the valves in pars. 2029 to

2035 ; we shall now illustrate a form of metallic piston.

2105. Pistons.—Pistons were formerly packed so as to work steam-tight in

the cylinder, by having hemp rolled tightly round, and kept well lubricated.

Now, however, this plan is discarded as clumsy and inefficient, and as involving

a considerable loss of power through friction, and the form known as " metallic
"

is almost universally used.

2106. A very simple and efficient metallic piston is illustrated in figs. 1 to

10, Plate XXXIX. The piston is turned so as to leave a ledge a a, fig. 9, or a
flat space all round. This space is filled up by two rings, the plan of one of

which is shown at fig. 2, and the section at fig. 1. Small saw-cuts are made in

the inside of the ring b b, fig. 2, and part cut out, as at a. This cut is made
obliquely, not at right angles to the face of b b. Snugs are cast near c, the

narrowest part of the ring, through which a bolt and nut is passed
;
by means

of this the ends of b b are brought close together, compressing the saw-cuts, and
bringing their edges together. The two rings are placed one above the other

on a a, fig. 9, the narrow part of one being above the broad part of the other, and
screwed up by the bolt c, fig. 2. The outer edges of the rings are ground so as

to fit the interior of the cylinder very tightly. When placed inside the cylinder,

the nuts c c, fig. 2, are loosened, and the rings allowed to expand : as the cylinder

wears the rings expand, so aB to keep the piston steam-tight. The piston-cover,

fig. 5, is then passed over the piston-rod, and secured by the bolts a a, fig. 4,

passing through the bolt-holes b b, fig. 9. The end of the piston-rod b, fig. 4, is

fastened in the aperture c, fig. 9, by the key or cottar at c, fig. 4. The aperture

is made to taper. Fig. 6 is a section of the cover in fig. 5
;

fig. 7 is a plan

of the under side of cover
;

fig. 8 is a plan of under side of body, fig. 9
;

fig. 10

is a plan of top of body.

2107. Piston-Rod.—The piston-rod is kept tight in working up and down
through the aperture in the cylinder

cover, by the contrivance known as the
" stuffing-box " or gland. This is shown
in fig. 823, in the cylinder-cover a a

;

b b is the aperture through which the

piston-rod c c works. This widens into

a space d d ; into this space a " gland "

e e fits ; the upper side of this gland is

hollowed out, so as to form a kind of cup

round the piston-rod, in which oil can

bo placed to lubricate it. The gland

e e is of length sufficient to allow of a

space d d being left, into which
"hemp" or "patent" packing is put,

closely enveloping the piston-rod. A
brass bush, in which the piston-rod plays easily, is driven tightly in at / /.

When the piston-rod begins to work loosely in the packing, and steam is allowed

to pass through the stuffing-box to the atmosphere, the packing may bo made
tight by screwing down the gland by means of the bolts and nuts which secure

it to the cover. When the packing becomes wider, it can be easily renewed by
taking out the gland (by unfastening the nuts), and withdrawing the old packing

from d d, and substituting new. The figure also shows the packing of the

valve-rod g.

2108. Throttle Valve.—We now come to the methods in use by which the

m, m.

»TA1L» 0» (HUMPER covin
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supply of steam to the cylinder is regulated. This is usually effected by a

contrivance known as the " throttle valve." This is a flat disc, with its edge

bevelled off, the central spindle working through the pipe in which the valvo

is placed. When the valve—by means of the lever fixed in the outer end

of the spindle—is brought into the position in fig. 19, Plate XXXIX., the

edges are brought in contact with the periphery of the pipe, and the passage

is closed : by moving the valve out of this position a,

the passage for the steam is made on either side of

;

; the valve. Fig. 18 is a cross section. By referring
-~- to fig. 824, the double contraction formed by the

steam passing the valve is seen. In consequence of

.onUc in.^w.,.,^ c«.™ this obstruction of the steam passing to the cylinder,
»tw wMtiu.rj.w. gome engineers discard the use of this form of throttle-

valve, and adopt the disc valve, an improved form of which is given in fig.

825. A circular disc or plate a is made to rotate by means of the stem b b, in

close contact with another plate c c.

Fig. 823.

n»o 7Hno[iu.T»iv»

In both these plates circular apertures

are made, corresponding in size and

position : when the valve a is moved,

so that the apertures coincide with the

apertures c c, full admission to the

steam is given to pass through them

;

any movement of the valve a, however,

from this position, closes in greater or

less degree—in proportion to the amount
of movemeut—the apertures in c c.

Thus a very small movement of the

valve a will give a considerable amount
of opening for the admission of steam.

In the form shown in fig. 825, d is the

steam-pipe from boiler, where the aper-

tures coincide as in the figure ; the steam passes from the steam side of the

valve e e to the supply side //, and from thence to the cylinder by the pipe g.

In this arrangement the valve is kept in an easy-moving position as regards

the valve-seat by the set screw A, in conjunction with the collar t, on the

stem b b.

2109. Steam-Engine Governor.—We shall now describe the methods by
which the admission of steam is regulated, and a uniformity of action secured.

This is generally effected by means of the governor, by which advantage is

taken of the centrifugal force, generated by the revolution of balls, to act upon
the throttle-valve by a series of levers, the arrangement of which differs in

many instances, but which is too well known to require description here. The
defects of this form of " speed regulator " are principally these : first, the time

consumed before the governor can act on the throttle-valve, by the levers taking

a certain interval to attain their corresponding conditions
;
secondly, and prin-

cipally, it is apt to attain the two extremes too rapidly—that is, it flies from

the position of valve olosed to valve opened without any nice degree of grada-

tion. Thus, if an engine "runs" away, as it is termed, the balls fly so rapidly

out that the valve is completely shut, and the engine brought up in such a

manner as to induce a r< actional movement, this oscillation frequently being

continuous for some time. As in some processes, such as corn-grinding and
thrashing, it is desirable to have a uniformity of action, many plans have been
introduced by which to attain this desideratum.
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2110. In Plate XXXIX., figs. 20 to 36 inclusive, we give details showing the

construction of the governor in the crank engine in Plate XXXIII. ; the whole
drawn to a scale of 1^ inch to the foot. Fig. 20 is a side view with section of

ball, and fig. 21 an edge view of one of the levers b' b' and balls c c' in Plate

XXXIII. Fig. 22 is a sectional elevation of central spindle d' ct in Plate

XXXIII. The snug a a, with double ends, is fixed on this. Fig. 23 shows a

plan, and fig. 24 an end view of this snug or lug. The end a of the side-rods, figs.

20 and 21, passes between the ends a a of the snug, figs. 23 and 24; and are kept

together by a pin passed through the holes made in each part. The spindle,

fig. 22, is made hollow at one part of its length, to allow the rod b b to

play up and down. This rod is connected with the lower snug c c, by a

cottar or key passing through a slit a a, fig. 25, made on opposite sides of the

central spindle, fig. 22 ; this cottar, as seen at 6, fig. 25, passes through the

snug e c—so that when the rod b 6, fig. 22, moves up and down, it carries with

it the snug c <?, the slit in the central spindle allowing of the easy movement of

the cottar b, fig. 25. In like manner the wharve or small pulley d d, fig. 22,

corresponding to g* in Plate XXXIII., is connected with the rod b 6, fig. 22.

Fig. 30 is a plan of upper side of wharve or pulley, fig. 31a section, and fig. 32 a

side and edge view of the cottar. Fig. 26 is a plan of snug c e, fig. 22
;

fig. 27

an end view. Fig. 28 is a side and edge view of cottar. Fig. 29 is a side view
of the lever w in Plate XXXIII.

;
fig. 33 a plan of the end of the lever which

embraces the wharve d rf, fig. 22. Fig. 34 a is a side and b an edge view of the

stud A' in Plate XXXIII., on which the lever w vibrates ; the part a, fig. 29,

passes into the fork a, fig. 34, and is secured by the pin a, fig. 36, passing through

the apertures shown in the figure ; the washer 6, fig. 36, is then put on the part

e, and pin d driven through the washer and the end c of the pin a. Fig. 35
gives a side and edge view of the levers e Plate XXXIII. ; the fork a em-
braces the part b, b of the side lever, figs. 20 and 21 ; the part 6, fig..35, passing

between the ends a a of the snug, figs. 26 and 27. In figs. 157 and 158, Section

Fifth, Book First, paragraph 383, we give a section and elevation and the

description of the bearing in which the upper part of the central spindle d' d\
Plate XXXIII., revolves. In fig. 159 different views of the brasses or bushes

for this bearing are given. In fig. 164, paragraph 387, are given views of the

step in which the lower part of the central spindle d/

d!, Plate XXXITI., revolves

;

this step is supported by the bracket u, bolted to the wall a, Plate XXXIII.
2111. The various parts of the pedestal or plummer-block, in which the shaft

of the engine in Plate XXXIII. revolves, are shown in figs. 160, 161, 162, 163,

and 164, in pars. 385, 386, and 387.

2112. In fig. 178, par. 407, we give various views of the crank it, Plate

XXXIII., and of the butt of the lower end of the connecting-rod g, fig. 2, Plate

XXXIII. In fig. 181, par. 409, are views of the eccentric y, fig. 2, Plate XXXIII.,
as also in fig. 183, par. 412. Of the piston cross-head is fig. 198, and par. 425.

2113. Reversing-gear.—In many engines now in use, what is called " revers-

ing-gear" is adopted.. By this the engine can be immediately altered from the

forward to the backward direction. This movement is especially useful in

engines driving corn-mills, thrashing-machines, hoisting gear, &c, as the direc-

tion in which the fly-wheel and driving-pulley are going can be instantly

changed. This is effected by what is known as the " link motion."

2114. This movement is explained in fig. 826. The crank shaft is at a ; two
eccentrics b and c are fastened on the shaft ; one to give the forward motion, the

other the backward, to the slide-valve. The eyes of the rods d e of these are
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attached by movable joints to the ends of a curved link / /, the radius of

which is equal to that of a circle described by the eccentric rods revolving

round their centres. Let g be

the slide-valve rod, connected at

one end to a brass bush i,

sliding between the sides of

the grooved link //. The link

is capable of being raised or

depressed by the lever A A,

actuated by appropriately ar-

ranged levers attached to a

pin, this pin being placed in the

centre of the link,—this being

the point of least vibration. In

the position as in the figure,

the valve-rod g is evidently under the influence of the eccentric c cL Sup-

pose this is the "forward" one, — to give the engine the "backward"

movement, all that is necessary to be done is to lift the link upwards by the

lever A A, so as to place the bush t opposite the end of the eccentric rod b t.

The end of the link with the eccentric rod c d will then be as much above the

buah i of the valve-rod as the eccentric b e is below it in the figure. When
the link is in such a position as to place the bush i of the valve-rod exactly in

the middle of the link, the valve will then have no motion at all. The action

of eaoh eccentric rod being equal and counteracting, the link will vibrate in the

centre bush ; the ends describing curves, the centre of which is the bush of the

valve-rod t. In fig. 1, Plate IX., the reversing gear is shown at q r r, 1 *,

t ty and w ; r r, s $ the forward and backward eccentric rods
; q q the lever cor-

responding to the rod A A, fig. 826 ; tliis is worked by the handle t /, vibrating

on the stud u. As the outer extremity of the handle t is raised or depressed,

the curved link is raised or lowered by the lever q q, and the forward eccentric

or backward sot in operation accordingly.

2115. Force-Pump.— In figs. 11 to 17, Plate XXXIX., we give the "force-

pump" of the engine in Plate XXXIII., to supply water to the boiler : a, fig. 11,

the pump-plunger; this is carefully turned, and works tight through the stuffing-

box b b, as the plunger is not usually made to work tight in the body of the

pump. The formation of the vacuum depends chiefly on the tightness of

the stuffing-box
;
this, therefore, should be always kept in good repair, and

the cover screwed tightly down to keep the glands close up with the packing;

c is the suction and d the delivery valve, access being gained to them by

the caps or covers e and /. These covers should be put down with packing, to

be as tight aB possible. The delivery-pipe leading to the boiler is attached to the

flange, shown by the dotted circles at d, and at c, fig. 12, which is a plan of the

pump. As much of the efficiency of the pump depends on the condition of the

valves, they should be examined from time to time through the covers e and /.

The valve is shown in section in fig. 13, the under face at fig. 16, tho valve-

seat in fig. 14, and plan of the upper part of the valve in fig. 15. a, fig. 13, is the

conical part, which fits into a corresponding conical surface a a, fig. 14, in tho

valve-seat. The closer the connection between the conical surfaces of the valve

and seat, the tighter will the valve be. If they are found after wear not to be

tight, they may be made so by rubbing them together by turning the valve

round repeatedly in its seat, with oil and emery between them.

2116. In fig. 17, Plate XXXIX., we give the method of connecting^ecoentric
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Fig. Ml.

rod with pump-plunger. The plunger a a g, h h g, fig. 11, is provided with

a circular eye g ; the lower end of the eccentric rod is mado as at b and c,

fig. 17; the edge of the plunger- eye g, fig. 11, being passed between the

sides b of the eccentric-rod end, fig. 17. A pin is then passed through the

eyos of the rod and the plunger, and kept in its place by a key passing tlirough

a slot made in the end of the pin.

2117. Piston Lubricator.—In the ordinary forms of agricultural engines, the

journals and bearing surfaces are kept well enough supplied

with oil by means of the oil-holes generally provided ; all

that is necessary being a look-out so as to keep them well

supplied, and prevent over-heating— a fruitful source of

loss of power. To lubricate pistons and other parts under

steam pressure, on the ordinary plan, the engine has to

be stopped. To keep up the supply without stopping the

engine, is a desideratum effected by the ingenious inven-

tion of Morton's Lubricator, a section of which we give in

fig. 827.

2118. " It consists of an oil-cup a at the top, with a neck

below, through which is a vertical passage for oil to a glo-

bular vessel c beneath it ; a stop-cock b being placed in the

neck, by which the vertical passage may be opened or

closed. The lower portion of the globular vessel is con-

nected with a stand which is furnished with a shouldered

screw at its lower end, by which it may be attached to the

part requiring to be lubricated. This stand is also fur-

nished with a stop-cock /, and has two vertical passages d and e within it

;

one, rf, passing from the bottom of the globular vessel c to the point where
lubrication is required, the other, e, being continued upwards by a tube through

the globular vessel nearly to its upper end, so as to be above the surface ot the

lubricating liquid. In the stand is a second stop-cock /, with two passages

through it corresponding with the two passages d and e, by which means they

arc both opened or closed by the turning of the stop-cock.

2119. " When a fresh supply of oil is required at the point of lubrication, the

stop-cock 6 must be closed, and / opened, by which means the steam or other

pressure passing through the passage e is made to act on the upper surface of

the oil, with the same force as that with which it acts on its lower surface

through the passage d. The pressure on both sides of the lubricating fluid

being thus equalised, it is at liberty to flow downwards by its own specific

gravity, thus obviating the inconvenience attending the ordinary oil-cup of

requiring the machinery to be stopped for the purpose of lubrication. When
the machinery is not at work, and lubrication therefore not required, the stop-

cock/ must be closed and b must be opened. It is particularly applicable to

the pistons of high-pressure engines."

2120. Expansive Working.—We shall now consider the subject of working

steam-engines expansively. By this is meant an adjustment of the •valves, by
which the steam is prevented entering the cylinder during a portion of the travel

of the piston ; the remainder of the stroke being completed by the steam expand-

ing and filling the remaining portion of the cylinder. If the steam were admitted

during the whole of the stroke, the motion of the piston would become so greatly

accelerated, that at its termination the shock resulting would tend materially to

damage the machine. To prevent this in the earlier forms of engines, it is

conjectured that means were taken, such as shutting the injection-cock or the
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steam-valves, before the completion of the stroke—and hence, as supposed by

good authority, arose the knowledge of the value of the method of working

expansively. The following is Mr Bourne's clear statement of the advantages

of this method of working engines :
11 It accomplishes an important saving of

steam, or, what is the same thing, of fuel ; but it diminishes the power of the

engine while increasing the power of the steam. A larger engine will be

required to do the same work, but the work will be done with a smaller con-

sumption of fueL If; for example, the steam be shut off when only half the

stroke is completed, there will only half the quantity of steam be used. But

there will be more than half the power exerted ; for although the pressure of

steam decreases after the supply entering from the boiler is shut off; yet it

imparts during its expansion some power ; and that power, it is clear, is obtained

without any expenditure of steam or fuel whatever." * If the steam is cut off

at half stroke, the performance of the engine is multiplied 1.7 times ; if at

one-third stroke, 2.1 times; at one-fourth, 2.4 times;

at one-fifth, 2.6 times; at one-sixth, 2.8 ;
one-seventh, 3

;

one - eighth, 3.2 times. The degree of expansion

depends also in some measure upon the tightness

of the packing ; hence the necessity of keeping the

piston-rod packing and the piston itself in good

repair.

2121. Expansion Gearing.— There are numerous

forms of "expansion gearing" in use, but we do

not consider it necessary to describe any of these,

save the very simplest. One of these methods we

illustrate in fig. 828. Let a be the port lead-

ing to the atmosphere or "exhaust port;" h the

"upper-port" steam-passage; c the "lower-port"

steam-passage ; d the valve in the steam-chest e e,

to which the steam is supplied through the port /. This port is capable of

being opened or closed by means of a supplementary slide-valve g, working

in a valve-case supplied with steam from the boiler. It is evident that any

quantity of steam can be admitted to the main valve-casing e e, and con-

sequently to the cylinder,

by adjusting the time

when the valve g shall cut

tween the valve-casing e e

and g. This " cut off," as

it is technically termed,

is effected by altering the

amount of play of the

valve g, by varying the

throw of the eccentric by

which it is moved.
2122. One method by

which the throw of the ec-

centric is altered is shown

in fig. 829. Let a a be the crank-shaft, on which a plate or large boss b b is

cast; in the face of this two holes are bored and "tapped;" two bolts c c

• Bourse's Cateehum of the Steam-Engine, p. Ill, 4th edition.
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Fig. 830.

are worked in these, having square heads. In the eccentric d d, an aper-

ture or slot e is made, having its circular ends of same diameter as crank -

&haft a ; this slot admits of the eccentric being moved up and down on the

shaft a, so as to change the relative distance of their respective centres, and

consequently the throw of the eccentric. To fix the eccentric at any desired

point, the bolts c c are screwed hard up, so as to press against the face of

the eccentric. The bolts slide in slots//, to admit of the movement of the

eccentric.

2123. Lap of Steam-Valve.—The method adopted most generally, especially

in small engines for working expansively, is by giving what is technically termed
" lap " to the ordinary slide-valve. This is effected by giving an extra length

to the face of the valve, so as to cover the port sooner than would be the case

if no lap existed. This lengthening of the valve face is made towards what is

technically termed M the steam side " of the valve—that is, the outside of the

valve towards the interior of the valve-casing : the side b of the valve towards

the eduction port, fig. 830, is termed the " eduction side ; " towards this there

is generally little extension of the valve face or lap.

2124. The effect of this extension of valve face will be easily understood by

an inspection of fig. 830. Suppose the ordinary valve without

lap is that part a b c, shaded by cross lines ; if the valve face

is lengthened by parts shown by the white spaces at d and <?,

it is evident that the valve-port will be shut much sooner.

Thus, suppose the valve to be commencing its upper stroke, the

port / is shown completely open when the valve has no lap

;

but by the addition of lap, as at the part d, it is clear that the

port will be so much the sooner closed as the part d is lengthened.

The extent to which expansion by means of "lap" in the valve

can be economically carried out, is about one-third of the stroke

—that is, the port must be closed when the piston has performed

two-thirds of its stroke.

2125. Lead of the Valve.— As, from the peculiar motion of the

eccentric, the valve opens but slowly during the first part of its

travel, the steam passing to the eduction-port has some difficulty

in escaping, and in proportion to this arises a certain impediment

to the working of the engine from the piston having to be forced

down, as it were, against the pressure of the steam which has a difficulty

in passing from the cylinder. To obviate this, and to relieve the cylinder of

the steam as instantaneously as possible after the completion of the stroke, what
is termed " lead " is given to the valve. By this is meant the amount of open-

ing of the valve when the piston has reached the termination of its stroke.

Thus, when the piston begins its new stroke, the steam is escaping freely to

the eduction port through the valve, and the resistance to the stroke of the

piston is obviated or decreased. This lead of the valve is obtained by fixing

the eccentric on the shaft, more or less out of the usual line of centres, accord-

ing as required.

2126. Estimation of Power of Engines.—In estimating the working capabilities

of a steam-engine various terms are in use. The " nominal power " " the actual

or effective power," and the " duty " of an engine, are terms conveying different

meanings, but which are frequently confounded. The nominal, or, as it is

termed, the M horse-power " of an engine, conveys an exceedingly vague and

unsatisfactory notion of the working capabilities of a steam-engine. It should

be confined merely to imply the size of the engine. The rule given by Mr

L*r ASD L«AJJ OF
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Bourne for estimating the nominal or horse-power of an engine is as follows

:

" Multiply the square of the diameter of the cylinder in inches by the cube
root of the stroke in feet, and divide the product by 47—the quotient is the
number of nominal horses' power of the engine."

—

(Catechism of the Steam-
Engine, p. 46.) To save the trouble of making this calculation, we give the
dimensions of cylinders of steam-engines (high pressure) from one to six nominal
horses' power, under different pressures of steam per square inch. For this we
are indebted to the very useful work, Templeton's Workshop Companion, con-
taining a largo number of rules useful in everyday practice (Weale, London, 5s.)

2127. Under a pressure of 25 lb. to the square inch, the diameter of cylinder

of a one horse-power is 3J inches ; of two, 5^ ; of three, 6^ ; of four, 7^ ; of
five, 8^ ; and of six horse-power, 9 inches diameter. Under a pressure of 30
lb. to die square inch, a one-horse engine has a diameter of cylinder equal to

3£ inches ; a two, 4f ; a three, 6 ; a four, 6| ; a five, 7^ ; and a six, 8£ inches.

Under a pressure of 40 lb. to the square inch, one horse-power is 3 inches ; a
two, 4^ ; a three, 5 ; a four, 6 ; a five, 6£ ; and a six, 7^ inches. The working
pressure for high-pressure engines should not exceed 45 lb. to the square inch.

2128. By the " effective" power of a steam-engine is meant the number of

times 33,000 lb. the engine is capable of lifting one foot high per minute, this

being decided upon by engineers generally as the unit of dynamical effect. To
estimate the effective power of a steam-engine, the first essential requisite is a
knowledge of the mean pressure in the cylinder during the stroke ; this is

gained by means of an instrument termed the " indicator."

2129. Indicator.—The construction of this is shown in fig. 831. It consists of a

cylinder of brass a b, in which a small piston c works, nearly
Fig. 8si.

tight ; a spring d is connected with the piston c and spindle e e
;

!|L a brackot/ supports a cylinder g, which is capable of being

|j ((
turned vertically on its axis by a cord passing round a pulley

I made on the periphery of its lower part. The cylinder is

1 made to rotate on its axis by the cord passing to the cross-head

of the piston : in a direct-acting engine — or the parallel

motion of a beam-engine—on the return stroke of the engine

the cord is relaxed, and a spring placed within the cylinder g
brings it back to its original position. Thus the stroke of the

engine causes the cylinder g to rotate part of its revolution in

one direction, the spring acting to bring it back or make it

rotate in the opposite direction. By this arrangement the

alternate motion of the cylinder g is made to correspond to the

reciprocations of the piston. A piece of paper is wrapped once

round the cylinder g ; a pencil is attached to a spring arm,

connected with the spindle e ; the paper wrapped round the

cylinder g is kept in its place by upright spring-clamps ; the

point of the pencil is kept in contact with the surface of the

paper by the spring arm. A scale is attached to the indicator

vertically ; the zero point ofthis is the point of the atmospheric

line. The marks 1, 2, 3, above the zero point, show that

when the diagram cuts the lines drawn parallel to the atmos-

pheric line on a level with these points, the pressure is 16,

17 lb., &c. ; when it cuts lines on a level with the marks 1, 2, 3, &c, below

the zero point, the pressure is 14, 13 lb., &c The zero point is the line of

atmospheric pressure on 15 lb. The indicator, thus arranged, is screwed into

an aperture in the cylinder cover ; the steam, thus communicating with the

J
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interior of the indicator, gives the same pressure on the piston c as on the

piston of the cylinder. The cord passing round the pulley of cylinder g is

attached to the piston cross-head. The result of the up-and-down motions of

the pencil in contact with the paper, caused by the reciprocatory motion of the

piston c, corresponding to the movement of the steam-engine piston, together

with the circular motion of the cylinder gy
caused by the tightening and relaxa-

tion of the cord attached to the piston cross-head, is the describing of a curved

line on the paper more or less approaching to the form of a parallelogram.

Previous to opening the cock A, a line, called the atmospheric or zero line, is

described on the paper. This line is at the level of the pencil when it is unin-

fluenced by the steam-pressure. The line is drawn by causing the barrel to

revolve. The cord, passing from the pulley to the cylinder to the moving
part by which it is actuated, passes over pulleys, so as to reduce the motion,

and thus renders the motion of the piston and that of the indicator proportional

to one another.

2130. The diagram described shows the steam-pressure in the cylinder

during the whole stroke. To ascertain the " mean pressure," the diagram

obtained is divided into an equal number of parts in the direction of its length,

lines being drawn through these at right angles to the atmospheric or zero

line. Parallel to the zero line, and through the points corresponding to the

points on the scale of the indicator, draw other lines. Next measure the dis-

tances from the points where the diagram line intersects the vertical lines to

the atmospheric line ; add all these distances together— their measurement
being taken from a scale corresponding to that in the indicator—and divide them
by the number of columns or spaces into which the diagram is divided, and
the quotient is the mean efFective pressure in the cylinder during a whole stroke.

2131. Rule to find the Effective Power.—The mean effective pressure in the

cylinder being thus found or assumed, find now the diameter of cylinder in

inches
;
square this, and multiply it by .7854 ; the result is the number of square

inches in the piston. Multiply the number thus found by the mean pressure

per square inch ; next multiply this by the velocity of the piston in feet per

minute ; and finally, divide by 33,000 ; the quotient will be the effective horse-

power of the engine. Before dividing by 33,000, deduct from the product 2£ lb.

per square inch for friction. The velocity of the piston per minute is found

by multiplying the number of revolutions per minute by the length of the

stroke.

2132. Advantages of the use of the Indicator.—The only satisfactory way of

obtaining a knowledge of the working capabilities of a steam-engine, is by
taking correct diagrams by means of tho indicator. To those of our readers

desirous of becoming acquainted with the best methods of obtaining correct

diagrams, we would recommend The Indicator and Dynamometer, by Messrs

Main and Brown : London, G. Hebert (8s. 6d.) ; or the work on the same
subject by Mr Hopkinson of Leeds (7s. 6d.), published by Weale. The authors

of these works give the following clear statement of the two important ends

obtained by the use of the indicator: "1st, It enables us to discover whether
there are any defects in those parts of the machinery by which the steam

is admitted to the piston: for instance, it indicates whether the slides are

properly set or leaky ; whether the steam-ports are large enough
;
and, con-

sequently, whether a different arrangement of the working parts of the

machinery would be advisable. In fact, in the hands of a skilful engineer, the

indicator is as the stethoscope of the physician, revealing the secret workings

of the inner system, and detecting minute derangements in the parts obscurely
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situated. 2d, It discovers at any instant of time, and under any given circum-

stances, where it may be desirable to apply it, what is the actual power of the

engine." Such is the value placed on the indications of thiB instrument in the

manufacturing districts, that manufacturers have engineers who call on them at

stated intervals, to " indicate " the power of their engines, and thus ascertain

whether they are performing their work well and cheaply.

2133. By the term duty is meant the quantity of work done by the consump-

tion of a certain quantity of fuel, without reference to time. In a preceding par.,

1962, the reader will find some notes on this point.

2134. The "mean effective pressure" of a steam-engine may, for ordinary

purposes, be ascertained with sufficient accuracy without the use of the

*4 indicator," by taking from the pressure in the boiler one-fourth of its amount

from loss sustained by cooling and expansion, and also 2 lbs. for other deduc-

tions : thus, the mean effective pressure where the boiler pressure is 60 lbs. is

43 lbs., for 60—{ (15) = 45—2 lbs. =43.

2135. When the diameter of a cylinder with steam, worked at a pressure of

50 lbs. is given, an approximative estimate of its power may be obtained by

dividing the diameter by 3, and squaring the product : thus, the power of an

engine with a cylinder 6 inches diameter is four horse,—£ = 2 x2 = 4.

2136. Steam-Fower for Agricultural Purposes.—To a very valuable paper by

Mr William Waller, read before the Institution of Mechanical Engineers, at

Birmingham, July 30, 1856, on the application of steam-power to agricultural

purposes, we are indebted for the following description of the method employed

to test and calculate the power of agricultural engines by the judges of the

Royal Agricultural Society of England :

—

2137. " The various engines are entered, declared at a certain power, at which

only they are to bo tested. Thus, suppose an engine having a 5-feet pulley,

entered as an 8-horse engine running at 120 revolutions per minute. Eight stone

of coal, of 14 lb. to the stone, with a certain quantity of wood to light the fire,

are given to the engineman, who has previously had the engine at work, and

run the steam down to 20 lb. or 25 lb. per square inch pressure, as the case may

be, and emptied and swept out the fire-box. The fire is then relighted, and the

steam is got up to 48 lb. per square inch, at which pressure the engine must start.

The dynamometer (shown in fig. 220, par. 521, Book .First, page 142), is sup-

posed to have a 3 feet 6 inches belt pulley, and a 4 feet 6 inches wheel, with a

friction break on it ; then the centre of the pin or pointer to which the scale is

attached, being 2 foot 7^ inches from the centre, equivalent to a circumference

of 16.5 feet, it will require a weight of 93.33 lb. suspended from the pin to

give the desired 8-horse power, according to the following expression :

—

93.33 lb. x 16.5 ft. circumf. x5 ft. pulley on engine x 120 revolutions permin.

3.5 ft. pulley on dynamometer

equal to 264,000 lb. raised 1 foot per minute.

And
26 '°° — 8 hp — the horse-power of the work done.
33,oou

The engine being started with a bolt connecting the fly-wheel to the belt-pulley,

a man is placed at the adjusting-screw of the dynamometer to slacken or tighten

the friction-blocks, so as to keep the weight exactly in balance with the friction,

and the pointer in a lino with the centre of the shaft, during the whole time of

working the engine. The number of revolutions of the break-wheel is registered

on a counter by means of an eccentric on the shaft of the dynamometer. It is
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the business of the enginenian to get the greatest possible number of revolutions

out of the engine ; then the total number of revolutions of the break-wheel

5 x 120
divided by ——— gives the number of minutes of duty the engine has done; that

3.5

is, the number of minutes of time the engine would have taken, if it had made

5x1 20
exactly 120 revolutions per minute during the entire time of running,

3.

5

being the number of revolutions per minute of the back-wheel, corresponding to

120 revolutions per minute of the engine. The minutes of duty converted into

hours and decimals, and divided into the 14 lb. of coal supplied per horse-power,

give the duty performed in the quantity of coal consumed per horse-power per

hour. Thus, at the Carlisle Exhibition, Messrs Tuxford's engine did duty 3

hours '47^ minutes, or 3.8 hours
;
this, with 14 lb. of coal per horse-power, gives

3.7 lb. of coal per horse-power per hour.

2138. "The following Table gives the weight in pounds, to be placed in the

scale of the dynamometer (shown in fig. 220, par. 521), for each horse-power from

4 to 10 horse-power, at intervals of 10 revolutions from 110 to 150 revolutions

per minute of the engine. The table is calculated by the following formula :

—

HP* 33,000 xd _ w
c*Dxn

where w = the weight in lb. to be placed in the scale of the dynamometer, HP
= the horse-power of the engine, d = the diameter in feet of the pulley on the

dynamometer, c = the circumference in feet corresponding to the distance of the

pointer carrying the weight from the centre of the break-wheel, D = the diameter

in feet of the driving pulley of the engine, and n = the number of revolutions of

the engine per minute :

—

TABLE OP WEIGHTS FOR DYNAMOMETER.

Revolutions of
engine per

4
Horse
Power.

6
Horse
Power.

0
Horse
Power.

7
Horse
Power.

8
Horse
Power.

6
Horse
Power.

10
Horso
Power.

lb. lb. lb. lb. lb. lb. lb.

110 50'90 63.64 76.36 89.09 101.80 114.55 127.28
120 46.66 68.33 70.00 81.67 90.33 105.00 116.66

130 43.08 53.85 64.61 75.39 86.16 96.92 107.70

140 40.00 50.00 60.00 70.00 80.00 90.00 100.00

150 87.33 46.67 56.00 65.36 74.66 84.00 98.34"

2139. Fixed and Portable Engines for Farm Purposes.—In the department of

agricultural mechanism there is no point more open to discussion than the

comparative advantages of fixed and portable engines for farm purposes. It

is impossible, within the limits of our pages, to enter fully into the discussion,

and to give even an epitome of the arguments pro and con which have been
brought forward by the advocates of either view of the question. As convey-

ing nearly all that can be said on this point, we here append the opinions

of two authorities well calculated to form a correct estimate. The first we give

is that of the late eminent agriculturist, Mr Philip Pusey, published in his

Report to the Jury of the Agricultural Department of the Great Exhibition

of 1851 :—
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2140. " If a farm bo a large one, and especially if, as is often the case, it bo
of an irregular shape, there is greater waste of labour for horses and men in

bringing all the corn in the straw to one point, and in again carrying out the

dung to a distance of perhaps two or tliree miles. It is therefore common, and
should be general, to have a second outlying yard. This accommodation can-

not be reconciled with a fixed engine.

2141. " If the farm be of a moderate size, it will hardly, and if small will

certainly, not bear the expense of a fixed engine ; there would be waste of

capital in multiplying fixed engines for a few days in a year. It is more com-
mon, therefore, in some counties, for a man to invest a small capital in a
movable engine, and earn his livelihood by letting it out to the farmer.

2142. u But there is a further advantage in these movable engines, little, I

believe, if at all, known. Hitherto corn has been thrashed under cover in

barns ; but with these engines, and the improved thrashing-machines, we can
thrash the rick in the open air as it stands. It will be said, How can you
thrash out of doors on a wet day ? The answer is simple. Neither can you
move your ricks into your barn in a wet day ; and so rapid is the work of the

new thrashing-machines, that it takes no more time to thrash the corn than to

move it Open-air thrashing is also far pleasanter and healthier for the

labourers, their lungs not being choked with dust, as under cover they are

;

and there is of course a saving of labour to the tenant not inconsiderable. But
when these movable steam-engines have spread generally, there will arise an
equally important saving to the landlord in buildings. Instead of three or

more barns clustering round the homestead, one or other in constant want of

repair, a single building will suffice for dressing corn and for chaff-cutting.

The very barn-floors saved will be no insignificant item. Now that buildings

are required for new purposes, we must, if we can, retrench where objects are

obsolete. Open-air thrashing may appear visionary, but it is quite common
with the new machinery ; nor would any one perform the tedious manoeuvre of

setting horses and men to pull down a rick, place it in carts, and build it up
again in the barn, who had once tried the simple plan of pitching the sheaves

at once into the thrashing-machine."

2143. We give an opinion on the opposite side—that of Mr Andrews, the

agricultural engineer, and author of Weale's shilling volumes on Agricultural

Engineering, in volume second of which the opinion we quote is given. While

admitting the convenience of thrashing in the field, and the comparative perfec-

tion to wluch the operation of thrashing has arrived by the aid of the improved

portable engines and portable thrashing-machines :

2144. " Nevertheless," he continues, " I do not myself think the system is so

good as having the engine fixed, and the whole plant to form part of a regular

plan. It is found in all manufacturing operations, that the more concentrated

the machinery, and the more all the operations are got together, and under one

general management, the better it is ; and I cannot see why the manufacturing

manner in which farm operations are now, and must every day still more

become, should be an exception to the rule ; but of this it is certain, that fixed

machinery, permanently fitted up, will always do the work a great deal better

and more economically than portable machines of any kind ; that a fixed steam-

engine and boiler of judicious design, will consume a much smaller amount of

fuel, and last much longer, with scarcely any repair, than a portable engine,

the repairs of which will be found enormous, as compared with a fixed engine,

when extending over a number of years.

2145. "Iam inclined to think that the preference is given to portable engines,
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chiefly because, from the want of properly-contrived homesteads, the work
requiring to be done is distributed about, instead of being concentrated and
brought under one roof; and often there are two or more small sets of buildings

on the farm, instead of one general homestead."

2146. Section Fourth.—Wind Power.

2147. Windmills as an Auxiliary Motive Power.—Wind power for motive pur-

poses, much used at one period, especially in districts where water-sources were

not available, is being gradually superseded by steam power. Although main-

tained in operation at comparatively small expense, the power of wind is so vari-

able in its action—so strong at times when not required, and so liable to fail

altogether when most needed—that, in view of the advantages of steam, as a

power easily managed, and perfectly to be depended on, we cannot recommend
the farmer to erect a windmill. The only practically useful purpose to which a

windmill can be applied is as an

auxiliary power, in the manner
carried out in numerous cases in

the farming districts of the United

States. In this way its utility

is chiefly observable in pumping
water from a low to a high eleva-

tion, as, for example, to a cistern

placed at a level considerably

above that of the farm buildings.

A supply of water at pressure

may thus be kept up, which can be

distributed over the farm-build-

ings as required, or employed to

drive a small turbine (par. 1938),

the power of which may be made
available for working straw-cut-

ters, turnip-pulpere, &c. In fig.

832 we give a suggestive sketch

of an auxiliary power of this kind,

adapted to work a centrifugal

pump, a a is the framing sup-

porting a circular top b and cap c.

The cap c carries two pedestals

</, which afford bearings for the

shaft of the wind-wheel e e. The
shaft of the wheel e e carries a

pulley^, which, bymeans ofa belt,

drives the pulley h of the centrifugal pump i (par. 1895). A useful diameter of

wind-wheel, e e, will be 4 feet or 4 feet 6 inches. As the outward extremities of

the sails move through a greater space and at a higher velocity than the minor

extremities, the surfaces at these points should be flatter than at the other points.

In the arrangement here shown as adapted to work a centrifugal pump, the

wind-wheel e e remains always in the same position ; for it is obvious that if the

cap c revolved, being actuated by the vane /, which keeps the wind-wheel e e

always up to the wind from whatever quarter it blows, the pulley g, on the

shaft of the wind-wheel e e, would bo hoisted round so as to be out of the plane

of the pulley h on the shaft of the centrifugal pump i. To insure the arrange-

2 R
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ment in working order, it is essential that the two pulleys g and h shall always

be coincident. This can only be secured by the wind-wheel t e remaining

always in the same position. To take advantage

of the power of the wind from whatever quarter

it blows, an ordinary pump must be employed.

In this case the shaft of the wind-wheel e e is ex-

tended, and provided with a vane/ which keeps the

wind-wheel always up to the wind. To insure this

the cap c c is free to revolve on the top b, fig. 832, as

shown in section in fig. 833. In place of the pul-

ley g, fig. 832, a crank a, fig. 833, is employed, the

connecting-rod b of which is continued downwards

to the pump-plunger. The pump is placed immediately beneath the centre of

crank. To enable the crank to take any position in accordance with the move-

ment of the cap c c, and to prevent it hoisting or turning the rod

which works the pump-plunger, the* lower part of the connect-

ing-rod d connecting the crank with pump-rod, should be pro-

vided with a " stirrup" or turn-joint a a, fig. 834. This will

admit of the end of the connecting-rod b 6, fig. 834, turning

round without acting on the pump-rod c c, to which it is jointed.

2148. Farm Windmills.—Forty years ago, windmills, as a

motive power to the thrashing-machine, were very commonly
in use in many of the arable districts of Scotland, especially

in the Lothians and the Border counties. With a handsome
conical tower, surmounted by a cap resembling that of the

huntsman, with five outspread arms inclining upwards to catch

the passing breeze, and with a largo wind-wheel—the governor

or vane, projecting backwards, to act both as a counterpoise

to the arms and a director against the current of the atmos-

phere, and the whole painted white—these windmills really

formed picturesque and prominent objects in the landscape.

2149. The arms acted directly on a lying shaft, at the

inner extremity of which was keyed a bevel-wheel which acted

upon another at the upper extremity of the upright shaft, the

lower end of which directly moved the thrashing machinery.

The arms were turned to the wind by the governor on a seg-

mental circular wheel of iron placed upon the top of the tower.

2150. These windmills have now gone out of use, because of the more easy

and cheaper use of steam, and because in calm weather they could not be used,

and their constant exposure to the weather subjected them to so much tear and

wear, that, as a consequence, much cost was annually incurred in maintaining

them in working order.
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DIVISION FOURTH.—ARRANGEMENT OF MACHINES IN THE STEADING.

2151. Section First.—Arrangement of Machines in the Ground-Floor of the

Steading.

2152. The introduction of a variety of machines for the preparation of grain

for market, and of the food of stock, has necessitated, in improved farm con-

structions, special arrangements of premises by which to accommodate the

machines required, and to facilitate the application to them of the moving
power. We propose, therefore, in the present division, to give a few illus-

trations of arrangements which may be practioally adopted.

2153. In figs. 835 and 836 are given plans showing the arrangement of

machinery in the ground and upper floors of a barn adapted for the application

of a Scotch thrashing-machine.

2154. A plan of the ground-floor of the corn-barn, with portions of the adjacent

apartments, is shown in fig. 835 : x is the corn-barn, t the chaff-house, « a part

of the straw-barn, y the engine-house, z the boiler-house, w the boiler, and o

the chimney. In this arrangement a is the position of the first fanners, b that

of the elevator from the seconds-spout, and c that of the elevator from the

Fig. Ktt.

Tiir nmtAS.-uxiiKN'T mi ar-^-.nu-fL^on aw tu« bai.hs

clean-spout ; d is a position for a second fanner, supplied by the elevator c.

In the engine-house y, e is the position of the steam-engine,/ the main-shaft,

carrying the fly-wheel, and which is put in motion by the action of the engine

upon the crank. The main-shaft carries also, in the usual construction, a

Bpur-wheel g; but this member is subject to variation, according to the posi-

tion of the engine-house and barns. In the present arrangement, and in

many others, the spur-wheel g, as well as that marked h, act merely as inter-
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media, to bring the power into contact with the main spur-wheel t, this

giving motion to the drum-pinion. The lasting advantage of having the straw-

barn placed in the most central position to the whole steading, induces the

one trifling addition of the intermediate wheels g and A, for the purpose of

carrying the motive power from the main-shaft to the shaft of the great spur-

wheel i; and this arises from the present arrangement, a practically-existing

one, and chosen on purpose to show a difficulty, not admitting of the steam-

engine being advanced so far towards the straw-barn that its main-shaft

might be nearly opposite to the drum of the thrashing-machine.

2155. In cases, again, where the corn and the straw-barns lie in one line of

range—or even although their position may be at right angles, as here laid

down, but their relation being such as to admit of the main-shaft coming nearly

opposite to the drum—the intermediate wheels g and h become unnecessary,

and the great spur-wheel i is then placed upon the main-shaft itself. It is of

little importance which of these methods of taking up the power be adopted,

the additional wheels adding but a small increase to the expense, and a little to

the resistance ; but the lasting advantages of the central position of the straw-

barn s may do much more than balance these.

2156. Cases frequently occur, also, whoro only one intermediate wheel is

required ; and in others, it has been judged by some engineers more appro-

priate and expedient to dispense with all these wheels, and to substitute a large

pulley in the place of the wheel g. In these cases, a pulley of proportionate

dimensions is placed upon the drum-shaft, and the motion conveyed through a belt.

2157. The only subsidiary machine that is usually placed on this floor is

the hummeller, at k ; n I is the spindle on which the pulleys of the elevators

b and c are keyed
; p is the stair to the granary ; r the window of the corn-barn;

m the steps leading from the com-barn to the engine-houso y ; and v is a door

between the boiler and engine-houses.

2158. Section Second.—Arrangement of Machines in the Upper Floor of the

Steading.

2159. In the upper or thrashing barn,

and in that appropriated to the corn in

sheaf^ the outline arrangement is repre-

sented in fig. 836, wherein the space a,

formedby the placementofthe foundation-
beams b and c, is the position occupied
by the thrashing apparatus. The founda-

tion-beams are in the present case framed
into beams d and e, represented by the

dotted lines ; the space a varies in length,

according to the circumstance of the ar-

j rangement of the machinery, from 12 to

16 feet, and in width, according to the

power by which the machine is intended

to be worked, from 3 feet to 4 feet

;

ffff mark the places of the posts

which form the framework of the ma-
chine ; i is a trap-door to form a direct

communication between the upper and
lower barns when desired

; g g is the
opening in the wall through which tho straw falls from the shaker of the thrash-
ing-machine into the straw-barn k.

K'KMIHT Cr TBI trmH Or Till H*RM«
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2160. Section Tiiird.—Arrangement of Small Machines with the Moving Power
in the Steading.

2161. In Plate XL. wo give illustrations of the arrangement of machines in

a farm-steading, the property of the Right Hon. Sir W. G. Hayter, M.P., Southill

Park, Bracknell, Surrey. The whole of the machines wore manufactured by
Messrs Garrett & Son, Saxmundham, Suffolk. Fig. 1 is the ground-plan

;
fig. 2,

a section ; and fig. 3, the chamber plan.

2162. In fig. 1, Plate XL., a is the boiler-room, b the boiler, c the vertical

engine, d d the corn-barn, e e the thrashing, winnowing, riddling, and straw-

shaking machine ;// the clean chaff store, g g the large straw-barn, h the chaff-

store, i the litter store, communicating with the straw-cutting machine-room above

;

the root-washing-machine and room, k the gearing for stone grinding-mill ; 1

1

the ground-corn and meal room, with steps m leading to floor above ; n n the

saw-mill, o o o the traversing rails, and p the travelling-carriage for bringing

wood up to the saw-mill n n.

2163. Fig. 3 is the upper chamber, where a a is the place for the unthrashed

corn, b the feeding part of the thrashing-machine, c the thrashing and finishing

machine, with spout from elevator to carry clean corn to the weighing-machine

d ; e e e the granary, in one side of which the corn-binsfff are placed
; g tho

stair leading down to the corn and meal room in the floor below ; h the water-

tank to supply the farm-buildings, i the feeding part of stone grinding-mill,

the straw-cutter ; k k straw and hay room, open to tho largo straw-barn

;

/ the cake-store.

2164. In fig. 2, a is the furnace and boiler, b the engine, c c the shafting, d
the saw-mill, e the grinding-mill,/ the water-tank, g tho straw-cutter.

2165. In Plate XL. we also give, in fig. 4, a plan, showing the arrangement
of the machinery adopted on the farm of Mr William Dray, of the firm of Messrs
Dray, the agricultural engineers, of Swan Lane, London, at Farningham, near

Dartford, Kent. The following is a reference to the various parts :

—

a a the

engine bed, 6 b the engine, c c the boiler, d d the root-washing machine, e e the

root-mincing or pulping machine, // tho turnip-cutter, g g the meal-mill, h h the

flour-mill, i i the oilcake-breaker, j tho bean-mill, k k the oat-bruiser, I I the

straw-cutter, m m the litter-cutter, n n the combined thrashing-macliine, o o the

soft-water tank to supply boiler, p p the pump drawing water from a well 200
feet deep to the tank q q, which contains 3000 gallons, and u u is the steaming

apparatus. The whole of these machines are worked by the engine b b
y
through

the medium of the shafting r, supported on the brackets *, and fiirnished with

the riggers or pulleys 1 1 1.

2166. Section Fourth.—The Preservation of Implements and Machines in the

Steading.

2167. Tho farmer is often charged with neglecting his implements, by
unnecessary exposure to the weather; and the charge is partially well-founded,

although those who make it do not understand the cause of the apparent neglect.

Implements are used both within and without doors ; and those used without

doors may be divided into such as are in use every season, and only occasionally

each season. It is scarcely to be expected that implements very frequently

used in operating upon the soil can be otherwise than constantly exposed to the

weather. Fortunately, on the score of economy, the implements thus employed
are of simple construction ; and are therefore less affected by changes of the

weather, as well as less costly when renewed, than those of more complicated

construction, which are used for a short time at certain seasons.
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C30 ARRANGEMENT OF MACHINES IN THE STEADING.

2168. The implement most frequently in use is the plough, and, being the

chief one for operating upon the soil, is constantly exposed in the field. When
it was commonly made of wood, exposure caused its decay much sooner than

now, when it is wholly constructed of iron. Of so much use is the plough, that,

were one to be seen stowed away in the implement-house, the conclusion would

instantly be drawn that it was an old and worn-out one, or so ill-constructed

and useless that it had to be set aside.

2169. Harrow*, being the implement most commonly in use next to the

plough, are much in the field, and exposed to the weather ; and though made
entirely of wood, last a long time. Not being required in winter, they are then

removed from the field, and placed in the implement-house. The tines are

usually laid and made sharp once a-year, and winter is the most proper time,

just before the commencement of the oat-seed in spring. Harrows and ploughs

are seldom painted after being made ; but the harrows should be cleaned and

painted when set past.

2170. The roller being only occasionally in use, in pulverising the soil, and

rolling the young grass and spring crops in spring, and in pulverising the soil

in summer-fallow, it is replaced in its shed whenever its services are no longer

wanted. It should always be set past in a state of complete repair, that dis-

appointment may not ensue at the moment it is desired to employ it ; and the

woodwork should be painted occasionally.

2171. The small ploughs, such as the ribbing and double mould-board plough,

being used chiefly in summer, are allowod to lie too long in the fieldB after their

employment has ceased
;
and, if removed before winter sets in, are placed in

the implement-house dirty and worn. When no longer required, they ought to

be scraped clean of earth, and the irons laid, before being put aside in the

implement-shed.

2172. There are few implements which receive less regard, when not in use,

than the whole class of scufflers and grubbers, which get leave to remain at the

sides of head-ridges, and corners of turnip and potato fields, perhaps the whole

winter. Many of them being made entirely of iron, do not suffer much, it is

true, of deterioration from weather ; but being composed of many small parte

—

of tines, coulters, wedges, and screw-bolts—these suffer from exposure, and

execute their work indifferently on becoming worn. Instead, therefore, of being

permitted to lie disregarded in the fields, their worn parts should be immediately

repaired, and themselves placed in the implement-shed.

2173. All the classes of the more delicately constructed machines, as the

grass-seed, drill-sowing and turnip-sowing machines, are seldom allowed to remain

longer in the field than when in use ; but though removed from the field, they

are too frequently allowed to remain unheeded in the neighbourhood of the

steading for a considerable time. Some, having no better place to put them,

take them to the stack-yard and cover them with straw. Instead of this treat-

ment, they should be immediately repaired, taken to pieces and cleaned, the

journals greased, and the separate parts stowed away in the implement-house.

2174. Of the class of small manual implements, as turnip-hoes, spreading-graips,

dung-hawks, hag-knives, scythes, many of them, if not placed in the implement-

house whenever not in use, will be lost. When scythes and hoes get worn, they

should be thrown into the old-iron store, and their helves furnished with new

2175. Of all implements, carts, perhaps, receive the worst treatment. Though
much in use in the fields, they are never left there, it is true, and are brought

to the steading, but too seldom are put under cover, and are exposed to every
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species of weather—whether to the shrinking power of the sun's rays in sum-
mer, or the rotting effects of the damps and rains of winter

;
and, considering

that carts are constructed of many parts, the wonder is they last so long with

the treatment they receive. Their axles are not unfrequently neglected of

grease ; and as to their bodies and wheels being washed, not a mop is used or

a drop of water ever thrown upon them—and they only receive ablution from a
shower of rain, or an occasional passage across the ford of a river. A hole in

the bottom or sides gets leave to enlarge, and a wheel-ring is allowed to become
loose, till some day it flies off altogether, to the risk of breaking down the felloes.

When such a mishap occurs from home, it tells strongly against the farmer's

attention to his duties.

2176. All the in-door implements, as the thrashing-machine, should be cleaned

out thoroughly every time a different kind of corn is to be thrashed, otherwise

the samples of grain will be rendered impure. The gudgeons are usually oiled

every time the mill is in use. Whenever a thrashing-macliine requires repair,

it should receive it immediately, otherwise a serious and expensive fracture

may ensue.

2177. Holes in sacks and in barn and chaff-sheets should be instantly repaired,

by patching and darning ; nor should a broken mesh in a riddle be overlooked,

so as to render the trouble of clean-winnowing grain unavailing.

2178. Implement-house.— The fitting up of the implement-house, for the

accommodation of the finer and smaller implements, should he so done as to

keep the floor nearly unencumbered, and give free aocess to every particular

implement required at a time. Wheels, loose shafts, and angular pieces of iron,

are best suspended against a wall from iron nails. Articles of length, such as

sowing-boxes, are best supported against a wall upon brackets. Small articles

of iron and of other materials, are best kept upon shelves. Hand-hoes, weed-
hooks, and suchlike, are best placed in framed stands. Soythes are best sus-

pended from the balks, and, where there are no balks, from nails in the wall. The
bodies of small ploughs, grubbers, scufflers, should be placed along the foot of

the walls, and kept in their position with cords fastened to staples driven into

the walls. If every implement were put into its own place at the end of its

neason, confusion would be avoided, and many more articles find accommodation

in the implement-house, than when everything is put down anywhere, without

regard to order. To maintain order in the arrangement of the implements in

the implement-house requires firmness on the part of the farmer ; but the

enforcement of order carries this conviction with it, that it is easier to put a

thing in its own place than anywhere else, inasmuch as the place allotted for it

contains and retains it in tho best state and position.
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Absorbent power of stones, £6
Abutments of arches, -'

' 7

Action of the mould-board, 616.

of the plough, 601 -665

of tho turn-wrist plough, 729
Air-door, regulating, for furnaces, 2001

Air-vessels of force-pump, 1S&MS93
American dasher-churn, Anthony's, 1592
American thrashing-machine, 1322
Amos' dynamometer, 222
Analysis of mould-boards of various ploughs, 638-

647. 681
Angle-iron gate, 332-333
Angle of draught, principles that determine the,

501-502
Anthony's American dasher-churn, 1592
Arch, semi-elliptical, mode of setting out, 24Q
Arch-window, centre for, 285, 2SS.
Arches, abutments of, 227.

voussoirs of, 2iiZ

centre for, of narrow spans, 28fi

extrados of, 221
inverted, for foundations, 219
intrados of, 23J.

keystone of, 231
rise of, 231
segmental, 239
semicircular, 22Z
span of, 237

Argand or smoke-consuming furnace, 1999
Ash, properties of, 64, 05

weight of, 30

s

Ashlar-work, peculiarities of good and defective,

221
Axe, hedge, tho, 1875
Axle-grease, recipe for, 467
Axles, construction of, 1381-1405

Axiom on "tie and strut," 16- '20

Back-band, the, 1075
Balance weighing-machine, 1355-1359

Ball-syringe, the, 1866
Balling-iron, tho, 1865
Barley-riddle of wood, 1684

riddle of iron wire, 1689
roller, Ransome and Sims', 914

Barn-basket, the, 1699
broom, 1706
mnnors, 1323-1335

hoe, the, 1701
stool, the, 1700
weighing-machines, 1352-1362

Barnard and Bishop's shoopfold hurdles, 1831
mixed mesh wire-netting,

1833
Barrel-churn, the, 1579
Barrett, Exall, and Andrew's safety horse-gear,

1914, 1915

Barrow, bean, 1014-1019
corn, the, 1680
hand, the, 1087
turnip-seed-sowing, one row, 1000-1002
sack, the, 1715, 1/16
wheel, the common, 1747

Basalt, projiertios of, 51
Basket, barn, the, 1699

tho English sowing, 1133
the potato, 1724
the scull, 1749

Bath-jug, tho, 1852
Bath-stone, tenacity of, 120
Bathing-stool, the, 1851
Battens, Baltic, Memel, Norway, and St Peters-

burg, 58
Battery, the rook, 1877-1881
Bauehop's swing-tree for three horses, 769
Beam, disposition of the load on, influencing

strength of, 122
engine, 2072-2078
form of, supported at one end, 113
form of, supported at both ends, 142
of tho East-Lothian plough, 575
of Howard's plough, 669
of the Tweeddale plough, 687,697, 698
oftheTweeddale subsoil-trench plough,708
strongest, to cut out of timber, MB

Beams and columns, rules for dimensions of, 363-

312
cast-iron, rule to ascertain breaking-

weight of, 364-365

cast-iron, rule to ascertain permanent load
of, 3M

fastened immovably at both ends, theore-
tical strength of, 136

horizontal, to resist transverse strains, 138
44 1 " shaped form of, H£
inclined, computation of pressures on, 151
inclined, thrust of, on walls, 167.166, II
inclined, uniformly loaded, lateral thrust

of, on the walls, 170-172
influence of form on strength of, LH
influence of section on strength of, Ml
method to increase depth of, 276-277
of cast-iron, strongest and weakest posi-

tion of, 10.

pressure on, at different points, 129
pressure upon inclined, 157-158
relative strength of, placed at different

angles, 137
rosiliancy, elasticity, and deflection of, 111
right and wrong form of, Z.

rule for, for double-framed flooring, 3iM
rule to ascertain the units of strain at

different points of, 111
section of strongest form of, HI
setting of, in walls, good and bad, 231
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Beams, square and round, proportional strength
of, lAh

strains to which, are subjected, ill
strength of circular, 13
strength as their depth, 9
strength of square, 148
strength of, supported at one end, 138
strength of, supported at both ends, 132
strongest and weakest, 9
table of strength of different forms of, llli

timber, table of breaking-weight and elas-

tic strength of, 122
trussed, 273
uniformly loaded, pressure of, 139
vertical pressure upon, US
vortical, strength of, regulated by height,

152
wrought-iron, construction of, 222
wrought-iron, Foirboim's opinion of. 820,

321
wrought-iron, rule for breaking-weight of,

Bean-barrow, 1014-1019
riddle of wood, 1686
riddle of iron wire, 1690
sowing drill, one-row, 1020-1022
sowing-drill, threo-row, 1023-1028

Bearings for shafts, details of, 3S3-393
Beater, the drain-stone, 1110
Beech, woight of, 308
Bells reaping-machine, 1206-1215
Belts, driving, junction of lengths of, 121
Bentall'8 broad share, 873-875

dynamometer, 517
root-pulper, 1503-1506

Betholl's process for preserving wood, 82
Beton, composition and preparation of, 201
Bevel, workman's, Thompson's, 1093
Bevelled wheels, mode of setting out of, 105
Bills, hedge, 1875
Binders or joists, cast-iron, dimensions of, 326
" Binding-joists," rule for dimensions of, 3111

Black-jack, properties of, 107
Blooding-stick, the, 1864
Body-frame of the East-Lothian plough, 590-591

of Howard's plough, 6J1
of the East- Lothian plough, 582
of the Tweeddale plough, 686

Bogs, draining of, implements for, 1111-1116
Boiler, closed, straining apparatus, 1545-1556

the common, for cooking food, 1564-1568
Cornish, to find the horse-power of, 2000
cylindrical, 1970-1972 and 1975-1977
cylindrical, rule to find the horse-power

of, 2007
cylindrical, to find the dimensions of, 2009
differential feed-apparatus for, 2020
duplicate retort, 1984
vertical tubular, 1980-1983
Johnson's smoke-consuming, 2004
multitubular, 1973-1978
open, steaming apparatus, 1542-1545

Boilers, apparatus for supply of water to, 201 2-

2024
encrustation of, 2042
fusible plates for, 2038-2040
Haley's safety signal for, 2016
proportions of, 1985-1987

quantity of water in, 1996
stone-float water apparatus for, 201 2, 201

3

• varieties of, 1969-1984
water-gauge for, 2014-2015
water-heating apparatus for, 2019

Boiling and steaming apparatus, 1540-1569
Bolt and nut, construction and proportion of,

417, 413
Bond, Flemish, for brick walls, 227* 228

Bond, in stone-work, 222
old English, for brick walls, 228
timber for brick walls, 229

Bone-dust and turnip seed-drill, the, 1003-1099
Boring-irons, 1103
Bosses, stack, 1660-1663

of shafts, 375
Bourdon's pressure-gauge, 2037
Box-churn, the, with power, 1 591
Box hand-churn, the, 1585-1590
Boxes, core for pattern, 287
Boyce's reaping-machine, 1184
Boydell's endless railway, 2092-2095
Braces, importance of a knowledge of the prin-

ciples of, 14
Brake, friction, 415

harrow, the, 894
Branding-iron, the, 1855
Brander potato-lifter, Lawson's, 732-734

shovel, potato, the, 1725
Brasses or bushes for bearings of shafts, 381
Breaker, the curd, 1774, 1775

the oil-cake, 1527-1537
Breaking-joint in stone and brick walls, 214, 215,m
Breaking-weight of hollow pillars, 370

of single and double riveted

joints, 422
of timber, 122
of timber beams, rules for, 292,

297. 299
of, in various circumstances,

292^7.
of wrought-iron, 123

Brick, properties of, 5J
Brick walls, carrying up of, in old English and
Flemish bond, 231

classes of, 22Z
defective setting of, 232
footings of, 212
to insure regular settlement of, 233

Bridges, check, for boiler furnaces, 1990-1993
fire, for boiler furnaces, 1995

Bridging-joists, rule for dimensions of, 305
Bridle, the, 1075

of Howard's plough, 680
or muzzle of East-Lothian plough, 580-596
of the Tweeddale plough, 694
of the Tweeddale subsoil-trench plough,714

Bridles, construction of, 241
Broadcast manure-distributor, Chambers's, 1065-

1069
sowing-machine, the, 943-959

Broad-mouthed shovel, the, 1113
Broadshare, Bentall's, 873-875
Brooms. 1705, 1766

barn, 1706
Bruiser, linseed, 1538

the whin, 1859, 1860
Brush, the horse, 1861

the water, 1862
Bucket, wator-whoel, 1928-1936
Buckets, ventilating, for water-wheels, 1936, 1937
Building-stone, determination of qualities of, 56
Bust's wire-bracing for gates, 334,335
Buisting-iron, the, 1854
Bullock-holder, the, 1791
Bull's ring, 1796
Burgess and Key*s M'Cormick's reaping-machine,

1224-1231
Burnett's process for preserving wood, 81
Bushe and Barter's root-grater, 1500-1502
Bushel, the imperial, 1707-1709
Bush-harrow, the, 905
Butter-print, mould, and hands, 1769

spade, the, 1769, 1770
Byre cooler, 1750
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Caddy-holts of cart, position of, 405.

Caldron, 1569
Caldron and furnace, Clarke's portable combined,

1569
Cams, mode of setting out, 412
Cambridge's press-wheel roller, 926"

Carpentry, direction and amount of pressure in,

and framing, 15G

Carriage or cart, construction of, 1406-1436
for conveying harrows, 1121
wheel, theory of the, 4S5
whoels, effect of resistance from obsta-

cles, 4flM

wheels, friction of, 486.492

wheels, mechanics of, 478-492
Carriages, effects of springs on, 508

wheel, direction of the line ol draught
of, 500-506

Cart, corn and hay, 1436-1444
dormant-bodied, the, 1428-1435
draught chains of, correct position of, 50fl

effect of the load in, on the horse, 487-499
farmer's, the English and Scotch, 1726*

liquid-manure, James's, 1056
liquid-manure, the, 1048-1055
position of caddy-bolts, 49_5

Robertson's improved corn and hay, 1445-

1446
rope, coil of, 1674
steelyard, the, 1452-1460

tilt, construction of, 1408-1427
waggons, 1363-1451

water, the, 1047
Carts, wheel, disposition of the load of, 493, 404
Caschrom, or plough of the Hebridos, [&2
Cast and wrought iron, Mr Stirling's mixture of,

25
Casting strength of iron, SZ
Cast-iron beam, " I "-shaped form of, 1M
Cast-iron beams, strongest and weakest positions

of, 10
brcaking-woight of various qualities of,

124
colour of various qualities of, 124

columns of similar form, properties of,

columns, fitting up of, 339-344

column, strength of, 153

crushing strength of, 125
deflection of various qualities of, 124
elasticity of various qualities of, 124
girder, sill

grey, 86-90

mixtures of, 03
Mr Fairbairn's mixture of, 94
Mr Stirling's mixture of, 84
names of, 124
power to resist blows of various quali-

ties of, 124

power to resist tension and compres-
sion, 125

varieties and properties of, flfi

specific gravity of, 124
strongest quality of, 92
table of the qualities of, 124
table of strength and properties of va-

rious qualities of, 124
tensile strength of, 125

test of strength for,

value of the repeated meltings of, 126.

white, a&^SQ
Cast-steol column, strength of, 123.

Cattle-leader, American, 1794
probang, the, 1797-1799

trochar, the, 1801

Coiling-joists, 245
Cement, Piuszolano, 20S

Roman, 2lM
Cements, Smeaton's Eddystono, 205
Centre for window arch, 2S5, 2h&
Centres for arches of narrow spans, 2M
Centrifugal pump, tho, 1895
Chain-gearing system of the Scotch thrashing-

machine, 1289
Chain-rod of Howard's plough, 679
Chambere's broadcast manure-distributor, 1065

1069
water drop-drilL 1035, 1036

Chandler's drop sowing-drill, 1034
liquid manure drill, 1042-1046

Check-bridges for boiler furnaces, 1990-1993
Cheese-making apparatus, KDevil's, 1607 - 1 ti 1

2

press, the, 1613-1620
press, the combined lever, 1617-1620
press, the stone, 1614, 1615
turner, the, 1621-1624
vat, the, 1773

Chemical composition of wood, 7J
Chest, the corn, 1858
Chimney-damper, 2022-2024

proportions of, for steam-boiler furnace,

1988
Chopper, cross turnip, 1744, 1745
Chum, American dasher, Anthony's, 1592

barrel, the, 1579
box hand, the, J 585-1590
box, the, with power, 1591
compound-action, Whitworth and East-

wood's, 1581

horizontal, the, 1580
oscillating, the, 1606
plunger, the, 1594, 1595
plunger, the. with hand-power machine

1597-1603
plunger, the, with horse-power machine.

1604-1605
Churns, classification of different forms of, 1572,

1578
Clarke & Co.'s portable combined furnace and cal-

dron, 1569
Clark son'b square pump, 1886,
Classification ofstones employed in construction, is

Clay-puddling, process of, 211
Clayton ana Shuttloworth's fixed thrashing-
machine, 1314-1319

hummeller, 1347
Clip-iron for rick-stand, 1657
Clod-crusher, Croskill's, 922-925
Closers in brick walls, 231
Cloth, the rick, 1176-1 ISO
Clutch-lever, the, 416
Clutch-sliding or gland for shafts, 414
Clyster funnel, the, 1867
Coal, table of the eoonomio values of, for raising

steam, 1964
Cop of teethed wheels, form of; 401 -4<^3

Cohesive strength and resistance to compressiou
of timber, table of, 121

Cohcsivcncss of stones, &i
Coleman's cultivator, 869-872

expanding harrow, 90

1

Collar of horse, 1075
Collars of shafts, 375
Columns and beams, rules for dimensions of, i&i-

322
cast-iron, caps of, 342^ 343^ 344
cast-iron, circumstances regulating

strength of various forms of, 158
cast-iron, fitting up of, 339-344
flat and round - ended, comparative

strength of, 155
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Columns, cast-iron, for receiving girder, 341
relative strength of, of different mate-

rials, 153
cast-iron, rule forbreaking-weight of, 3SS
cast-iron, setting of, in stone and brick,

339. 340
Comb, the curry, 1861

the mane, 1861

Combined furnace and caldron, Clarke & Co.'s

portable, 1569
lever cheese-press, 1617-1620

Common graip, the, 1778
reaping-scythe, the, 1644
spade, the, 1076
throw-crook, the, 1664

Compensation lever swing-tree, 765
Composition of forces, examples of, 159-166. 122.

Compound-action churn, Whitworth and East-

wood's, 1581
Compressile strength of materials, 111
Compression, resistance to, in materials, 111
Computation of strength of beams placed at

different angles, 121

Concave mould-board of plough, 568

Concrete as a building material, 203
composition and preparation of, 202

Condensation of steam, mechanical effect of,

1960-1961

Condensing beam-engine, 2079-2081

steam-engine, 2057-2060

Conifer*, or cone-bearing trees, 60
Connecting-rods, 40S-410

Construction, machine, 373
materials employed in, 43
practice of, lki
principles of, 102
of timber-framing, 241

Consumption of smoke, 1993-2005
Contour of ploughs, 574
Convex mould-board of plough,
Cooler for a byre, 1750
Cop|>er, properties of, 105
Core-boxes for patterns, 287
Corn and hay cart, the, 1441-1444

Corn and hay carts, 1486-1444
Corn-barrow, the, 1680
Corn-box, platform for sheep, 1843, 1844
Corn-bruisers, 1513

hand, 1514-1518
plain roll or, for power, 1520-1522

plain wheel-edged, 1579
Corn-chest, the, 1858
Corn-cleaner and smut-machine, Rankine's, 1349
Corn-dressing machine, Dray's, 1337-1340
Corn-reaping machines, 1181-1231

Corn, sacks of, in a barn, 1713, 1714
Corn-sacks, lifting of, 1717-1720

Corn-separator, Palmer's rotatory, 1341-1343
Corn-strikes, 1710-1712
Corn-trough for feeding sheep, 1842
Cornish granite, tenacity of, 120
Cottars, or keys, 4£J
Coulter of East-Lothian plough, 577-595

of Howard's plough, 674
office which it has to perform, 604-609

position of, 602, 603
Coulters, ribbing, the, 725, 726

of the Twoeddale plough, 692, 701
Coulter-box of East-Lothian plough, 5B7

Coupling, square, half-lap, round, 2M
Couplings, varieties of, 380
Cradle-scythe, the, 1645-1648
Craigleith stono, tenacity of, 120
Cramps for binding ashlar stone-work, 224
Cranks, oast and wrought iron, 406. 407
Crank, steam-engino, the, 2061-2078

Cream-jar, the, 1767
Creaming-dish, the, 1766
Crested furrow-slice, §14.

and rectangular furrow-slices, comparison
of, 624-631

Crook, the shepherd's, 1840
Cross-balance yoke for three horses, 770
Cross strain, resistance to, in materials, 113
Crosskill's clod-crusher, 922-925

English farm-waggon, 1447, 1451
Crowbar, the iron, 1084
Crushing-weights of stones, table of the, 110
Cultivator, Coleman's, 869-872

Romaine's rotatory, 803-817
Curd-breaker, the, 1774, 1775
Curd-cutter, the, 1772
Curry-comb, the, 1861
Curves generated by the revolution of carriago-

wheels, 484
Cutter, the curd, 1772
Cutters, straw, 1461-1473
Cutting timber, right and wrong methods of, 2110

Cylinder hummeller, 1346
turnip-sheers, 1493

Cylinders, relative strength ofsolid and hollow, 151
solid, hollow strength of, 150

Cylindrical boiler, 1970-1972, 1975-1977

Dairy apparatus, 1570-1624
utensils, 1625-1781

Dam of water-wheel formation of, 1927
Damper, chimney, 2022-2024
Data on which the details of ploughs are based,

572-574

Dead hedge, the, 1870
Deflection of beams, 1 14-116

Depositor-dibble, or grain-planter, 1038-1040
Desiccation, hot-air, of timber, ZO.

Diagonal harrow, Howard's, 900
Diagonals, false and true, ornamented, 14^ 15
Dibber or fold-pitcher for setting hurdles, 1H26
Dibble, depositor, or grain-planter, 1038-1040
Dibbling or drop-drill sowing-machine, 1029, 1030
Difrging-forks, Parke's, 1075
Direct-acting engines, 2090-2101
Disc straw-cutter, the, 1464-1466
Disc-harrow, or iron-web, 892, 893
Dishes, milk, 1753-1761
Distributors, manure, liquid and solid, 1041-1069
Ditcher's shovel, the, 1078
Docker's thrashing-machine shaker, 1351
Docking-iron, the, 1863
Dormant-bodied cart, the, 1428-1435
Double-handed sowing apparatus, 1134, 1135
Double flooring, construction of, 245

framed flooring, construction of, 246.

mould-board plough, tho, 719
mould-board plough for drilline land,

722-724
Do retail joint, 279
Dowels for wood-joint, 2£7_

for binding ashlar stone-work, 224
Drags, action of, 498
Drag-chain of Howard's plough, 675
Drsg, dung, the, 1780
Drain draw- hoe, 1098

gauge, tho, 1105
scoop, the draw-earth, 1097
scoop, the pushing, 1101
screen or harp, tho portable, 1106
spade, the narrow, 1096
spade, tho narrowest, 1100
stone-beater, 1110
stone-rake, 1109
stones, the tail-board for, 1108
trowel, the, 1099
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Drain, water-metre, the, 1117 • •

Drain*, hammer for breaking stones for, 1104
levelling-staff for, 1093
peat- tile for, 1116
planking of the, 1102

Drainage- level, Thompson's, 1092
Drainer's plumb- level, 1094
Draining of bogs, implements for, 1111-1116
Draining-tools, 1090-1117

Draught, angle of, principles that determine the,

API. 602
angle of, of ploughs, 775
bars, swing or Whipple trees, 750-778
catenary curve, same effect as a spring,

on the, 5M
chains of carts, correct position of, 506
direction of the lino of, in whool-car-

riages, [lilhim
disadvantages of employing horses in

line, 505
elasticity essential to the yoking of a

horse, 511
in light carriages at high speed, 507
line of, of the two-wheeled cart, 503, 504
of ploughs, 774-789
of ploughs, diagram of, 776
of ploughs, effect of wheel on, 778-782
of ploughs, resistance of different angles

on, 777
of the plough, Yester experiments upon,

790-795
Draw-earth drain-scoop, 1097
Draw-hoe, the hand, 1124
Dray's corn-dressing machine, 1337-1340

four-horse portable thrashing - machine,
1321

Hussey's reaping-machine, 1217-1223

under-foot horse-works, 1 9 1 -', 1913
Drill, bean-sowing, the, 1014-1019
Drill-drop, Smithes, 1032
Drill-grubber, common, 876, 877
Drill-harrow, the, 895-897

triangular, 898. 8.09

Drill, lever oorn, Garrett's Suffolk, 972-979
Drill-levor sowing-machine, the, 968-971

Drill, li.iuid-manure, Chandler's, 1042-1046
Drill of land, definition of, 721

seed and manure sowing, Garrett's, 1010-

1014
sowing-machine, East-Lothian, the, 963-967
three-row bean-sowing, J 023- 1 028
turnip, East- Lothian, the, 986-993

turnip seed and bone-dust, the, 1003-1009

turnip sowing, Goddes's, 994-997

turnip, two-row, on wheels, 998, 999
water-drop, Chambers's, 1035, 1036

Drills, turnip, 980-1009
Driver for snoop-net stakes, 1 821
Driving-belts, junction of lengths of, 424

to prevent slipping in pulleys, 325
Drop-drill, objections against, 1033

Smith's, 1032
sowing-machine, 1029, 1030

Drop sowing-drill, Chandler's, 1 034
Drum of the Scotch thrashing-machine, 1250-

1261, 1267-1290
Dung-drag, the, 1780

graip, the throe-pronged, 1 779
spade, the, 1776-1777

Duplicate retort steam-boiler, 1 984
Durability of wood, and its principles, 74^ 7&
Dutch hoe, the, 1125
Dynamics, mechanics of, utility of, to tho farmer
and mechanic, 21

Dynamometer, Amos', 522
Bentall's, 517

Dynamometer friction-brake, 512
Gainst and Lund's, 51A
Morin's, 512
principle of construction of, 513,

514
Slight's, 515, 5M
Slight's elliptical spring, 515, filfi

to test power of steam-erypnes,5-l

East-Lothian drill sowing-machine, 963-967
plough, 570-575
plough, analysis of mould-board of

641
turnip-drill, tho, 986-993

Eccentric, ILL
Edging-iron, the, 1112
Effect of the load in carts on the horse, 497-480
Elastic strength of timber, 122
Elasticity ofbeams, 114
Elasticity of wrought-iron, 129
Elevators of the Scotch thrashing-machine, 1254-

1284
Elliptic arch, mods of setting out, 240
Elm, weight of, 308
Encrustation of boilers, 2042
Endless railway, Boydell's, 2092-2095
Engine, beam, condensing, 2079-2081
English farm-waggon, 1447-1451

hay-tedding machine, 1151-1155
hurdle, the, 1822
portable thrashing-machine, 1296-1302
sowing-basket, 1133

Ewe-house, the, 1848-1850
Expanding harrow, Coleman's, 901
Expansion of steam, mechanical effect of, 1962
Expansive gearing, 2119

working of steam-engines, 2118-2122
Extrados of arches, 237

Fairbairn's lock-up safety-valve, 2033
remarks on placing of joists in cast-

iron girders, and trussing of, 313 315
remarks on tie-rods in girders, :;.:,<

Fanners, finishing, or duster, 1331-1335
of the thrashing-machine, 1336
of the Scotch thrashing-maclune, 1252,

1283,1286
barn, 1323-1335

Fast-and-loose pulloys, 413
Fastenings for gates, 264
Feed apparatus, differential, for boilers, 2020-2022
Feeding gear and rollers of the Scotch thrashing-
machine, 1245-1257

Fooring-poles, the, 1074
Felling of timber, time for, Qri

Fence, stake-and-rice, 1871
Field-gate, application of the diagonal to, 252,2-Vl

elements of the truss in, 250.

incorrect construction of, 254
Field-gates, practical construction of, 251
Fir, Riga, weight of, 2Qg
Fir timber, varieties and properties of, 55
Fire-bridges of boiler furnaces, 1995
Fire proof flooring, 212

Fox's patent, 323
Firing, alternate, of boiler furnaces, 2003
Flail, the, 1675. 1676
Flails, right and wrong form of, S
Flat arches, 235
Flauchter-spade, the, 1119
Fleam, the, 1864
Flemish bond for brick walls, £Z

double, construction of, 2ij
Flooring, double-framed, construction of, 246*

fire-proof, 212
general remarks on construction of, 242
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Flooring joists, sotting off, good and bad, 221
rule for dimensions of, 802
rules to ascertain dimensions of various

parts of, 302-307

single, construction of, 242
strutting of single, 243
table of dimensions of various classes of,

246
timbers, joints for, 28"

weights off 307.

Floors, size of" binders" of, and distances between,
246

size of "ceiling-joists" of, and distances
between, 246

sue of girders of, and distances between,
246

rise of "joists" of, and distances between,
246

span or bearing, 246
Fly-catcner, turnip, 1126, 1127
Fly-whoels, principles of action of, 434-43*)

rule to determine the weight of, 450,m
Fold-pitcher for setting hurdles, 182(1

Footings, brick, 211
stone, 212

Foot-piok, the, 1082
Foot-picker, the, 1861
Force, 473
Force, computation of the direction of, to sustain,

160
Force and friction, inquiry into the laws of, 454-

466
Forces, components of, 159.

composition of, 152
equivalent, or resultant of, 152
parallelogram of, 152
resolution of examples of, 159, 161-1 C5

Force-pump, the, 1887-1893
Fork, nay, the wooden, 1634

straw, the, 1632
straw, the Lincolnshire steel, 1633

Forks, digging, Parkes*, 1079
trenching, 1080

Form of a beam, influence of, on the strength of,

121
Foundations, nngles of, 216

classification of, 123
digging of the trenches for, 201
in compact clayey soils, 195, Uii!

in compact gravelly soils, 124
in compact sand-beds, 12Z
in soft yielding soils, 1M
on rock, 200
precautions in preparing, in sandy

soils, 128
preparation of the ground for, 194

Fourneyron's turbine, 1943
Fowler's steam plough, 835-845
Fox's patent tire-proof flooring, 823
Framework of East- Lothian plough, dimensions

of,m
or " tops" of hay and corn carts, 1437
of the Scotch thrashLng-machine,

1241, 1242
Framing and carpentry, 156

iron, 309.

iron joists used in iron, 338-362
properties of the triangle as applied to,U
timber joints used in, 266-288

Friction and force, inquiry into the laws of, 454-

Friction-brake, 415
dynamometer, 512

Friction, laws of, 457
Morin's experiments upon, 456

Friction of axles, with different unguents, 465
of carriage wheels, 4H6-492

of gudgeons or axles, in motion, table
of, 462

of surfaces with unguents, table of co-
efficients of, 46U

of unctuous and non-unctuous surfaces,

452
practical deductions from investigations

into, 4M
table of coefficients of, 460.

under pressures, table of coefficients of,

AM
Frying-pan shovel, the, 1107
Fuel, efficacy of, in raising steam, 19fi3-l 968
Fuels, various, table of the comparative evapora-

tive powers of, 1964
Funnel, the clyster, 1867
Furnace-boiler, alternate firing of, 2003

economisation of surplus heat from, 1997
Furrow-shoo, alternate form of, 643, 644

crested, 614
crested and rectangular, compari-

son of, 624ifi31

movement of, 62Q
proportional areas of, 021-623
raising and transmitting of, 617
rectangular, 615
transmission of, 613, 619
wheel of Howard's plough, 678

Fusible plates for boilers, 2038-2040

Gallows for horizontal shafts, 322
Gainst and Lund's Danish dynamometer, 518
Gardner's turnip-cutter, 1494
Garrett's horse-hoe, 935-940

portable thrashing-machine, 1305-1309
seed and manure sowing-drill, 1010-1014
Suffolk lever corn-drill, 972-979

Gate, angle-iron, 332, 2&i
field, bracing of a wire, 334, 235.

field, common wooden, 1H73
field, the iron, 1874
trussed, iron, 330
wooden, Kilmory, trussed, 255
wooden, for drives and approaches, 25iS

wrought-iron side, 336
Gates, crook and band-hinge for, 263

fastenings for, 264
field, iron, diagonals in, 252
field, upfittiugs of, 257_

iron, 327-329
opening and shutting of, 260
painting of, 265
principles of construction of, 249
wooden, essential features of, 250
wooden fastenings for, 26_4

wooden, hanging- posts for, 261. 262
wooden, with iron heel-post, 256

Gauge, the drain, 1105
mercurial steam-pressure, 2036-2037
sheaf, the, 1649

Gear, horse, Barrett, Exall, and Andrews' safety,

1914, 1915
Gearing of the Scotch thrashing-machine, 1243
Goddes s turnip sowing-drill, 994-997
Gibs, 429
Gilbert's sack filler and lifter, 1722
Girder, cast-iron, 311
Girders, cast-iron, danger of perforating, 216

cast-iron, dimensions of, 325
cast-iron, placing of tie-rods in, 318
oast-iron, trussing of, 315-316

iron, connection of cross-beams with, 314
iron, connection of wooden,
iron, filling in of spaces between, 312
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Girders, iron, 4'shoes" for, 812
trussed, 275

Gladstone's reaping-machine, 1186
Gorse cutting machine, 1473

bruiser, the, 1859, 1860
Governor of Bteam-engine, 2107
Grain drilling-machines, 960-862
Grain-planter, or depositor-dibble, 1038-1040
Graip, the common, 1778

dung, the three-pronged, 1779
the potato, 1723

Granite, properties of, 42
Grass-seed harrows, 890, 891
Grease-axle, recipe for, 467
Greenstone or trap, properties of, 51
Gridiron, horizontal turnip-slicer for sheep. 1484-
1488

r

Grindstone, the, 1898
Grubber, Kirkwood's, 857-863

Tennant's, 864-868
Grubbers, 846-877

historical notes on, 846-856
Grubber, common drill, 876, 877
Gudgeon of cast-iron shaft, 37_8

of timber-shaft, .218

Gwilt's remarks on flooring, 248
GWynne's hand farm-pump, 1694

turbine, 1947-1950

Half-lap joint for timber, 2C7
Haley's safety signal for boilers, 2016
Hames, the, 1075
Hammer for breaking stones for drains, 1 104

and nut-key, iron, the, 1072
quarry, and jumper, 1086

Hand-barrow, the, 1087
Hand and print-mould for butter, 1769

corn- bruiser, the, 1514-1518
draw-hoe, 1128
hay-rake, tho, 1635
hummeller, the, 1678
lever turnip-slicer for cattle, 1733-1738
pick, the, 1081
power machine and plunder-churn, 1597-

1603
rake, tubular iron, 1636
straw or hay cutter, the, 1729-1732
stubble-rake, the, 1650

Handle, right, of East-Lothian plough, 576
Handles and levers, construction of, 4Jil
Hangers or gallows for horizontal shafts, 390
Hanging-posts for wooden gates, 261-262
Hanson s potato-digger, 738, 739
Harle, or mud-hoe, the, 1781
Harness, cart, the English and Bcotoh, 1726
Harp, or draw-screen, portable, the, 1106
Harrow brako, the, 894

bush, the, 905
drill, the, 895-897
expanding, Coleman's, 901
Howard's diagonal, 900
iron, extirpating, Ross's, 902-904
iron, web or disc, 892, 893
names of parts of, 879
Norwegian, the, 927-929
rectangular, 879, 880
snow, the, 906, 907
triangular drill, 898, 899

Harrows, 878-907
carriage for conveying, 1121
grass seed, 890, 891
rhomboidal, iron, 887-889
rhomboidal wooden, 881-886
rule for constructing rectangular, 886

Hartas' inclined plane hone-work, 1916-1920
Hay and corn cart, the, 1441-1444
Hay and corn carts, 1436-1444

Hay-fork, the wooden, 1634
Hay-knife, the, 1727-1728
Haymaking machines, 1137-1175
Hay or straw rack for sheep, 1846, 1847
Hay-rake, the hand, 1635
Hay-rakes, faulty and correct method of connect-
ing the handle and head, 13

Hay-tedding machines, 1149-1175
the English, 1151-1155
Smith and Ashbv's, 1156-

1164
Thompson's, 1165-1171

Haywood's portable engine, 2090
Header in brick-work, 2lZ

in stone bond, 222
Heat, economisation of surplus, from boiler-fur-

naces, 1997
Heat, latent, of steam, 1954
Heathcoat's steam-plough, 808-812
Hedge, the dead, 1870
Hedgo-bill and axe. 1875
Hedge-spade, the, 1 120
Hepburn s mountain turn-wrist snow-plough,

748, 749
Hill and Smith's iron rick-stand and pillar, 1655,

1656
Hinge, crook and baud, for gates,

Historical notes on grubbers, 84ti-85<>

on ploughs, 558-JSflB

on reaping-machines, 1181-1183
on thrashing-machines, 1233-1237

Hoe, barn, the, 1701
drain draw, 1098
Dutch, the, 1 125
hand draw, 1124
horse, Garrett's, 935-940
mud, or harle, the, 1781

Hoes, horse, 930-940
Holder, bullock, the, 1791
Home-timber, 59
Hook, weed, tho, 1122
Hopper, great, of the Scotch thrashing-machine,

1282
Horizontal churn, the, 1580
Horizontal high-pressure engine, 2083

spade, the, 1114
Hornsby'6 portable thrashing-machine, 1810-1313
Horse-gear, Barrett, Exall, and Andrews' safety,

1914, 1915
Horse-hoe, Garrett's, 935-940

Smith's steerage. 931-934
Horse-hoes, 930-944
Horse-power, 1899-1920
Horse-power machine and plunger-churn, 1604-

1605
Horse, proportion of weight carried by, in draught
and cart back-load, 500

Horse roko, the, 1138-1142
Smith's counter-balanced, 1143-1143

Horse, to ascertain load of cart, 496
Horse-wheel, 1900-1911

calculation connected with, 1904
lever for equalising draught of, 1910
method of securing collar-beam of.

1911
*

— ring-chain and pulleys of, 1907-1909
Hone-work, Hartas' inclined plane, 1916-1920
Horse-works, Dray's under-foot, 1912, 1913
Hot-air desiccation of timber, 7JQ

Hot-blast, iron properties of, 26
House, ewe, the, 1848-1850
Howard's diagonal harrow, 900

wheel-plough, details of. ifflj-CSl

Hummeller, 1344 •

Clayton and 8huttleworth's, 1347
cylinder, 1346
hand, 1678
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Hummellor, Ransome and Sims', 1348

Hurdle, the English, 1822
sheep portable, Macphorson's, 1836-1839

Hurdles, the fold-pitcher or dibber for setting,

1826
sheepfold, Barnard and Bishop's, 1831

for sheep, wooden, 1805-1810

wrought-iron, Young's, 1828-1830

Hussey** reaping-maohino, Dray's, 1217*1223

Hydatids, the trochar for, 1857
Hydraulic mortar, composition of, 2QU

ram, the, 1896-1897

" r-shaped form of cast-iron beam, 140

Imperial bushel, the, 1707-1709

Implement-house, fittings of, 2178
Implements and machines, preservation of, in the

steading, 2167-2178
manual, connected with the culti-

vation of the soil, 1070-1136

manual, connected with the products

of the soil, 1625-1781
for topping and tailing turnips, 1741

paring, 1118-1120
useful on the farm. 1782-1898

wood chiefly used for, 61
Inclined beams, computation of pressures, 161

thrust of, on walls, 167, 1^ 162

uniformly loaded, lateral thrust

of, on the walls, 17"- 172

plane horse-works, Hartas', 1916-1920

India-rubber pump-valve, Perreaux's

Indicator, advantages of the use of, 2129

*> steam-engine, 2126-2128

Intrados of an arch, the, 237
Inverted arches for foundations, 219
Iron, balling, the, 1865

branding, the, 1 H56
buisting, tho, 1855
castings, strength of, 87.

change of structure of, 101
classes of, 8&
docking, the, 1863
field-gate, the, 1874
framing, 309
framing, joints used in, 338-362

gates, Si i -329

harrows, rhomboidal, 887-889

influence of the atmosphere and water on,

102- 103
Scotch and English, relative values of, 9J
straw-rack, 1789
table of the tensilo and crushing strength of,

125
web or disc-harrow, 892,893
work, prevention of decay of, 104
wrought and cast, comparative effect ot

compression upon, 154
wrought, qualities of, 100
wrought, properties of, 22

James's liquid-manure cart, 1056
Jar, cream, the, 1767
Joggles for binding ashlar stone-work, 224
Jolinson's smoke-consuming boilers, 2004

Joining of timbers, accuracy in, 273
in the direction of their length,

266
at rightangles to each other, 2Z3

Joining, remarks on, 280
Joint, " dovetail," 27J>

" half-lap," for timber, 261
metre, '^SJ

** mortise-and-tenon," 278
on timbers for vertical compression, 211
rabit, or rebate, 2152

" scarf" for timber, 267, 268, 269, 2IQ

Joint, universal, for shafts, 381-382

Joints for flooring-timbers, 287
of steam-pipes, 2043-2051
tongued and grooved, 287
used in the construction of wrought-iron

roofs, MUM''
used in iron-framing, 338-362

used in timber-framing, 266-2S8

various forms of, for patterns, 287
Joists, ceiling, 245.

with good and bad methods of, 312, 313
Journals of shafts, proportion of, 441
Jug, the bath, 1852
Jumper and quarry-hammer, 1086

Keevil's cheese-making apparatus, 1607-1612
Kemp, Murray, and Nicholson's three-row bean-
sowing drill, 1023-1028

Kentish rag, tenacity of, 120
Kerr's model of reaping-machine, 1191
Keys on wheels and pulleys, 425-428
Keystone of arches, 237
Kilmory trussed wooden gate, 255
King-posts in centre for arch, 286
Kirkwood's grubber, 857-863

Norwegian harrow, 927-929
wire sheep-fodder rack, 1845

Knife, hay, the, 1727, 1728
turnip-trimming, 1742

Knot, the shepherd's, 1815
Kvan's process for preserving wood, and its ex-

pense 76-80

Labouring force, various sources of, 474
Lactometer, the, 1771
Ladders, 1673
Lanarkshire plough, 5JI

analysis of mould-board of,

642
general dimensions of, and

heights, 680
Land-roller, the, 908-913

Land-rollers, 908-926
Land-side of East-Lothian plough, details of, 597

of the Tweeddale plough, 695
wheel of Howard's plough, 677

Lantern, the, 1783
Larch, properties of, 59, 60

weight of, 206
Laws of friction, 457
Lawaon's brander potato-lifter, 732-734
Lead, properties of, H'6
Leader, cattle, the American, 1794
Leicester paring-plough, 742
Level, drainage, Thompson's, 1092
Level, spirit, the, 1091

Levelling-box or scoop, 743-747
Lovelling-staff for drains, 1093
Lever corn-drill, Garrett's Suffolk, 972-979

drill sowing-machine, the, 968-971

for clutch, 4_I6

turnip-slicer for sheep, 1477-1483
Levers and handles, construction of, 431

jointed, 430
Lewis for raising blocks of stone, 223
Lifter, the sack, 1721
Lime, pure, composition of, 207
Limestones, properties of, 55
Lime, to preserve, for building purposes, 21

Q

Lincolnshire stool straw-fork, 1633
Linseed bruiser, 1538
Lintels, 235
Liquid-manure cart, tho, 1048-1055

James's, 1056
drill, Chandler's, 1042-1046

Load on a beam, disposition of, influencing

strength, 122
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Loading, disposition of, on wheel-carts, 493, 4M
Lubricator for shafts, 4U2

piston, 2115-2117
Tidmarsb's hand, 412
Tidmarsh's self-acting, ill

M'Cormick's reaping - machines, Burgees and
Key's, 1224-1231

Machinos, arrangement of, in the steading, 2148-

2160
and implements, preservation of, in the

steading, 2167-2178
Machine construction, 373
Mncpherson's portable sheep-hurdle, 1836-1839

Main's soot-sowing machine, 1062-1064

Mallet, the shepherd's wooden, 1820
Mane comb, 1861

Mann's reaping-machine, 1197-1205

Manual implements connected with the cultiva-

tion of the soil, 1070, 1 136

implements connected with the products

of the soil, 1625-1781
implements useful on the farm, 1782-1898

Manure and seed sowing-drill, Garrett's, 1010-

1014
distributor, broadcast, Chambers's, 1065-

1069
distributors and sowing-machines, 943-

1068
distributors, liquid and solid, 1041-1069

solid, distributors, 1058-1069

Marble milk-cooler, the fixed, 1762
Masonry, stone, varieties of, 2211

Materials employed in construction, 48.

strength of, 109, LLii

Mattock, the, 1083

Maunds or wechts, 1697
Mechanical effect, modulus of, 470, 477

principles of, value of, to the farmer
and mechanic, 2. 21. 23

principles, exemplification of igno-

rance of, ik&
work or effect, 473

Mechanics of carriage-wheels, 478-492

Meltings of cast-iron, value of the repeated, 12fi

Memol timber, properties of, 58.

Metals used in construction, 84
Metre, water, the drain, 1117
Miles' wooden gate, 256
Milk -cooler, the fixed marble, 1762

dish, common stoneware, 1755

dish, glass, 1757
dish, Wedgwood ware, 1756

dish, wooden, 1758
dish, sine, 1759
dishes, 1753-1761
pail, the, 1751

Milking-stool, the, 1752
Mitre-joint, 2SZ
Mixed mesh wire-netting, Barnard and Bishop's,

1833
Modulus of mechanical effect, 476, 477

Mole-trap, the, 1876
Morin's dynamometer, 511

experiments in friction, 456
Mortar, composition and preparation of, 205

hydraulic, composition of, 208
sands used for, 206

Mortise-and-tenon joint, 278
Mosolcy on the laws of friction, 45Z
Moss-extirpating harrow, Ross's, 902-904

Motion of the simple roller, effects of, 479
Mould-board, action of, G1&

analytical section of Howard's, 681

of East- Lothian plough, 578
of Howard's plough, 672
ofthe Tweeddale plough, 691

Mould-board, analytical section of the Tweeddale,
703

pattern of theoretical, 659-666

principles of formation of, 6.tt-fi39

theoretical principles and practice
of construction of, H4S jffl

Mould-boards, analyses of various, 639, 647. 681
comparison of actions of various,

704, 705
parallel-ruler for the formation of,

636,631
Mud-hoe or harle, the, 1781
Multitubular boiler, 1973-1978

Narrow drain-spade, 1 096
Narrowest drain-spade, the, 1 100
Nasmyth's absolute safety-valve, 2035
Natural seasoning of timber, Qi
Net for confining sheep on turnips, 1817
Nets and stakes for sheep, 181 1-1822

Nicholson's hay-tedding machine, 1171-1175
Nippers, the punching, 1854
Norway battens, properties of, 5S-60
Norwegian harrow, the, 927-929
Notching of wall-plates, 2&1
Nut and bolt, construction and proportion of,

417. 418
Nut-key, iron hammer, the, 1072
Nuts, proportions of, 415

Oak column, strength of, 153.

. . . properties of, 62, $3.

... weight of, 30S
Oat-riddle of wood, 1685
... riddle of iron-wire, 1691
Ogle and Brown's reaping-machine, 1189
Oil for machinery, sperm, mineral, 468
Oil-cake breaker, 1527-1537
... cake breaker, Ransome and Sims', 1534-1537
... can, the, 1784
Old English bond for brick walls, 227
One-horse thrashing-machine, 1295
... row turnip-Heed sowing-barrow, 1000-1002
Ord's " Kilinory " wooden trussed gate, 255
Ornamented diagonals, false and true, 14, Li
Oscillating churn, the, 1606

engines, 2099

Pail, the milk, 1751
Painting of gates, 265.

Paling, the common wooden, 1872
Palmer's rotatory corn-separator, 1341-1343
Parallel-bladed tumip-ohopper, the, 1746

ruler for formation of mould-boards, 63>.',

632
Paring implements, 1118-1120

ploughs, 740-743
plough, Leicester, 742

Parkes' digging-forks, 1079
a patent spade, 1077
Patterns, various forms of joints for, 287
Pawl and ratchet-wheel, 404
Payne' 8 process for preserving wood, 83
Peat-tile spade, 1116
Pedestals or plummer-blocks, details of, 3S5, 386
Permanent load of cast-iron beams, rule for, 366
Perreaux's India-rubber pump-valve, 1883
Pick, the foot, 1082
Pick, the hand, 1081
Pickers, turnip, 1739, 1740
Pickling apparatus for wheat, 1128
Piers in brick walls, 224
Pig's trough, the round, 1868

the subdivided, 1869
Pillar, see Column
Pillars, cast-iron, hollow, role to ascertain the
weight which they will support, 312
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Pillars, cast-iron, solid, rule to ascertain the

weight which they will support, -ILL

hollow, breaking-weights of, 370
limit of height of, 3M
oak, compressile strain on, 301
timber, rule to find dimensions of, 29S

Pinching-screws for pulley-wheels, 42(3, 427
Pine, red and yellow American, properties of,

68-60
weight of, 308

Pipes, joints of steam, 2043-2051
Piston of force-pump, 1891

pomp-plunger or, 1889

Pistons of steam-engines, 2103-2106
Pitch-chains of the Scotch thrashing-machine,

1282, 1293
Plain-roller corn-bruiser for power, 1520-1522
Plain wheel-edged corn-bruiser, 1519
Planking of drains, the, 1102
Plates, wrought-iron, breaking-weight of, L2ii

Platform corn-box for sheep, 1843, 1844
Plough, 558-845

action of, 601=645
analyses of various mould boards of the,

638-647
angle of draught of the, 775
Belley on the, 5665
bean-sowing drill, the, 1020-1022

caschrom, 562
component parts of the, 563
concave and convex mould-boards of the,

568
data in which the details of, are varied,

672. 573. 574
the doublo mould-board, 719

.„ the double mould-board, for drilling land,

722-724
draught of the, 774-789
East-Lothian. 570

analysis of mould-board of,

641
body of, 582
bridle or muzzle of. 3$0-5i>6

ooulter of, 577-595
coulter-box of, 5HZ
details of, 5I5z5M
details of body-frame of,

590. 591
details of land-side of, 597
dimensions in breadth of,

5M
dimensions of framework

of, 538
general dimensions of, 581
heights of, 5S2
mould- board of, 578
position of handles of, 585
right handle of, 576
share of, [M2
share or sock of, 57.9

sole-shoe of, 524
effect of wheel, on draught of, 778-782

for lifting potatoes, 730 *

,
graip for lifting potatoes, 735-787

,

H. ward's, analytical section of mould-
board of, 681

beam of, 669
body of, 611
bridle of, 680
chain-rod of, 679
ooulter of, 674
drag-chain of, 675
general dimensions of, 668
land and furrow wheels, 677
mould-board of, 672
skim coulter of, 676

2

Plough, Howard's, sock or share of, G7_3_

stilts of. 670
harness, the, 1075
historical notes on the, 558-568

Lanarkshire, the, 5J_1

i analysis of mould-board of,

general dimensions and
heights of, 599, <M

paring, 740-743
paring, Leicester, 742
reins, 1075
Rotherham, the, 563
slide, the, 1078
small, the, 717
Small on the, 5&4
snow, Hepburn's mountain turn-wrist,

748-749
staff, the, 1071
steam, Fowler's, 835-845
steam, Heathcoat's, 808-812
steam, Lord Willoughby de Eresby's,

813-814
steam, Marquess of Twoeddale's, 815-834

subsoil trench, Tweeddale, details of,

707-716
swing and wheel, investigation into opera*

tion of, 783-789
trench and subsoil, 682-716
turn -wrist, action of, 729
turn-wrist, Wilkie's, 727
Tweeddale, details of, 686-706

mould-board of, 691
wheel, Howard's, details of, 666-681
Yester, experiments upon tho draught

of, 790-793
Ploughing, •team, 794-845

matches, principles of conducting, 632
Plumb-level, drainers, 1094
Plunger-chum, the, 1594, 1595

• with hand-power machine, 1597-
1608

with horse-power machino, 1604,
1605

pump or piston, 1883, 1884
Plunket's reaping-machine, 1185
Pole-plate, shoe for the reception of, Sol

Poles, foering, the, 1074
Portable combined thrashing-machine, 1303-1321

drain screen or harp, the, 1106
engine, Haywood's, 2090
engine, Ransomo and Sims*, 2091
engine, Tuxford's, 2086-2089
lever weighing-machine, 1360-1362
thrashing-machine, Dray's two-horse,

1302
thrashing-machine, Dray's four -horse,

1321

English, 1296-1303
Garrett's 1305-1309
Hornsby's, 1310

steam-engines, 2084-2095
Potato brander-shovel, the, 1724

digger, Hanson's, 738, 739
lifter, Lawson's brander, 732 734
basket, 1724
graip, the, 1723
harrow, the, 895-897

Potatoes, plough -graip for lifting, 735-737
ploughs for lifting, 730

Power of engines, construction of, 2123-2128
horse, 1899-1920
steam, 1951
water, 1921 1950
wind, 2143-2146

Practice of construction, 193.
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Practice and theory, union of, 2£L39
Preservation of implements and machines in the

steading, 2167-2178
of iron-work, 104

Press, cheese, the, 1613-1620
the, combined lever, 1617-1620
the stone, 1614, 1615

Pressor roller, the, 915-921
Pressure, direction of, in carpentry, 2Q

as inclination of beams, 1£2
high and low of steam, 1956
unequal, with unequal inclination of

two beams, liili

Press-wheel roller, Cambridge's, 926
Price of Anthony's American dasher-churn, 1593

Barnard and Bishop's mixed mesh-wire
game netting, 1833

Barnard and Bishop's sheep hurdles, 1831
Bell's reaping-machine, 1206
Bentail's root-pulper, 1506
broadcast sowing-machine, 958

, bullock-holder, 1793
Cambridge's press-wheel clod-crusher, 926
cart steelyard, 1460
cattle probang, 1799
cattle trochar, 1801
Chambers's broadcast manure distributor,

1069
Chandler's liquid-manure drill, 1046
Coleman's cultivator, 871
combined lever cheese-press, 1620
common and patent scythe, 1627
common wooden paling, 1 872
cream-jar, 1767
cream-skimmer, 1766
cross tumip-chopper, 1744
Crosskill's clod-crusher, 924
curd-breaker, 1775
depositor, dibble, or grain-planter, 1040
disc straw-cutter, 1464
Dray's Hussey's reaping-machine, 1223 ...

undor-foot horse-works. 1913
, East-Lothian drill sowing-machine, 967

turnip drill, 992
Garrett's horse-hoe, 937

Suffolk lever corn-drill, 979
Gilbert's sack-lifter, 1722
( i Wynne's turbine, 1950
hand corn-bruiser, 1517

lever turnip slicer for cattle, 1737
straw or hay cutter, 1732

Hartas' inclined-plane horse-works, 1920
hedge-bills and axe, 1874
horse-rake, 1142
iron rick-stand, 1656
iron rick-stand pillar, 1655
iron-wire riddles for wheat, barley, and

oats, 1688-1692
iron-wire sieve, 1694
James's liquid-manure cart, 1057
Keevil's cheese making apparatus, 1612
Kirkwood's wire sheep fodder-rack, 1845
land-roller, 912
lantern, 1784
lever drill sowing-machine, 971
linseed-bruiser, 1538
liquid-manure cart, 1055
M'Cormick's reaping-machine, 1231
Macpherson'8 portable sheep-hurdle, 1837
milk-dishes, 1/55-1759
milk-sieve, 1765
Nicholson's hay-tedding machine, 1175
oil-cako breaker, 1531

°J£
a clceed boiler steaming appara-

plain- roller corn-bruiser for power, 1522

Price of plunger-churn with hand-power, 1608

potato-graip, 1723
presser-roller, 921
punching nippers, 1 854

Ransome and Sims' oil -cake breaker, 1537

Read's stomach-pump, 1804
Richmond and Chandler's steaming appa-

ratus, 1560
rick-cloth, 1176
Robinson's root-washer, 1511

root-grater, Bushe and Barter's, 1 502
Samuelson's hand-lever turnip-alicer, 1738

Gardner's turnip-cutter, 1499

scull-basket, 1749
scythe-stones, 1629
scythe strike or strickle, 1631
Sidey's drop-drill, 1031

Smith and Ashby's hay-tedding machine,
1164

Smith and Co.'s steaming apparatus, 1562
Smith's counterbalance horse-rake, 1148

drop drill, 1032
steerage horse-hoe, 983

straw-rope spinner, 1671
swing-trees, wooden and iron, 762
Thompson's hay-tedding machine, 1171

three-row bean-drill, Kemp, Murray, and
Nicholson's, 1028

Turner's roller-mill, 1526
turnip and bone-dust machine, 1009
turnip-trimming knife, 174S
wechts or maunds, 1697
Whitworth and Eastwood's compound-

action churn, 1583
Williamson's »ix-horse vortex-wheel, 1946

, wooden riddles for wheat, barley, oats,

beans, and roughs, 1683-1687
wooden sieves, 1693
wool shears, 1653
Young's wire-netting, 1832

wrought-iron hurdles, IS30
Priming, apparatus for prevention of, 2041
Print-mould and hands for butter, 1769
Prismatic stack-boss, 1662

Probang, the cattle, 1797-1799
Prony's friction-brake dynamometer, 520_

Properties of steam, 1953-1968
Proportions of boilers, 1985-1987

of chimney for boiler furnace, 19SS
Pulleys, fast-and- loose, 418.

for shafts, varieties of, 294
to find the velocity of the circumference

of,4JZ
to proportion the diameter of, 442

Pump, centrifugal, the, 1893
Clarkson's square, 18S4
farm hand, GWynne's, 1892
force, 1885-1888
force, air-vessels of, 1890, 1891
plunger or piston, 1889
stomach, Read's, 1802-1804
suction, the, 1890
valve, India-rubber, Perreaux's, 1883

Punching nippers, the, 1854
Pushing drain-scoop, the, 1101
Puxsolano, artificial, 2!ii

cement, 2ti&

Pyramidal stack-boss, 1661

Qualities of stone, determination of, fi£

Quarry hammer and jumper, 1086
Quoins in brick walls, £il

Rack, sheep, straw or hay, 1846, 1847
straw, for sheds, 1/90
straw, iron, 1789

\oo
t
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Rack, straw, wooden, 1788
wire sheep-fodder, Kirkwood's, 1845

Rafters, junction of tie-beam with, 283, 234
" shoe " for the reception of, 313

Railway, endless, BoydelTs, 2092-2095
Rake, drain-stone, 1109

hand, tubular iron, 1636
hay, the hand, 1635
horse, the, 1138-1142

stubble, the hand, 1650
Bakes, hay, faulty and correct methods of con-

necting the handle and head of, IB
Ram, the hydraulic, 1896-1897
Ranken'a corn-cleaner and smut-machine, 1349
Ransome and Sims' barley-roller, 914

humme Her, 1348
oil-cake breaker, 1534-1537
portable engine, 2091
iron whipple-trees, 763

Ratchet-wheel and pawl, 404
Read's stomach-pump, 1802-1804

subsoil plough, 6H3
improvements on, 684, 685

Reaping, corn, machines, 1181-1231

Reaping-machine, Bell's, 1206-1215
Boyce's, 1184
Dray's Hussey's, 1217-1223
Gladstone's, 1186
Kerr's model of, 1191
M'Cormick's, 1220-1231

Mann's, 1197-1205
Ogle and Brown's, 1189
Plunket's, 1185
Salmon's, 1187
Scott's, 1183
Smith's original, 1194
Smith's improved, 1195

Reaping-machines, historical notes on, 1181-1183
Reaping-scythe, the common, 1644
Rectangular and crested furrow-slices, compari-

son of, 624-681

Rectangular furrow-slice, 613
harrow, 879, 880

Red pine and American, properties of, 58-60

column, strength of, 153.

weight of, 3M
Resiliency of beams, 114. 115
Resistance to compression in materials, HI

to tension in materials, 112
Resolution of forces, 159
Retort, duplicate, boiler, 1984
Reversing gear of steam-engines, 2112
Revolutions of wheels and pulleys, to find the

number of, 448
Reynolds' spiral wire-work, 1835

Rhomboidal harrow, wooden, 881-886

iron harrows, 887-889

Ribbing coulters, the, 725, 726
Richmond and Chandler's iron web harrow, 893

steam apparatus, 1559
straw-cutter, 1467

Rick-cloth, the, 1176-1180

Rick-stand, iron, 1656,

iron, clip for, 1657
pillar, 1655

Riddle, barley, of wood, 1084
bean, of wood, 1686
iron-wire, for barley, 1689
iron-wire, for oats, 1691

iron-wire, for wheat, 1688
for roughs, of wood, 1687
oat, of wood, 1685
slap, 1692
wheat, of wood, 1683

Riddles, 1681-1692

Riga fir, woight of, 3£!fi

Rigid strength, form of, 12
Ring, the bull's, 1796

\

Rise of arches, 23Z
Rivets, 42Q

counter-centring for, 423
Mr Fairbairn's remarks upon, 421
tables of strength of various sizes, 452

Riveted joints, double, breaking- weight of, 422
single breaking-weight of, 422

Robertson's improved corn and hay cart, 1445
Robinson's root-washer, 1507-1511
Rods, connecting, 408- 410
Roller, barley, Ransome and Sims', 914

effects of motion of the simple, 429
land, the, 908-913
mill, Turner's, 1523-1526
pressor, the, 915-921

Rollers, land, 908-926
Roinaine's rotatory cultivator, 803-807
Roman cement, 2M
Roofs, wroupht-iron joists used in tho construc-

tion of, 3JLL362
Rook-battery, the, 1877-1881
Root-grater, Bushe and Barter's, 1500-1502
Root-pulper, Bentall's, 1503-1506
Root-washer, Robinson's, 1507-1511
Rope, coil of, cart, 1674

straw, coiled, 1672
the straw, spinner, 1667-1670

Ross's moss-extirpating harrow, 902 904
Rotatory cultivators, 796

cultivator, Romaine's, 803-807
Rotherham plough, the, 563
Roughs, riddle for, of wood, 1687

riddle for, of iron wire, 1692
Rubble, backing for ashlar stone-work, 226

filling-in of ashlar stone walls, 222
stone-work, 225

Rules for constructing rectangular harrows, 886
for dimensions of *' binding-joists," 30*
for dimensions of flooring, 302
for dimensions of trimmer or bridle, 303
for girders of double-framed flooring, liliii

for strength of swing-trees, 752-758
to ascertain the form of beam to resist

strains, 131
to ascertain the pressure at the point of a

beam, 140
to ascertain the pressure on beams at differ-

ent points, 1 38
to ascertain the units of strain at different

points, L41
to calculate pressure on safety-valve, 2027
to calculate results of Prony's friction-brake.

5M
to determine the weight of a fly-wheel, 450.

to find the approximative moan effective
pressure of steam, 2131

to find the approximative power of steam-
engines, 2132

to find the dimensions of a cylindrical boiler.

2009
to find the dimensions of pillars, 298.

to find the offective power of steam-engines,
2128

to find the horse-power ofa cylindrical boiler,

2007
to find the horse-power of a Cornish boiler,

2008
to find the power of crank steam-engine,

2063
to find tho revolutions of wheels and pulleys,

448
to find the velocity of the circumference of

pulleys and wheels, 447
to proportion beam, loaded at one end, 134
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Rules to proportion share, £15
for breaking-weight of timber beams, 292,

297, 299

for dimensions of beams and columns,
303-372

for dimensions of timber, 305
to ascertain dimensions of various parts of

flooring, 302-307

to calculate strains for iron shafts, 438
to determine the quantity delivered by a

stream to work a water-wheel, 1923-1926

to proportion the diameter of pulleys, 442
to proportion the diameter of toothed

wheels, 443, 444

Running balance - yoke for swing-trees for four

horses, 771, 772
Husky, the seed, 1129

Sack, barrow, the, 17151716
lifter, the, 1721
flllerand lifter, Gilbert's. 1722

Sacks of corn in a barn, 1713, 1714

of corn, lifting of, 1717-1720
Bafoty-valve, 2026

rule to calculate pressure on, 2027,

2029
St Petersburg battens, properties of, 58
Salmon's reaping-machine, 1187
Samuolson's nand-lever turnip-slicer, 1 738

Gardner's turnip-cutter, 1495
Sands used for mortar, 2Qu
Sandstone, varieties of, £3.

Sandstones, mode of choosing, 51
properties of, 52

8carf-joint for timber, 267-270

Scarf-joints for timber, proportions of, 272
Scoop for filling water-barrels, 1136

draw-earth drain, 1097
pushing drain, the, 1101

Scoops, wooden, 1702-1704
Scotch fir, properties of, 59± till

weight of, 30i4

Scotch thrashing-machine, 1237-1293
Scott's reaping-machine, 1188
Screon of the Scotch thrashing-machine, 1277
Screws, punching, for pulleys, wheels, 426, 427

Scufflere, 941, 942
Scull-basket, the, 1749
Scythe, the common and patent, 1626

cradle, the, 1645-1648
.'. reaping, the common, 1644

stones, the, 1629, 1630
strike or strickle, the, 1631

Seasoning of timber, 67.

Seed and manure sowing-drill, Garrott's, 1010-

1014
Soed-rusky, the, 1129
Sot-off in stone walls, 213.

Shafts, bearings for, details of, 383-393

bosses of, 215
brackets for supporting, 392
"collars "of, 3/5
gudgeon for cast-iron and timber, 313
hollow cast-iron, 319
horizontal hangers or gallows for, 280
journals, proportion of, 441

lubricator for, 40_9_

ying, strain to which they are liable, 432
pulleys for varieties of, SUA
sliding-clutch for, 414
universal or swing-joints for, 381,382
varieties of, 3Z5
varieties of couplings for, 380
vertical and horizontal, 377

steps for, 3S7-3B9
wrought iron, £8

Shakers of tho Scotch thrashing-machine, 1251

,

1273, 1291
Share of East-Lothian plough, details of, 592

office which it has to perform, Mfl
or sock of East-Lothian plough, 579^5^2

or sock of Howard's plough, 673
position of feather in, and action of, 611, fill

rule to proportion, 615
sock-plate for, 593
of Tweeddale plough, 693

Sharman's tubular iron hand-rake, 1636
Sheaf-gauge, the, 1649
Shears, the wool, 1853
Sheep, corn-trough for reeding, 1842

fold hurdles, Barnard and Bishop's, 18S1

gridiron horizontal turnip-slicer for, 1484

hurdle, Macpherson's portable, 1836-1839

lever turnip-slicer, 1477-1483
nets and stakes for, 1811-1822
platform corn-box for, 1843, 1844
turnip-sheers for, 1475-1499
turniptrough for, 1841
wheelbarrow turnip-slicer for, 1489-1492

wire fodder-rack for, 1845
wooden hurdles fur, 1805-1810
wooden straw or hay rack, 1846, 1847

Sheers, to distinguish the parts of, whether *truU

or ties, 177-1 80
Sheet, sowing, the, 1130-1132
Shepherd's crook, the, 1840

knot, the, 1815
wooden mallet, the, 1820

Shoe, cast-iron, for the reception of girders, 345

cast-iron, for the reception of pole-plate,

351 .

cast-iron, for that of wall-plates, 315
for tho reception of purlins, 352
for the reception of rafter, 34*
for the reception of struts, 347
for the reception of straining-beam, 25_>

for strut and queen-bolt, 24J4

Shoos for cast-iron girders, 312
Shoulder-slings, correct position of, 506
!S In i vol, the broad-mouthed, 1113

ditcher's, the, 1078
frying-pan, the, 1 107
the potato-brandcr, 1724

Sickle, "dinging-in" and "bagging," mode of

using the, 1643
Sickle, smooth-edged, the, 1640

grinciple of the curvature of, 1642
orby's cast-steel toothed, 1638

the toothed, 1638
Sieve, iron-wire, 1694

wooden, 1693
the milk, 1765

Sienite, or syenite, properties of, 50
Single flooring, construction of, 212
Skew-backs in window openings, 238
Skim-coultor of Howard s plough, 676
Slap-riddle, 1692
Slate, Welsh, variety of, 12Q
Slide for the plough, 1073

for stones, 1085
Sliding-clutch or gland for shafts, 414
Slight s dynamometer, 515, 516
Small on tho plough, 564
8mall plough, the, 717

plough, ribbing with, 718
Smith and Ashby's hay-tedding machine, 1 156

and Co.'s steaming apparatus, 1561, 1562

Smith's counterbalance horse-rake, 1143-1148

improved drop-drill, 1082
improved reaping- m.-u-h me, 1 195, 1196

iron-web or disc narrow, 892
original reapmg-machine, 1194
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Smith's steerage horse-hoe, 931-934

water-gauge for boilers, 2015
Smoke-consuming furnace, organd, 1999

consumption or prevention of, 1998-2005

Smokeless furnace, 2010
Smooth-edged sickle, the, 1640
8mut-machiae and corn-cleaner, Ranken's, 1349
Snow-harrow, the, 906, 907

plough, mountain turn-wrist, 748
Sock plate tor share, iAlA

of the Tweeddalo subsoil-trench plough, 710
Soil, cultivation of, manual implements connected

with, 1070-1136
Sole-shoe of East-Lothian plough, 5! '4

Solid-manure distributors, 105$-1069
Soot-sowing machine, Main's. 1062-1064
Sorby's cast-steel toothed sioklo, 1639
Sowing apparatus, double-bandod, 1134, 1135

basket, the English, 1133
drill, bean or bean-barrow. 1014-1019

drill-drop, Chandler's, 1034
machines and manure-distributors, 943-

1009
machine, broadcast, the, 943-959

machine, East-Lothian drill, 963-967
machine, the corn-drill, 968-971

or drop-drill sowing-machine, 1029-1030

sheet, the, 1130-1132

soot, machine, Main's, 1062-1064
Spade, butter, the, 1763-1770

common, the, 1076
drain, the narrow, 1096
dung, the, 1776-1777
flauchter, the, 1119
hedge, the, 1120
horizon till, the, 1114
Parkes* patent, 1077

< peat-tile, the, 1115
Span of arches, 237
S;>elter, properties of, 108
Spindle-guide,

Spinner, tho straw-rope, 1667-1670

Spiral wire-work, Reynolds', 1835
Spirit-level, the, 1091
Spring-hook swivel, 1795

safety-valve, 2030
Springs, effect of, on carnage*, ii0H

effect of, on loaded carriages, 509

Square pomp, Clarkson's, 1886

Stack -boss, of straw, 1663
prismatic, the, 1662
pyramidal, the, 1661

Stack-boises, 1660-1663

stathel, the wooden, 1652-1654

the iron, 1656 •

trimmer, the, 1659 •

Staff-plough, the, 1071

Stake-and-rice fence, 1871

Stakes and nets for sheep, 1811-1822

Stathel for stacks, the woodon, 1652-1651

the iron, 1656

Stays, importance of a knowledge of the prin-

ciples of, 14

8teading, arrangement of machines in the, 2148
Steam, high and low pressure, 1956

latent heat of. 1954
mechanical effect of condensation of, 1960
mechanical effect of expansion of, 1962

mercurial gauge, 203(5, 2037
or stop-valve, 2052, 2058
pipes, joints of, 2043-2051

ploughing, 794-845

plough, Fowler's, 835-045

plough, Heathcoat's, 808-812

plough, Lord Willoughbv de Eresby's, 813
plough, Usher's, 797-802

Steam plough, Marquess of Tweeddale's, 815-834
power, 1951
pressure-gauge. Bourdon's, 2037
properties of, 1953-1968
table of the economy of, for raising, 1964
table of elasticity and temperature of, 1953
for agricultural purposes, 2136, 2137
effect of impurities in water on the pro-

duction of, 1959
efficacy of fuel in raising, 1963-1968

Steam-engine, condensing, 20o7-2060
crank, the, 2061-2078
crank, details of, 2108-2111
"duty" of, 2130
governor, 2107
indicator, 2126-2128
piston-lubricator, 2115-2117
rule to find the power of, 2063
setting down of, 2071
stopping and setting on of, 2076

Steam-engines, details of working parts of, 2101
direct-acting, 2096-2101
estimation of power of, 2123-2128
expansive working of, 21, 22, 22
fixed, 2136-2143
forco-pump of, 2113, 2114
oscillating, 2009
pistons of, 2103-2105
portable, 2084-2095
reversing gear of, 2112
rule to find the approximative

power of, 2132
rule to find tho effective power of,

2128
throttle-valve of, 2106
varieties of, 2055-2100

Steaming and boiling apparatus, 1540-15(19

apparatus, closed boiler, 1545-1556
open boiler, 1542-1545
Richmond and Chandler's,

1559, 1560
Smith and Co.'s, 1561, 1562

Steelyard, tho cart, 1 452-1 4f>0

Steerage horse-hoe, Smith's, 931-934
Steps for vertical shafts, 387-389
Stern of the Twoeddale subsoil-trench plough.

712
Stevens' regulating air-door for furnaces, 2001

smokeless furnace, 2001
Stilts of East Lothian plough, 575

of Howard's plough, tjJO

of the Tweeddalo plough, 688, 689
Stirling's patented mixture of wrought and cast

iron, 95.

Stirling's running balance-yoke for swing-trees for

four horses, 771, 772
Stomach-pump, Read's, 1802-1804
Stone cheese-press, the, 1614, 1615

float water apparatus for boilers, 2012, 2013
slido, 1085

Stone walls, footings of, 213=216
Stones, classification of, used in construction, 40
Stones, sevthe, the, 1629, 1630
Stones, table of the crushing-weights of, 119
Stool, barn, the, 1700

bathing, the, 1851
the milking, 1752

Strain, units of, \ ''•.'>

Strains to which beams are subjected, 117
Straw-cutter, the disc, 1464-1466

Richmond and Chandler's, 1467
Straw-cutters, 1461-1473
Straw-fork, the, 1632

the Lincolnshire steel, 1633
or hay cutter, hand, the, 1729-1732
or hay rack for sheep, 1845, 1846, 1847
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Straw-rack for sheds, 1790
iron, lim
wooden, 1788

rope ooil, of, 1672
Bpinner, 1667-1670

stack boss, 1663
Strength, form of rigid, 12

of iron castings, 9_7_

of materials, I OH- 11

1

Stretcher in stone bond, 222
in brickwork, 231

Strickle or strike, the scythe, 1631
Strikes, corn, 1710-1712
Strut and tie, axiom on, 16-20

Struts and ties, distinction between, 174-177
cast-iron, shoe for the reception of, 347

8tubble-rake, the hand, 1650
Subsoil-plough, Read's, 683

ploughs, trench and, 682-716
trench-plough, Tweeddale, details of, 707

Suction-pump, the, 1882-1885
Swedish plank, properties of, 5fi-fl0

Swing and wheel ploughs, investigation into
operations of, 783-789

Swing-tree, trussed iron, 759-761
trees for two horses, 750-758

for three horses, 764-769
for four horses, 770
for six horses, 773
rule for strength of, 752-758
Whipple- trees, or draught-bars, 750

Swivel, the spring-hook, 1795
Syringe, the ball, 1866

Table of breaking-weights and elastic strength of,

timber, 122
breaking-weights of singlo and double

riveted joints, 422.

coefficients of friction under pressures,m
coefficients of friction with unguents, 4j$Q

diameters of cast-iron pillar-shafts to
resist lateral stress, 439

diameter of shafts to resist torsion, 432
dimensions of various floorings, 246
friction of axlos in motion, 4o2
mechanical effect producible by men or

animals, 415
Mr Fairbairn's mixtures of cast-iron, 24
proportions of nuts and bolts, 419
strength and properties of various quali-

ties of cast-iron, 124
strength of different forms of beams, 145
temperature and elastic force of steam,

1953
the comparative evaporative powers and

cost of various fuels, 1967
the cohesive strength and resistance to

compression of timber, 121
the crushing-weights of stones, 119
the economy of raising steam, 1964
the proportions of toothed wheels, 445
the qualities of different classes of

building-stone, 5b'

the strength of rivets in sizes, 452
the tensile and crushing force of iron, 125

Tail-board for drain-stones, 1106
ofthe Tweeddale subsoil-trench plough

,

711
Tennant's grubber, 864-868
Tensile strain in materials, 112
Tension, resistance to, in materials, 112
Testing of wrought-iron, limits of, 130
Theory and practice, union of, 29-31
Thompson's drainage-level, 1092

vortex-wheel, 1944, 1945

Thompson's hay-tedding machine, 1165-1171
workman's bevel, 1095

Thrashing-machine, American, 1322
fanners of the, 1336
fixed, Clayton and Shuttlc-

worth's, 1314-1319

one-horse, 1295
Scotch, 1237-1294
Scotch, chain-gearing system

of the, 12S9
Scotch, details of the frame-

work of, 1241, 1242
Scotch, drum, 1261-1290
Scotch, drum-cover, 1267
Scotch, elevators, 1284
Scotch, fanners, 1281
Scotch, feeding-gear of, 1245
Scotch, feeding-rollers, 1257
Scotch, gearing of, 1243
Scotch, gearingof drum, 1250
Scotch, gearing of the eleva-

tors of, 1254, 1255
Scotch, gearing of the fan-

ners of, 1252, 1253
8cotcb, gearing of shakers,

1251

8cotch, great hopper, 1282
Scotch, pitch-chains, 1292
Scotch, screen, 1277
Scotch, second fanners, 1286

Thrashing - machine, Scotch, shakers of, 1273-
1291

Scotch, the toothed - wheel
system of, 1244

Thrashing-machines, 1232-1322
historical notes of, 1233-1237
English and Scotch, compa-

rison between, 1296-1301
Three-pronged dung-graip, the, 1779

row bean-sowing drill, 1023-1028
Throttle-valve, 2106

levor, 432
" Through " in stone-band, 222
Throw-crook, the common, 1664
Tidmarsh's hand-lubricator, 422

self-acting lubricator, 4J_I
Tie, principle of the, 181, 182
Tie and strut, axiom on, Ui-2"
Ties and struts, distinction between, 174-177
Tie-beams, junction of rafters with, 2M

•

:
junction of, with wall, 2i2

Tie-rods in girders, Mr Fairbairn's remarks, 312
in girders, placing of, 318

Tile-peat for drains, 1116
Tilt-cart, •construction of, 1408-1427
Timber, breaking-weight and elastic strength, 122

felling of, time for, fifi

framing, joints used in, 266-2S8
framing, construction of, 21i
home, 59.

hot-air dedication of, 7_0_

natural seasoning of, ££
right and wrong methods of cutting, 290
scarf-joints, proportion of, 222
seasoning of, 6J_

table of the tensile strains of, 121
varieties and properties of, 58-67
water-seasoning of, 69

Timbers, best mode of sawing of, 259
Tools, draining, 1090-1117
Toothed sickle, the, 1638

wheels, cogs of, 401^03
mode of setting out, 39tj.&'9

rules for dimensions of, 14»j

system of the Scotch thrashiDg-
machine, 1244

/
Google
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Toothed wheels, table of the proportion of, 115
Topping and tailing of turnips, 1741
Tops or framework of hay and corn cart, 1437
Torsion, tablo of diameters of shafts to resist,

"431)

Trace- chains, the, 1075
Transverse strain, resistance to, in materials, 112
Trap, the mole, 1876
Trap or greenstone, properties of, 51
Trench and subsoil ploughs, 682-716
Trenching.forks, 1080
Triangle, properties of, as applied to the con-

struction of framing, U
Triangular drill harrow, 898
Trimmer, the stack, 1659
Trimmers, construction of, 214.

rule for dimensions of, 303
Trimming-knife, turnip, 1742
Trochar, the cattle, 1801

the, for hydatids, 1857
Trough, corn, for feeding sheep, 1842

the pigs' round, 1868
the sutxiivided pigs', 1S09

turnip, for sheep, 1841
turnip, for courts, 1785

Troughs, water, for cattle, 1786-1788
Trowel, drain, the, lu99
Truss, analysis of the composition of a, 18t3-191

elements of, in a field-gate, 2^ii

essential feature in all framing, 183-185

principles of the, 182
proportioning of the strains of, 192

Trussed girder, 215.

iron-gate, 33K
iron swing-tree, 759-761

iron whipple-trees, 763
Tubular boiler, vertical, 1980-1983
Turbine, Fourneyron's, 1943

Gwynnes, 1947-1

Turbines, 1938-1950
historical notes connected with, 1 1*39

Turn-wrist plough, Wilkie's, 727
Turner, cheese, the, 1621-1624
Turner's roller-mill, 523
Turnip-chopper, the cross, 1744, 1745

parallel-bladed, the, 1746
Turnip-cutter, Gardner's, 1494

Samuolson's Gardner's, 1405
Turnip-drill, East-Lothian, the, 986-993

two-row on wheels, 998, 999
Turnip-drills, 980-1009
Turnip fly-catcher, 1126, 1127
Turnip-pickers, 1739-1740
Turnip seed-sowing barrow, one-row, 1000-10H2

and bone-dust drill, the, 10U3-1009

Turnip-alicer for cattle, hand-lever, 1733-1738

gridiron, horizontal, for sheep, 1484
lever for sheep, 1477-1487
wheel-barrow, for sheep, 1489

Turnip-slicers, 1474
cylinder, 1493
for sheep, 1475-1499

Turnip-sowing drill, Geddes's, 994-997
trimming-knife, 1742
trough for sheep, 1841
troughs for courts, 1785

Turnips, implements for topping and tailing, 1741
Tuxford's portable engine, 2U86-2089
Tweeddalo, Marquess of, his steam plough, 815-834

Tweeddalo plough, analytical section of mould-
board of, 703

beam of, 687-690
bridle of, 694
coulter of, 692
details of, 686-706
dimensions of height of, 706

Tweeddalo plough, general dimensions of, 696-702
land-side of, 695
stilts of, 688
sock or share of, 693

Tweeddalo subsoil-trench plough, action of, 715
bridle of, 714
details of, 707
dimensions, 708
under-side, 710
pulverisation by

the, 716
stem of, 712
stilts of, 709
tail-board, 711
wheels of, 713

Two-row turnip-drill on wheels, 998, 999
wheeled cart, line of draught of, 503, 501

Under-foot horse-works. Dray's, 1912, 1913
Unguents, friction of axles with different, 461-462

Universal joint for shafts, 3S1,

Usher's steam-plough, 797-802

Valve, "lap " and " lead " ofsteam, 2120-2123
"long D," 2058
safety, 2026
safety, Fairbairn's lock-up, 2033

Nasmyth's absolute, 2035
spring safety, 2030
stop, 2052, 2053
throttle, 2106

lover of, 432
Values, relative, of Scotch and English irons, 98
Ventilating buckets for water-wheels, 1936, 1937
Vertical tubular boiler, 1980-1983
11 Voids " or window openings, 235
Vortex-wheel, Thompson's, 1944, 1945
Voussuirs of arches, 237

Waggon, English farm, 1447-1451
Waggons, cart*, 1363-1451
Wails, brick, classes of, 227
Wall-plates, cast-iron shoe for the reception of,m

junction of, with tie-beams, 282
notching of, 281

Waller on steam to agricultural purposes, 2134
Water, to regulate supply of, to boilers, 2012

».. . barrels, scoop for filling, 1136
brush, the, 1862
cart, the, 1047

•". drop drill, Chambers's, 1035, 1036
effect of impurities of, on production of

steam, 1969
gauge for boilers, 2014

Smith's, for boilers, 2015
heating apparatus for boilers, 2019
in boilers, quantity of, 191«J

metre, the drain, 1117
seasoning of timber, 62
troughs for cattle, 1786-1788
wheel, 1922-1926

bucket, 1928-1985
classification of kinds of, 1922
formation ofdam of, 1927
rules to determine the quantity

delivered by a stream to work, 1923-1926
wheels, ventilating-buckets for, 1936, 1937

Wechts or maunds, 1697
Weod-hook, the, 1122
Weighing-machine, balance, 1855-1359

machine, portable lever, 1360-1362
machines, barn, 1352-1362

Weights which pillars will support, 371-372
Wheat, pickling apparatus for, 1128

riddle of wood, 1683
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Wheat, riddle of iron-wire, 1688
Whool and axle combined, 481, 482

and swing - ploughs, investigations into
operations of, 788-789

barrow, the common, 1747
turnip-sheer for sheep, 1489-1492

bevelled, mode of sotting out of, 405
bucket, water, 1928 1935
cart, disposition of the load of, 493, 494
horse, 1900-1911

calculations connected with, 1904
lever for equalisingdraught of, 1910
to secure the collar-beam of, 191

1

ring-chain and pulloysof, 1907- 1909
plough, Howard's, details of, 606-681
ratchet, 404
theory of the carriage, 4!J5

water, 1922-1938
classification of kinds of, 1922

Wheels, carriage, effects of resistance from ob-
stacle*, 4SS

friction of, in relation to load,

487
mechanics of, 478-492

construction of, 1364-1380
curves by the revolution of carriage, 484
effect of, on draught of ploughs, 778-782
fly, principles of action of, 434-436
land and furrow, of Howard's plough, 677
toothed, mode of setting out, 396-399
to proportion the diameter of, 443

Whin-bruiser, 1859, 1860
cutting machine, 1 473

Whipplo-troes, iron, Ransome and Sims', 763
on swing-trees, 750

Wilkie's turn-wrist plough, 727
Williams' argand smoke-consuming furnace, 1!>99

Willoughby d'Eresby's, Lord, steam plough, 818
Wind-mills, farm, 2145, 2146
Wind-power, 2143 2146
Window-openings, 235
Wire-netting, Barnard and Bishop's, 1S33

Young's, 1832
Wire sheep fodder-rack. Kirkwood's, 1845
Wire-work, spiral, Reynolds', 1835

Wood, chemical, composition of, 71
durability of, and its principles, 74, 75
microscopic investigations of, 73
preservation of, Bethell's process, 82

Burnett's process, 781

::::::::::::::::::::::::::::::

Woods chiefly used for implements, 61
weights of various, 808

Wooden field-gato, the common, 1873
gates, essential features of, '250

hurdles for sheep, 1805-1810
paling, the common, 1872
rhomboidal harrow, 881-eSG
scoops, 1702-1704

Wool-shears, the, 1853
Work, mechanical, or effect, 473
Wrought-iron beam, construction of, 322

Fairbairn'a opinion of, 320

rule, breaking-weight, 367
column, strength of, 153
columns, when not to bo used, 155

elasticity of, 129
hurdles. Young's, 1828-1830
limits of testing, 130
plates, breaking-weight of, 128
properties of, 99
qualities of, 100
roof-joints used in tho construction

of, 354-362
side-gate, 336
uses of, 127

Yellow pine, American, properties of, 58 60
weight of, 308

Y ester, experiments upon the draught of ploughs
at, 790-793

Yorkshire stone, tenacity of, 120
Young's wiro-netting, 1832

wrought-iron hurdles, 1828-1830
side-gate, 336, 337

Zii^ag harrow, Howard's, 900.

Zinc milk-dishes, 1759, 1760
107

THE END.
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ON

AGRICULTURE Affl» RURAL AFFAIRS

PUBLISHED BY

WILLIAM BLACKWOOD & SONS

In Two Volume* Royal 8ro, price «£3 half-bound,

THE BOOK OF THE FARM.
DETAILING THE LABOURH OF THE FARMER, FARM-STEWARD, PLOUGHMAN, SHEPHERD,

HEDGER, CATTLE-MAN, FIELD-WOKKER, AND DAIRT-MAID ; AND FORMING A

SAFE MONITOR FOR STUDENTS IN PRACTICAL AGRICULTURE.

By HENRY STEPHENS, P.E.S.E.

CcrrwpoDding Member of the Sodete Royale et Centrale d'Agriculture of France,

and of the Royal Agricultural Society of Galicia.

A NEW EDITION.
Illustrated with portraits of akkuls painted from the life, engraved on Steel by

•Thomas laxdseer sad others: and with «oo bmrravmo* OM WOOD by braxstov
representing the principal Field Operation., ItnplemenU, and Animal* treated of in the Work.

8UBJECT8 TREATED OP LIT THE BOOK OP THE FARM.

INITIATION.
On the best of the existing methods for acquiring a thorough knowledge of Practical

Husbandry. Difficulties the Pupil has to encounter in Learning Practical Husbandry,
and on the means of overcoming them. The different kinds of Farming, and on select-

ing the best On the Branches of Science most applicable to Agriculture. Persona
required to conduct and execute the labour of the Farm. On tho Institutions of Educa-
tion best suited to Agricultural Students. On the evils attending the neglect of Land-
owners and others to learn Practical Agriculture. On observing the Details and record-

ing the Facts ofFarming by the Agricultural Student.

PRACTICE.
WINTER.

Summary of the Field-Operations and of the Weather in Winter. Plough, Swing-
Trees, and Plough -Harness. Ploughing and Ploughing-Matches. Ploughing different

Forms of Ridges. Ploughing Stubblo and Lee Ground. Occupation of the Steading in

Winter. Pulling and Storing Turnips, Mangold-Wurzel, Carrots, Parsnips, and Cab-
bage, for Consumption in Winter. Feeding of Sheep on Turnips in Winter. Accom-
modation afforded to Cattle in Winter by tho Steading. Roaring and Fattening of
Cattle on Turnips in Winter. Varieties ofTurnips cultivated. Construction of Stables
for Farm-Horses. Treatment of Farm-Horses in Winter. Treatment of the Farmer's
Saddlo and Harness Horso in Winter. Fattening of Swine in Winter. Treatment of
Fowls in Winter. Rationale of the Feeding of Animals. Accommodation of the Grain
Crops in tho Steading. Thrashing and Winnowing ofGrain. Forming of Dunghills and
Composts in Winter. Liquid Manure, and the Construction of Liquid-Manure Tanks
and Carts. Sea-Weed as Manure. Gaulting or Claying the Soil.

Digitized by Google



2 WORKS ON AGRICULTURE, ETC.

Summary of tho Field-f>porations and of the Weather in Spring. Advantages of baring
Field-work always in a state of Forwardness. Calving of Cowb. Milking of Cows. Rear-

ing of Calves. Sowing of Spring Wheat. Drilling up of Land. Sowing of Oats, Beans,

Pease, Tares. Rolling of Land. Lucerne. Transplanting of Turnip-bulbs for produc-
ing Seed. Sainfoin. Lambing of Ewes. Cross-Ploughing Land. Ribbing Land for the

Seed-Furrow. 8owing of Grass Seeds. Sowing of Barley. Turning of Dunghills.

Planting of Potatoes. Paring and Burning the Surface, Farrowing of Sows. Hatching
of FowLs.

BTODHDL

Summary of the Field-Operations and of the Weather in Summer. On the Hay given
to Farm-horses. Sowing and Summer Treatment of Flax—Hemp—Hops—Turnips
— Kohl-rabi—the Cabbage—Mangold - Wurxel—the Carrot—Parsnips—Rape—Buck-
wheat—Sunflower—Madia—and Maize. The Rationale of the Germination of Seeds.

On Sowing Broadcast, Drilled, and Dibbled—Thick and Thin—and at Different Depths.
Repairing the Fences of Pasture- fields. Disposal of the Fat Sheep—and Fat Cattle.

Mares Foaling—Treatment of Bulls in Summer. Pasturing of Sheep and Cattle in

Summer. Weaning of Calves. Pasturing of Farm-horses in Summer. Soiling of Stock
on Forage Plants. Washing and Shearing of Sheep. Rolling of Fleeces, and on the
Quality of Wool. Summer Culture of Beans and Pease. Weaning of Lambs. Drafting
of Ewes and Gimmers. Marking of Sheep—Hay-making. Summer Culture of Wheat
—Barley—Oats—Rye—and Potatoes. Summer Fallow. Reaping of Turnip-seed.
Making Buttor and Cheese.

AUTUMN.

Summary of the Field-Operations and of tho Weather in Autumn. Sowing of the
Stono-Turnip, and on tho Sowing of Turnip for Seed. Sowing of Winter Tares—Rape
—Crimson Clover— Bokhara Clover—Ren Clover for Seed—and Italian Rye-grass.
Picking and Drying of Hops. Sowing of Winter Beans. Pulling, Steeping, and Drying
of Flax and Hemp. Reaping Wheat, Barley, Oats, Rve, Beans, Pease, and Tares, when
grown for Seed. Carrying and Stacking of Wheat, Barley, Oats, Beans, and Pease.

The Common Jerusalem Artichoke Reaping Buckwheat, Sunflower, and Maize. Birds
destructive to the Grain Crops. Putting the Tups to the Ewes. Bathing and Smearing
of Sheep. Lifting Potatoes. Storing Potatoes. Sowing Wheat, Barley, and Pease in

Autumn. Sowing several varieties of Grain together. Planting Potatoes in Autumn.
The effects of Special Manures. Rotation of Crops. Fertility of Soils. Disposal of the

Fat Pigs. Management of Fowls. Animals destructive to Poultry.

REALISATION.
Differences in the Physical Geography of Farms. Climate and its Effects. The

Judging of Land. Estimating the Rent of a Farm. Tho Mode of Offering for a Farm.
Negotiating the Covenants of the Lease. Entering to a Farm. The Stocking of a
Farm. Choosing tho Site, on Building, and on the Expenses of Erecting the Steading.
The Farm-house. Cottages for Farm-servants. Insurance against Fire and Disease.

The Principles of Enclosure, and on Shelter. Tho Planting and Rearing of Thorn
Hedges. The Building of Stone Fences. Wire Fences. Embanking against Rivulets.

Construction of Field Gates. Draining of Land. Improving Waste Land. Trench and
Subsoil Ploughing. Liming of Land. Forming Water-meadows. Irrigation. Treat-
ment of Draught-stallions. Breaking-in ofyoung Draught-horses. Breaking-in young
Saddle-horses. Training and Working the Shepherd's Dog. Slaughtering Oxen, Sheep,
and Pigs. Tho points to be aimed at in Breeding the most perfect forms in Live Stock.
Description of the Animals whoso Portraits are given in the Plates. Account of some
other Breeds of Cattle and Sheep. Tho Principles of Breeding. Selection of Parents in

Breeding. Breeding in-and-in. Crossing. Hiring of Farm-servants. Wages of Farm-
servants. The Farm Smith, Joiner, and Saddler. The care due to the Implements.
Making Experiments on tho Farm. Corn-markets. Farm Book-keeping. Concluding
exhortations to the young Farmer. Index.

•' We assure agricultural Undents that they wQl derive both pleasure and profit from a
perusal of this clear directory t o rural labour. ... We have thoroughly examined thee* volume*

;

but to irive a full notice of their varied and valuable content* would occupy a larger ipe.ee than we can
conveniently devote to their discussion ; we therefore, in general terms, commend them to the careful

study of every young man who wiahea to become a good practical farmer."— Time*.

" A work, the excellence of which ia too well known to need any remarks of ours."—F rrnrn'
iiagaxine.

" Exhibiting in every page the combination of large experience, exteniive observation, and a culti-

vated mind. . . . One of the moat unique and valuable work* to be found within the range of
agricultural literature."

—

Bdl'n Mt**rnger.

" We know of no tingle agricultural work to be compared with this. . . . Nothing can be more
disinterestedly earnest than our recommendation of the ' Book of the Farm.' "—Bdl'n Lift,
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In/ooUcap Svo, price 4$. 6d.

YESTER DEEP LAND-CULTURE;
BKJNQ A DETAILED ACCOC.VT OP TBR METHOD OF CDLTITATION WHICH HAS MEM SUCCESSFULLY

fKACn&BD FOR SEVERAL V*ARJ» BY THB MARQUESS OF TWEED0ALE AT YSbTEft.

By HENRY STEPHENS, F.R.S.E.

Author of the - Book of the Farm."

The characteristic of the new system—for it may he well so named, different as
it is from any now in use—is the complete pulverisation of the subsoil, and its

mixture with the upper soil, the treatment being of a very substantial and per-

manent nature. The work is divided into the following sections :—
(1.) The physical geography and climate ofthe Yester Farms. Fspm the de-

tails here given on these points, it will be seen that the great results obtained
were not those induced by the propitious nature of the soils treated, but, from
the fact that the fields operated upon were, on the contrary, by no means pro-

mising subjects for the expenditure of capital the beat evidence is obtained
of the excellence of the principle upon which the improvements were founded.

(2.) Thorough-draining the soils and subsoils. (3.) Deep-ploughing the soils

and subsoils. (4.) Subsoil trench-ploughing. (6.) The Yester Plough. (6.)

Swing-trees for three and four horses. The last four sections comprise descrip-

tions of the peculiarities of construction of the ploughs used, and the method of
working them. (7.) The physical benefits derived from the thorough-draining
and subsoil trench-ploughing. (8.) The economical benefits. (9.) The system
of farming now adopted at Yester Farm. (10.) Results of the system. (11.) The
working strength of Yester Farm. (12.) The concluding chapter gives a detail of

the advantages derivable from the thorough pulverisation of the subsoil, the

whole of which abound in suggestions of great value to the practical man.

Third Edition, Svo, price 6*.

A MANUAL OF PRACTICAL DRAINING.
By HENRY STEPHENS, F.R.S.E.

Author of " The Book of the Farm."

The subject is divided into the following sections :

—

(1.) The symptoms exhibited by land requiring drainage. (2.) The different methods of draining—

shallow draining, with its varieties—deep draining—thorough draining, (3.) Draining bjr open ditches.

(4.) Sheep drains In hill pastures. (5.) Drains for ground for forest trees. (6.) Ancient shallow covered

drains. (7.) Isolated hollows and running sands. (8.) Bog drains. (0.) Elkington's method. (10.)

Determination of the minimum depth of drains. (11.) Open ducts for drains—stone—tile ducts

—

necessity for soles for ducts. (12.) Estimate of the quantity of water to be conveyed by ducts. (13.)

Draining of fields in succession. (14.) Period of the rotation at which drains should be executed. (15.)

Position of main drains. (16.) Ditto in reference to surface. (17.) Ditto of small drains in reference

to Inclination of surface. (18.) Particulars determining depth. (19.) Ditto distances between drains.

(20.) Contracts for cutting. (22.) Rules for filling drains with stones. (28.) Drains with soles and

tiles. (24 ) Laying of ditto. (25.) Pipe-drains. (26.) Laying of ditto. (27.) Tile and stone drains.

(28.) Outlets and levels. (-29.) Returning the soil Into the drains. (SO.) Conducting draining operations.

(31.) Ground plan of a thorough-dried nek). (32 ) Physical benefits derivable from draining. (33.)

Pecuniary profits. (34.) Cost of draining by different methods. (35.) Draining railway cuttings. (36.)

Flat stone drains. (37.) Peat tile ditto. (38.) Plug ditto. (39.) Sod. (40.) Mole. (41.) Larch tube.

(42.) Brushwood. (43.) Brick drain. (44.) Drain ploughs. (45.) Drain -tfle machine*. (40.) Machines

for preparing clay. (47.) Inquiry as to whether landlords ought to undertake any or what part of the

expense of draining. (48.) Theory of draining. (49.) Durability of drains. (60.) Trenching rouxh

ground preparatory to, and consequent upon, drainage.
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A New Edition, Illustrated with numerous Engravings, Is.

A CATECHISM
OF

PRACTICAL AGRICULTURE.
By HENRY STEPHENS, FJLSJB.

Author of the » Book of the Farm."

Fob those destined to act as principals on the farm, instruction is provided

by the profusion of Treatises on the various branches of the subject, by

Agricultural Colleges and Lectureships, and pre-eminently by their entering as

practical pupils with men of mature experience and skill ; but for the far larger

numbers destined to subordinate employments, no such means, and, indeed, no
means of any kind, hare been available. They entered on their occupation

entirely unprepared for it, and were destined to acquire the knowledge and skill

requisite wholly empirically, behind the plough or in the field. That through

such a training multitudes have come thoroughly to understand and ably to fulfil

their duties, admits of no dispute ; had it been otherwise, our agriculture could

never have been what it is. But still it is hardly questionable but that this

knowledge and ability might have been earlier, more easily, and more generally

attained, had these workers in our fields entered on their task in some degree

informed, by preliminary elementary instruction, as to what was expected of them.

The favourable reception given to Professor Johnston's Catechism, of Agricul-

tural Chemistry and Geology, suggested to the Publishers the propriety of a simi-

lar work on Practical Agriculture. In intrusting the carrying out this idea to the

Author of the Book of the Farm, they knew they were securing for the Work de-

vised the fullest possible knowledge of the subject, sound judgment as to the

wants of the class for whom he was specially writing, and orderly and methodical

arrangement, and the utmost clearness and simplicity of style, in filling up the

details. The method he has adopted is the same as that on which public approval

has been so decisively stamped as followed in the Book of the Farm—the describ-

ing the various operations of the Farm in the order in which they are in the suc-

cessive seasons actually performed upon it. And in following out the details, be

has proceeded on the principle which all teachers of mixed classes know to be the

only safe one,—the assuming nothing whatever to be known beforehand of the

processes described. The utmost simplicity and clearness have thus, it is hoped,

been secured ; and as a still further aid to full comprehension of every operation,

woodcuts and diagrams have been profusely employed wherever they could be of

any possible service.

Subscription Twelve Shillings per Annum.—Published Quarterly.

JOURNAL OF AGRICULTURE,
AND THE

TRANSACTIONS OF THE HIGHLAND AND AGRICULTURAL

SOCIETY OF SCOTLAND.

A few complete Sets from the commencement of the Herie* nre for sale, via.—Old Sbkics, 1838

to 1843. 21 vol*., cloth, £3. 3i. ; New Siuura, 1843 to 1855. 10 vols., clotb. £2, 12.. 6d.
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DEDICATED BY PERMISSION TO HER MAJESTY.

In Two large Volume* Royal Octavo, embellislitd with 1350 Engravingt,

THE BOOK OF THE GARDEN.
By CHARLES M'DTTOSH,

Formerly Curator ol th* Royul ;i:ir<lm« r f hi. llai^ly the Kin« c f thu B«](iian». aud lately of

lho«j of Lis Ouca the Duku of bucclauch, at DaUeiU* PaUc*.

The tdlnniM arc Mild separately—wtmt

Vol. L

—

On thi Formation or Gardkns and Construction or Gauds* KDiricita.

776 page*, and 1073 Engraving*. £2, 10*.

Vol. II.—Practical Oardknino. 868 pages, and S7» Engravings. £1, 17s. 6<1

Works on gardening have long been abundant, and the popularity of many
of them has attested the general interest taken in this art, and the value

of books as guides and instructors in it. None, perhaps, has enjoyed a

wider or firmer reputation than the Practical Gardening of Mr M'Intosh,

which was for many years recognised as the completest, most systematic, and

most practical extant treatise on the art A quarter of a century, however, has

now elapsed since that work last received the revisions of the author ; and in

that time gardening, as a practical art, has undergone Buch advances and

improvements that a treatise, which might be most valuable in 1830, has ceased

to be so in 1855. The Book of the Oarden was accordingly resolved on, not merely

to supersede the author's former, and now comparatively obsolete work, but

designed to form for its art a text-book as full and complete as the Book of the

Farm was for agriculture. The reception which the work has experienced from

the press and the public has been more than sufficient to attest both the need of

such a complete and systematic treatise on gardening in all its departments, and

the degree to which Mr M'Intosh has filled up an existing blank.

The work is divided into two great sections, each occupying a volume—the

first comprising the formation, arrangement, and laying out of gardens, and the

construction of garden buildings ; the second treating of the theory and practice

of horticulture.

CONTENTS OF THE FIRST VOLUME.

INTRODUCTION.

—

Gardening, as an AnT of Design and Taste, considered
AS REGARDS ITS ORIGIN, PROGRESS, AND PRESENT STATE.

CHAPTER I.—The Formation and Arrangement of Culinart and Fruit
Gardens in General.—Section 1. Plan ; 2. Extent; 3. Form ; 4. Supply of Water

;

5. Situation ; 6. Soil ; 7. Fruit-Treo Borders ; 8. Principal Entrance ; 9. Shelter ; 10.

Style.

CHAPTER II.—Garden Walls.—Section 1. Aspect of Walls ; 2. Foundations of

Walls ; 3. Materials for Garden Walls ; 4. Copings for Garden Walls ; 6. Trellised

Garden Walls ; 6. Height of Garden Walls ; 7. Arranging Walls to suit various situa-

tions ; 8. Colour of Garden Walls ; 9. Construction of Garden Walla.

CHAPTER III.

—

Hothouse Bdildino.—Section 1. General Principles; 2. Anglo of
Elevation.

CHAPTER IV.—Heating as applied to Horticultural Erections.—Section 1.

Preliminary Remarks ; 2. Heating by Flues ; 3. Heating by Hot-Water Pipes ; 4. The
Tank Mode of Heating ; 5. Heating by Hot-Air Stoves ; 6. Heating by Steam ; 7.

Boilers and Pipes ; 8. Hothouse Furnaces ; 9. Cause of Circulation of Hot Water.

CHAPTER V.—Ventilation.
CHAPTER VI.— Fkuit-Houser.—Section 1. Vineries; 2. Pineries; 3. Peach-

Houses ; 4. Cherry, Fig, Plum, and Apricot Houses ; 5. Tropical Fruit-House.

CHAPTER VII.—Plant-Houses.—Section 1. Conservatories; 2. Greenhouses: 3.

Orangeries; 4. Heath-Houses; 5. Orchid-Houses ; 6. The Aquarium; 7. Window
Gardening.
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CHAPTER VIII.— Pits AND Framms.—Section 1. Pita and Frames Heated by Fer-

mentation ; 2. Pits Heated by Smoke-Flues, Tanks, Hot-Water Pipes, and Steam ; 3.

Cucumber and Melon Houses ; 4. Mushroom-Houses ; 5. Conservative Pits.

CHAPTER IX.

—

Miscellaneous Garden Structures.—Section 1. Gardenera'
Houses ; 2. The Fruit Room ; 8. Ice- Houses ; 4. Tanka and Cisterns ; 5. Apiaries.

CHAPTER X.—Details of Construction.—Section 1. Glass and Glazing; 2.

Lights or Sashes; 3. Rafters and Astragals; 4. Wall-Plates; 5. Covering the Koofs

of Glass Houses and Pits, for the exclusion of cold or the retention of heat ; 6. Espalier

Railings ; 7. Footpaths ; 8. Painting ; 9. Cements ; 10. On the Preservation of Timber
used in Hothouse-Building ; 11. On the Durability of Materials.

CHAPTER XI.

—

Latino out Flower-Gardexs.—Section 1. Preliminary Remarks
on the Classification of Styles ; 2. Situation of the Flower-Garden ; 3. Flower-Garden
Fences ; 4. Planting with a view to produce Effect ; 5. The Arboretum ; 6. The Pine-

tum ; 7. Edgings ; 1. The Reserve Flower-Garden ; 9. Disposal of the Ground ; 10.

Harmony of Colours.

CHAPTER XII.—Geometrical Flower-Gardens.—Section 1. Their General Ar-
rangement, Ac. ; 2. Fountains ; 3. Vases and Urns, Dials and Mural Decorations ; 4.

Statues ; 5. Seats ; 6. Temples and Arbours ; 7. Mausoleums, Cenotaphs, or Sepulchral
Structures.

CHAPTER XIII.—Gardenesque Style of Flower-Gardens.—Section 1. Their
Gonoral Arrangement ; 2. Fountains and Vases ; 3. Basketwork ; 4. Bridges ; 5. Trellis-

work, Gates, Fences, and Tree-Guards ; 6. Moss-Houses, Seats, and Kesiiug-places.

CHAPTER XIV.—Picturesque Style of Flower-Gardens.—Section 1. Their
General Arrangement ; 2. Rockwork ; 3. Hermitages, Arbours, Moss-Houses, and Seats

;

4. Ridges ; 5. Rills, Rivulets and Cascades ; 6. Rustic Fences.

CHAPTER XV.—Practical Diagrams Explanatory or the Rules for Laying
out Gardens, more particularly for Forming Curved Lines.

CHAPTER XVI.—Town and small Suburban Gardens.
APPENDIX.
INDEX.

ILLUSTRATIONS.
33 COPPER-PLATE ENGRAVINGS by W. and A. K. JOHNSTON.
1040 ENGRAVINGS ON WOOD BY BRANSTON.

This Volume may be had separately hf. bd., price £2 10s.,

CONTENTS OF THE SECOND VOLUME.
THE CULINARY OR KITCHEN GARDEN.
THE HARDY FRUIT-GARDEN.
THE FLOWER-GARDEN -.—Chapter I. Plant-Houses, Pots, and Walls;

Chapter II. Open Flower-Garden.

8ELECT LIST OF VEGETABLES AND FRUITS.
SELECT LIST OF PLANTS.

GLOSSARY OF TERMS.

280 ENGRAVINGS ON WOOD.
This Volume may be had separately, hf. bd., price £\, 17s. 6d.

" We mu«t commit "late both editor and publishers on the completion of this work, which, whether
considered In reference to the Information It convey, on the theory and practice of horticulture, it*

numerous illustrations In the fimt style of art, ami beautiful type, is every way worthy of the character
of all concerned in its publication. The scientific knowledge and great c»pehence of the editor to all

that pertUoi to horticulture, not only as regards cultivation, but a* a lamUcape gardener and garden
architect, has enabled htm to produce a work which brings all that it known of the various subject*
treated of down to the present time; white tha manner In which the work is Illustrated merits oar
hiKhest approval, a* most suciW.iI specimens of engraving. ... Un the practical details of cul-
ture, the editor gives, in addition to hU own opinion, the pith of what others hare written on the
subject . . . We hope to notice this book again. In the mean time, we strociftlv recommend the
Book of the Garden.' To gardeners. In every way It will be iiidii.peo*able, aiid not less so to

country f^nllemen, nr.-hitects, und surveyors, who will find it the beat authority on the subject they
can refer to."— The FtoriM.

" It is impossible in a notice to do Justice to this work There in no other within our knowledge at
all to compare with It in comprehensiveness and ability

;
and it will bo an indispensable possession for
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Sixty-two KighlyfinUked Engravings, medium Ato, vith Detcriptions, Alt.

THE ARCHITECTURE OF THE FARM:
SERIES OF DBSIOXS FOR FARM-HOUSES, FARM-BTEADINOS,

factors' houshh, and labourers' cottaoes.

By JOHN 8TARF0RTH, Architect

The work comprises a series of sixty-two plates, finished in the highest Btyle

of art, all the drawings and designs being carefully prepared by the author.

Eight designs for labourers' cottages, of different styles and accommodation,

with two plates of working details, are given, taking up 17 plates. The next

two are occupied by a design for a farm bailiffs house ; these being followed by

a series of four designs for different classes of farm-houses in plates 18 to 35

inclusive. Plates 36 to 38 take up a design for a factor's house, while 39 to 44

illustrate the arrangements and decorations of a house adapted for a proprietor

farming his own estate. These comprise the first division of the work ; the

second being occupied with plates 45 to 62 inclusive, illustrative of designs for

farm-steadings, for water, horse, and steam-power, adapted for farms of various

sizes, including the design for which the author obtained the Highland and Agri-

cultural Society's Gold Medal.

General details of construction and descriptions of each plate are added ; and
in the preparation of the work every pains have been taken to produce a practi-

cal and useful volume, calculated to meet the wants of the present time.

Seventh Edition, greatly enlarged, price 6#. 6d.

ELEMENTS OF AGRICULTURAL
CHEMISTRY AND GEOLOGY.

By JAMES P. W. JOHNSTON, F.R.S.E. F.G.S. fee.

Many, it was apprehended, might be deterred by the voluminous appearance of

the author's larger work (Lecture* on Agricultural Chemistry and Geology)

from giving due attention to the subject; and partly for the sake of these, partly

to provide a cheap and accessible hand-book of the subject, the present work
was designed and executed by the author. Though styled " Elements," how-

ever, the book is not in the strict sense of the word an elementary one, other-

wise, at least, than as the student may proceed at once to it without the slightest

previous knowledge of the subject. It might safely have been called Hand-book

of Agricultural Chemistry and Geology, inasmuch as it presents, in a condensed

rather than an abridged form, the entire subject it professes to take up.

The work is divided into sections, of which the following is a brief outline :

—

(1.) Object of the fanner—what the sciences can do for him—organic and in-

organic substances— relative proportions of elementary bodies contained in

plants. (2.) Forms in which the organic elements enter into plants. (3.) Struc-

ture of plants. (4.) Inorganic substances of plants. (6.) Of soils. (6) (7.) (8.)

Direct relation of geology to agriculture. (9.) Of the physical, chemical, and
botanical relations of soils. (10.) Of the general improvement of the soil, and
how the practical man will commence such improvement (11.) Mechanical

methods continued. (12.) Improvement of the soil by planting, and by the

growth of wood. (13.) Chemical methods of improving the soil—Manures-
vegetable manures. (14.) (15.) Animal manures. (16.) Relative theoretical values

of different animal manures. (17.) Saline and mineral manures. (18.) Why
these are required by the soil (19.) Use of lime in agriculture, (20.) Improve-
ment of the soil by paring and burning—do. by irrigation. (21.) The pro-

ducts of vegetation. (22.) Average composition of root and green crops.

(23) Of milk and its products. (24.) (26.) Of the fattening of animals.
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Foriy-ttveRth Edition, prict 1#.

A CATECHISM OF AGRICULTURAL
CHEMISTRY AND GEOLOGY.

By JAMES F. W. JOHHSTOK, P.R.S.B. &c.

The object held in view in compiling the present little work was the prepara-

tion of a manual sufficiently elementary to be used eren in our humblest schools,

yet so precise and complete as to constitute in itself a complete course of instruc-

tion in the applied science of which it treats. The reception it has experi-

enced, as exemplified in the issue of a 47th Edition, may be held as proof that in

general estimation it has achieved its aim.

The Work is arranged under the following sections, in the form of question

and answer, and is amply illustrated by diagrams :

—

(1.) General relations of the plant, the soil, and the animal. (2.) Compound
substances of which the organic part of plants and animals consists. (3.) Ele-

mentary bodies of which the compound substances contained in the organic part

of plants, animals, and soils consist. (4.) Of the organic food of plants. (6.)

Composition and properties of water, ammonia, and nitric acid. (&) Composi-

tion of woody fibre, starch, sugar, gum, and humic acid, and how they arc formed

in the plant or the soil. (7.) Composition of fat, gluten, and fibrin, and how
they are formed in the plant and the animal (8.) Substances of which the inor-

ganic, mineral, or incombustible part of soils, plants, and animals consists. (90
Origin and general characters of soils. (10.) Improvement of the soil by deep-

ploughing, subsoiling, and draining. (11.) Composition and material relations

of the inorganic part of the soil and the plant. (12.) Effect of cropping upon
the soil (13.) Vegetable manures. (14.) Of the parts of animals used as

manures. (15.) Of the droppings or dung of animals. (16.) Of saline and
mineral manures. (17.) Of limestone, and of the burning and use of lime.

(18.) Of the proportions of starch, gluten, and fat contained in the crops which

the farmer usually reaps. (19.) Uses of the starch of our crops in the feeding

of animals. (20.) Uses of the gluten, fat, and mineral matter of plants in the

feeding of animals. (21.) Of milk and dairy produce, and the feeding of milk

cows.

In 2 toU., wit* a Map, price 2U

NOTES ON NORTH AMERICA,
AGRICULTURAL, ECONOMICAL, AND SOCIAL.

By JAMES F. W. JOHNSTON, FJi.S.E., &c.

" Profe»sor Johnston 'a admirable Not*. .... On each and all of these topic*, the author «

knowledge of tcienee, and it* practical relation* with agriculture, enabled him to obtain very clear and
accurate views, which he has set forth in a «ay to render hi* book the very be*t manual for intelligent

emigrant*, whilst to the British agriculturist and general reader it conveys a mora complete conception

of the condition of these protperaua regions than nil that has hitherto been *THtw."-Sco»omid.
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/» Octavo, price St.

EXPERIMENTAL AGRICULTURE;
BEINO THE RESULTS OF PAST, AND SUGGESTIONS FOR FUTURE

EXPERIMENTS IN SCIENTIFIC AND PRACTICAL AGRICULTURE.

By JAMES P. W. JOHNSTON, F.R.S.E., ftc.

In the other works hy the same author there has been embodied all that is known
with any decree of certainty in regard to the application of chemistry to agricul-

ture. There are, however, a variety of important points about which there is as

yet much obscurity, and a vast deal altogether unknown. To explain these in as

far as they are capable of being immediately elucidated by experiment, is the

scope of the present work. From the considerations dwelt upon, a variety ofsug-

gestions as to experimenting in the field aud the feeding-house are evolved

:

these are presented in such a way as to point out to practical men what they may
do for the advancement of the art of agriculture. The following are the lead-

ing points elucidated. (1, 2.) The knowledge necessary in a suggester and
maker of experiments. (3.) How experiments are to be made and judged of.

(4.) Influence of circumstances on the result of experiments. (5.) Preliminary

consideration connected with the making of experiments. (6.) Experiments

with sulphuric acid, and with the sulphates of potash, soda, lime, magnesia, and
iron. (7.) Experiments with gypsum, and the sulphates of magnesia and iron.

(8.) Do. with chloride of potassium, and with common salt (9.) With the

chlorides of magnesium and calcium, muriatic acid, and the fluoride of calcium.

(10). With the carbonates, phosphates, silicates of potash and soda. (11.) With
the nitrates of potash, soda, lime, and magnesia. (12.) With the salts of

ammonia.

In Small Octavo, price 6$.

ON

THE USE OF LIME IN AGRICULTURE.

By JAMES F. W. JOHNSTON, P.B.S.E., &c

Tnis work is designed to throw together, in a convenient form, the results of

practice, and the suggestions of theory, in the use of a substance which has been

called the basis of all good husbandry, so important a part does it perform in

its practice. The points discussed are—the use of lime in its application to the

soil ; the artificial states in which these are made ; an investigation into the points

as to whether it is indispensable to the fertility of the land ; and when it should

be applied. Its effects on the soil and the crops are then stated, followed by a
notice of the theory of its action ; its exhausting influence on the soil ; the length

of time which it acts ; and its effects on animal and vegetable life ; the work
concluding with two elaborate chapters on the use of lime as a sulphate and a

phosphate.
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In 2 roU., crovn 8vo, price lit. 6d.

WITH ILLUSTRATIONS KHGKAVKD OK WOOD,

THE CHEMISTRY OF COMMON LIFE.

By JAMES F. W. J0HKST0N, M.A., F.R.&E., &c.

The common life of man is full of wonders, Chemical and Physiological. Most

of us pass through this life without seeing or being sensible of them, though

every day our existence and our comforts ought to recall them to our minds.

One main cause of this is, that our schools tell us nothing about them—do not

teach those parte of modern learning which would fit us for seeing them. "What

most concerns the things that daily occupy our attention and cares, are in early

life almost sedulously kept from our knowledge- Those who would learn any-

thing regarding them, must subsequently teach themselves through the help of

the press : hence the necessity for a Popular Chemical Literature.

It is with a view to meet this want of the Public, and at the same time to supply

Manual for the Schools, that the present work has been projected. It treats, in

what appears to be their natural order, of the air we breathe ant> the water
we dbink, in their relations to human life and health

—

the soil we cultivate

and the plant we rear, as the sources from which the chief sustenance of all

life is obtained—the bread we bat and the beef we cook, as the representa-

tives of the two grand divisions ofhuman food

—

the beverages we infuse, from

which so much of the comfort of modern life, both savage and civilised, is derived

—the sweets we extract, the history of which presents so striking an illustra-

tion of the economical value of chemical science—the liquors we ferment, so

different from the Sweets in their action on the system, and yet so closely con-

nected with them in chemical history

—

the narcotics we indulge in, as present-

ing us with an aspect of the human constitution which, both chemically and phy-

siologically, is more mysterious and wonderful than any other we are yet ac-

quainted with—the odours we enjoy, and TnE smells we dislike ; the former

because of the beautiful illustration it presents of the recent progress of organic

chemistry in its relations to the comforts of common life, and the latter because of

its intimate connection with our most important sanitary arrangements—what
we breathe for, and why we digest, as functions of the body at once the most

important to life, and the most purely chemical in their nature

—

the body we
cherish, as presenting many striking phenomena, and performing many inte-

resting chemical functions not touched upon in the discussion of the preceding

topics—and lastly, the circulation of matter, as exhibiting in one view the

end, purpose, and method ofall the changes in the natural body, in organic nature,

and in the mineral kingdom, which are connected with and determine the exist-

ence of life.

" AD wiU concur In admiring the profound thought which has ennobled so many (amilinr tliinjrv,

and baa even tinged the commonest proceaf of household life with the boa* of novelty and surpri*:.

The work deserves to be universally read."—BrUith Quarterly Review.

In 8ro, 80*.

THE CHEMISTRY OF VEGETABLE AND
ANIMAL PHYSIOLOGY.

By Dr J. G. MULDER,
Professor of Chemistry in the University of Utrecht.

Translated by Dr P. P. H. Froubbro ; with an Introduction and Note* by Profesw Jom.hsto v

23 Plates.
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Fourth Edition, 2t.

INSTRUCTIONS FOR THE ANALYSIS OF SOILS,

LIMESTONES, & MANURES.
By JAMES P. W. JOHNSTOH, F.R.S.E., &c

This work is intended a* a first help to practical and economical chemical ana-

lysis—and its value in this and other obvious ways to the farmer, the phar-

maceutical chemist, the youthful student, and to rural training-schools and agri-

cultural laboratories, will be seen by a perusal of the following brief notice of its

contents. (1.) The work opens with a chapter showing how the physical pro-

perties of the soil are determined (2.) How its organic matter is estimated,

(3.) and its saline matter examined. These are followed by (4.) a chapter on the

estimation of the saline matters, and an examination of natural water ; (5.) and
its earthy matters ; with notes on tile and fire clay. (6.) The analysis of ores by

measure is then discussed. (7.) General remarks on the analysis of soils, with

practical suggestions thereon, follow. (8.) The analyses of limestones and marls,

and (9.) of saline manures, next succeed ; and the work closes with (10.) an

examination of bone manures, guanos, and oil-cakes.

In 8vo, with nunurout Illustration*, price b$.

THE HANDBOOK
or

THE MECHANICAL ARTS :

BEING PRACTICAL HINTS ON THE CONSTRUCTION AND ARRANGEMENT OF
DWELLINGS AND OTHER BCILDINGS, AND IN CARPENTRY, SMITH-

WORR, CEMENTS PLASTERING, HRICK-M AK1NG, WSLL-SINRING,
ENCLOSING OP LAND, ROAD-MAKINO, ETC

By R, SCOTT BURN, Engineer.

Although the agriculturist is not generally conversant with the operations

and processes connected with the mechanical arts, still numerous instances

are sure to arise in every-dAy practice, in which even a slight knowledge of

them would be of great pecuniary value. The various operations demanded
by the exigencies of farm life, and the numerous claims made on the mechanical

ingenuity and abilities of the farmer, tend to render a work peculiarly valuable

to him which bears on those branches of the mechanical arts which are in the

most frequent requisition. This desideratum the present work is designed to

supply. Every care has been taken in the preparation of the working draw-

ings with which the work is profusely illustrated, and by judicious compression

of materials to present a mass of practical information which will enable the

reader to carry on many operations without involving the expense ofhired labour.

The following are the divisions of the work :—(1.) House arrangement and con-

veniences, illustrated by fifty-three drawings. (2.) House construction, sixty-

five drawings. (3). Carpentry, fifty-eight drawings. (4.) Joinery, thirty-nine

drawings. (5.) Smith work, fifteen illustrations. (6.) Brickmaking. (7.)

Roof-covering, exterior and interior finishings ; plastering, painting, three draw-
ings. (8.) Mortars, concretes, cements. (9.) Enclosing of lands, fences, eight

illustrations. (10.) Road-making. (11.) Well-sinking. (12.) Farm and agri-

cultural buildings, thirty-one illustrations.
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A new Edition, with the Author's last Additions and Corrections, 8vo, 21*.

THE PLANTER'S GUIDE.
By SIR HENRY STEUART, Bart, of Allanton.

TO WHICH 18 PREFIXED A BIOQRAPHICAL 8KETCH OF THE AUTHOR, AHD AM
BNUHAVI3Q FROM A PORTAIT BY RAEBURN.

No point in arboriculture has been more keenly contested than the possibility

of transplanting trees of considerable size. There can be no doubt that

this, if practicable, would be of great advantage, as respects both shelter and
ornament, around newly erected country or suburban residences ; and accordingly

every possible means have been tried to secure such removals with safety and
economy. What was in this way accomplished by Sir H. Steuart, at his resi-

dence at Allanton, excited so much interest and admiration, that an account of

the methods employed seemed imperatively called for ; and with this the author

combined a statement of his views as to the beneficial and ornamental disposal of

wood, and the general management of forest trees. Though many years have

since elapsed, and mauy improvements on mere machinery of removal have been
made, it is still admitted by practical men that the principles of Sir II. Steuart's

method are the only ones on which such transplantations can be safely effected,

and that on the full carrying out of these rests our only hope of accomplishing

an object of great interest to landed proprietors in particular.

In addition to a large variety of interesting and valuable notes and illustrations

on various points of interest, the following are the principal sections of this

work :—The art of giving immediate effect to wood—history of the art of arbori-

culture ; new theory—ita development—preparation of the soil for open and close

plantation—preparation of the trees for removal—taking up and transportation

of trees— with description of the machines useful in this department—planting of

the trees in the new situations—treatment of trees subsequent to removal-
expense of the operations—of the principal forest trees, oak, ash, &c. &c. The
work is illustrated by six engravings and a portrait of the author.

In 8vo, price 12*.

THE RURAL ECONOMY OF ENGLAND,
SCOTLAND, AND IRELAND.

By LEONOE DE LAVERGNE.
Tramslated from the French. With Notes by a Scottish Farmer.

To. those who are desirous of gaining a knowledge of the rural economy of

Great Britain, no better guide could be presented than the present work. It

is not only political, but it is interesting ; it deals in a manner as singularly

concise as it is fascinating and effective in style, with subjects valuable alike to

the practical economist, the agriculturist, and the general reader.

The following is a brief outline of the points taken up and illustrated. These,

however, afford but little evidence of the philosophical as well as interesting and
practical style of the work:—(1.) Soil and climate. (2.) Sheep. (3.) Cattle.

(4.) The crops. (5.) The gross produce. (6 ) Rents, profits, and wages. (7.)

Constitution of property. (8.) Constitution of farming. (9.) Country life. (10.)

Political institutions. (11.) Markets. (12.) The customs' reform. (13.) High
farming. (14.) The Southern—(15.) The Eastern—<16) Western—(17 ) Midland,

and—(18) The Northern Counties. (19). Wales and the Islands. (20.) Scotland.

(21.) The Lowlands. (22.) The Highlands. (23.) Ireland. (24.) State of Wexford.

(25.) The Famine and Exodus.
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In royal 8vo, 42*.

THE GRASSES OF BRITAIN.
ILLUSTRATED BY 140 FIGURES,

DRAWN AND ENORAVED BT

RICHARD P ARN ELL, JLD., F.R.S.E.

This work contains descriptions and illustrations of all the Grasses of Great
Britain—their peculiarities—general character—habits—and the uses to which
they are and may be put in agriculture. Their nutritive properties as feeding

materials, and other points of interest to the fanner, as the periods of their

flowering, and the ripening of their seeds, are also noted, the whole being illus-

trated by one hundred and forty-two plates, the subjects of which hare been
drawn from the original plants by the author, and engraved by him.

Second Edition, much enlarged, with 109 Engraving* on Wood, 8vo, 2\t.

TltE FORESTER:
A PRACTICAL TREATISE ON THE FORMATION, DRAINING, AND FENCING

OF PLANTATIONS, THE PLANTING, REARING, AND MANAGEMENT
OF FOREST TREES, THE CUTTING AND PREPARATION OF

WOOD FOR SALE, ETC. ETC.

By JAMES BROWN, Forester, Arniaton.

Chapter 1 treats of the laying out of the land, and of its enclosure and fencing

for new plantations—the varieties of fences, walls, dykes, gates, &c. &c, the

improved methods of construction being fully described and amply illustrated

by drawings.
Chapter 2 describes the method of preparing the land for young trees—its

draining—the distribution of the trees to suit different situations—with ample
details of all the varieties suitable for planting, as the ash, elm, beech, firs, chest-

nuts, pines, &c &c.
Chapter 3 discusses the different methods of planting young trees—their choice

—kinds of forest trees adapted for the land, and likely to be most profitable

—

do. do. for hedgerow timber—expenses of planting—and the management of

young plantations.

Chapter 4 takes up the subject of the nature and practice of pruning, thin-

ning—and rearing up of fir, hardwood, and oak plantations.

Chapter 5 treats of the management of coppice-wood generally—of oak do.

—and of the drying of bark for tanning.

Chapter 6 describes the kind of trees best adapted for moorlands— cause of

disease in larch plantations—the external symptoms of disease upon forest trees

generally, and its causes—periodical increase of forest trees, and rules to find

tneir transferable value.

Chapter 7 treats of the effect of transplanting of trees—methods of effecting do.

—fencing of park trees—plants best fitted for underwood—the cutting and sell-

ing of trees.

The volume concludes with an Appendix, showing the method which may be
adopted in surveying and reporting upon timbered estates. The various

points treated on are elucidated, wherever necessary, by carefully-prepared

diagrams and drawings.
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In. 2 vol*. 8ro, with Atlas in folio, price 30*. .Second Edition.

ITALIAN IRRIGATION:
A REPORT ON THE AGRICULTURAL CANALS OF PIEDMONT AND LOMBARDY,

ADDRESSED TO THE HON. THE DIRECTORS OF THE EAST INDIA COMPANY
;

WITH AN APPENDIX,
CONTAININO A SKETCH OF THE IRRIGATION STSTEM OF NORTHERN AND CENTRAL INDIA.

By Lieut-Col. R. BAIRD SMITH, F.O.8.
Ca+ -J*ln. Bengal Ez^lnmn.

WhUjB " Irrigation works," varying widely in character and importance, hare

been carried out in this country, and attention directed to their details, through

the medium cither of special works or periodical publications, information has

been scarcely obtainable, except in small measure, and through the medium of

isolated and rarely met with reports, of the nature, extent, and details of the

system adopted in Italy, " the classic land of irrigation," where its influence has

tended, even from the earliest period of history, to make her plains the richest

on the face of the earth. And yet when we consider that the machinery of this

grand system for the distribution of water in order to the cultivation of the land,

over which it is made to spread in fertilising streams, is " considered by most

observers to come nearest to the type of theoretical perfection," some idea of the

value of a work may be obtained which would show, in a clear, explicit, and

practical manner, the various relations of the system, the details of its works,

and the practical operation of its mechanism. These and many other details,

interesting in a historical and social point of view, it is the object of the present

work to lay before the reader. In addition to the letterpress, which fully

exhausts the theory and the practice on which this the most extensive as well as

the most efficient system in the world is founded and carried out, the work is

enriched by a large folio Atlas of Plates, abounding in bints and suggestions on
various points of constructive detail.

In foolscap 8w>, price 2s. Gd.

ADVICE TO PURCHASERS OF HORSES.

By JOHN STEWART, V.S.
Author of " Stable Economy."

To the farmer, the sportsman, and all interested in obtaining a sound and

well-conditioned animal, calculated either for work or pleasure, this work will

be found to be eminently useful. It is the result of the experience of a first-rate

authority on the subject. The points treated of in the work are:—1. External

conformation ; 2. Proportion ; 3. Colour ; 4 Sex ; 5. Age ; 6- Condition

;

7. Sluggishness and Energy; 8. Action ; 9. Courage, Timidity, Shying; 10. Vice;

11. Education; 12. Blemishes; 13. Habits; 14. Faults; 15. Soundness;

16. Unsoundness; 17- Causes of Unsoundness; 18. Laws relating to Sale and

Warranty of Horses ; 1ft General Cautions relating to Buying ; 2a Engravings of

the Teeth.
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STABLE ECONOMY. A Treatise on the Management
of Horses in relation to Stabling, Grooming, Feeding, Watering, and Working.

By JOHN STEWART, VS. Sixth Edition, foolscap 8vo, price 6a. 6<L

INTRODUCTORY TEXT-BOOK OF GEOLOGY. By
DAVID PAGE, F.G.S. Second Edition. With Illustrations, price la, 6d.

*

ADVANCED TEXT-BOOK OF GEOLOGY, Descriptive

and Industrial. By DAVID PAGE, F.G.S. Crown 8vo, with Illustrations, 6s.

" An admirable book on Geology. It Is from no Invidious desire to underrate otlier works, tt U the
simple expreuion of Justice, which cjiums ua to assign to Mr Page's ' Advanced Text-Book ' the
very drat place among geological works ndiirp*>ed to student*, at least among thoee which have come
before us. We have read every word of It, with care and with delight, never hesitating as to Its mean-
in.-, never detecting the omission of anj tliing aeedlul in a popular and succinct exposition of a rich and

ELKINGTON'S SYSTEM OF DRAINING. By J.

JOHNSTONE. A New Edition, 4to, 10s. 6<L

INTRODUCTION TO METEOROLOGY. By D. P.

THOMSON, M.D. 8vo, with Engravings, 1 2a 6d.

THE PREPARATION OF COOKED FOOD FOR THE
FATTENING OF CATTLE ; and the Advantage of Using it along with Cut

Straw, Hay, Turnips, or other Vegetables. By T. HARKNESS. Price 6d.

AGRICULTURAL PHYSIOLOGY, ANIMAL AND
VEGETABLE, for the Use of Practical Agriculturists, By T. L. KEMP, M.D.

Crown 8vo, 6a. 6d.

DWELLINGS FOR THE WORKING CLASSES:
Their Construction and Arrangement, with Plans, Elevations, and Specifica-

tions, suggestive of Structures adapted to the Agricultural and Manufacturing

Districts. By R. SCOTT BURN, Engineer. In Quarto, with numerous

Diagrams, 3s.

AGRICULTURAL LABOURERS AS THEY WERE,
ARE, AND SHOULD BE, IN THEIR SOCIAL CONDITION. By the

Rev. HARRY STUART, A.M., Minister of Oathlaw. 8vo. Second Edition, Is.
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FARM ACCOUNTS.

In royal 8vo, bound in cloth, price 2*. 6U,

A PRACTICAL SYSTEM OF FAKM BOOK-KEEPING

;

BEING THAT RECOMMENDED IN " THE BOOK OF THE FARM,"
BY HENRY STEPHENS, F.R.8.E.J

ALSO,

SEVEN FOLIO ACCOUNT-BOOKS, constructed in accordance with the lyrtem. Printed
and Ruled throughout, and bound in separate Volumes ; the whole being specially
adapted for keeping, by an easy and accurate method, an account of all the T
of the Farm.

ACCOUNT-BOOKS CONSIST OF

-

I. CASH-BOOK—Ruled with double money-
columns for Dr. and Or., showing the Cash re-

ceived for produce sold off the Farm, the money
paid on account of the Farm ; and all general
Cash and Banking transaction*. Price 2s. tfd.

II. LEDGER — Ruled with single money
columns, Dr. and Or. on separate pages, contain-

ing Accounts with every Person or Company
having transactions witli the Farm Trice fie.

HI. FARM ACCOUNT—Contains the Cash
received for all tho Produce sold ofT the Farm, and
the Cash paid for all the commodities required for

the Farm, and these alone. Thus the Balance
between the Dr. and Or. sides of the Form Ac-
count, at the end of the Agricultural Year, shows
whether the farm has returned or consumed the
largest amount of Cash. Price 2s. 6d.

IV. CORN ACCOUNT— Comprises all ac-

counts and statements connected with— 1. Wheat;
2. Barley; 3. Oats; 4. Straw; 6. Potatoes; 6.

Turnips,"Turnips, Mangold-Wursel, Carrots and Parsnips.

Thesejjccounts show all the particulars connected

it un the

parties to whom it

have been made of

of Grain on hand at

any time in the Corn-bam and Granary— the

weight of the Grain, and the prices obtained for it.

Price 3s. 6d.

V. LIVE-STOCK ACCOUNT- C onsist, of

Accounts relating to— I. Cattle; 2. Sheep; 3.

Pigs ; 4. Horses ; showing the particulars of every

species of Lire-Stock, the disposal of them, the

cash paid and the prices obtained for them, and
the numbers on hand at different periods. Price 3s.

VL LABOUR ACCOUNT-BOOK— Con-
tains, 1. Labour Journal ; 2. Labour Account,

—

the former for showing the Labourers' names, the

days of the week on which they have been employ-
ed, and a register of the number of work-days in

each week ; the latter forming a summary of the

amount of all the manual labour executed on the

Farm in the course of a year, including the Har-
vest Expenses. Price 3s.

VII. FIELD -WORKERS' ACCOUNT.-
This is a simple form of keeping the Daily La-
bour - Account, enabling the total number of

Days in which work has been done for half a
year to be summed up and calculated at the rate

of wages per day, when the gross amount of the

half-year's earnings is
"

Price 2s. <M.

The Account-Iiookt are told teparaUlg, and the price of the complete Set,

in Eight Volumes, ts 24,. StL

A LABOUR ACCOUNT OF THE ESTATE.
This form of Labour Account is specially constructed for the use of Country Gentlemen, '

residing at home or abroad, who require returns to be made to them of the species of work which

daily engages the time of their labourers in whatever capacity, and whether male or female ; that is,

I Labourers and Field-Workers, the form is as well adapted to Gardeners, Foresters, Hedgers,

" We have no hesitation in saying, that of the many systems of keeping farm-accounts which are in

vogue, there is not one which will bear comparison with that just issued by Messrs Mackwood , accord-

ing to the recommendations of Mr Stephens, in his Invaluable ' Book of the Farm' The great

characteristic of this system is its simplicity. When once the details are mastered, which it will take

very little trouble to accomplish, it will be prised as the clearest method to show the proHt and loss of

business, and to prove how the soundest and surest calculations can be arrived at. We earnestly recom-
mend a trial of the entire series of Books—they must be used as a whole to be thoroughly profitable

;

for we are convinced the verdict of our agricultural friends who make such a trial will speedily accord

with our own—that they owe a deep debt of gratitude both to Mr Stephens and Messrs Blackwood for

providing a method so complete and satisfactory to their hands."

—

BrU t Mentngtr.
" From experience we can strongly recommend this system to all actual and commencing agriculturists,

combining, as it does, all the elements of utility with simplicity."

—

The Field.
" Mr Stephens is so thoroughly conversant with all that is essential to be set down in the Farmer's

Account- Book, that It is something to And him induced to prepare a set of books for the agriculturist.

These we find reduced by him to what must be regarded as the simplest and most essential element of a
sound double-entry system The ease and obvious accuracy of these books abundantly
recommend them.'-XotU Guardian

i
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