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PREFACE.

—f—

TH1s hand-book, which forms the first of a series of HANDY-
BOOKS FOR HANDICRAFTS, consists chiefly of matter contained
in the first edition of “The Metal Turner’s Handybook.” The
book has, however, in many parts, been re-written and additions
have been made. Some of the matter and illustrations may
be identified as having been taken from various technical
periodicals, to which they were originally contributed by me.

The lathe, which is claimed to be the creator of mechanism,
is a machine in which all mechanics should be interested. A
knowledge of the art of turning finds useful application in all
the mechanical arts. Not only is a large proportion of the
community employed in these arts, but individuals interest
themselves in their practice, as affording pleasurable and
profitable recreation. Turnery occupies many workmen, and
has special claims on amateurs. If this handybook tends to
promote this fascinating and useful art my object will be
attained.

THE Woop TURNER’S HaNDYBOOK, which forms a com-
panion volume, I would recommend to the notice of those
who are interested in that branch of the Art of Turning.

LONDON, P. N. HASLUCK.
January, 1883.
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THE

METAL TURNER'S HANDYBOOK.

CHAPTER L

PLAIN LATHES.

P ATHES are machines used for shaping material by
SO causing it to revolve while acted upon by a cutting-
tool. Turners execute all their work by means of lathes ; and
on this machine all articles of turnery are fashioned. I.athes
vary in size, from the watchmaker’s hand-lathe, weighing a
few ounces, to the engineer'’s steam-lathe, weighing several
scores of tons. The objects turned vary in size from a great
gun, weighing a hundred tons, to a watch-balance staff, weigh-
ing but a fraction of a grain. The uses to which lathes are
applied are as varied as the dimensions of the machines
themselves, and the objects produced on them. Materials of
all kinds, applicable to all purposes, are wrought into shape
on lathes. The animal, vegetable, and mineral kingdoms
each furnish numerous specimens on which the turner
operates, Hard ruby and plastic clay are equally susceptive
of treatment. Turnery embraces an almost boundless scope ;
the art is one of the most ancient, and its application has
produced some of the most useful appliances of modern
civilisation.
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It will be wsefal w0 chssify the varieties of bathes in com
mon use. Hand kathes are those driven by band-power; the
ordinary drillbow being the mcans most frequently employed.
Some hand-lathes are driven by meams of a wheel, tarned by
with his right hand. The turns used by watchmakers is an
example of the former ; the throw used by dockmakers is an
example of the latter. A lathe, driven by other than hand
power, which has no slide-rest, is sometimes called a2 hand-
lathe; but the term is in such cases wrongly applied. Prob-
ably the fact of the machine being adapted for the use of
hand-tools only has suggested the erroneous term. Foot-
lathes are those driven by foot-power, generally applied to a
treadle, which is attached to a crank-axis carrying a fly-wheel.
Any method of applying foot-power for driving the lathe
would render “footlathe” a correct designation for the ma-
chine. Steam-lathes are those driven by steam-power.

To facilitate the production of large numbers of dupli
cate objects on the lathe, special machines have been built
These lathes often work automatically, and merely require the
attention of a lad, who, by shifting a lever or turning a handle
as occasion requires, keeps the machine at constant work.
The machinery makes no error of judgment ; everything is
turned to gauge, and every object produced is precisely alike.

The ordinary lathes, which are illustrated in this handbook,
have an infinity of uses. No machine is applicable to such a
wide range of diverse work, and in no position is the value of
a foot-lathe better appreciated than in a jobbing shop. Large
factories that possess an endless variety of special lathes, which
will turn one particular article indefinitely, are not indepen-
dent of the footlathe. This machine has to cope with the
work for which the special lathes are not adapted. The turner
who operates a foot-lathe, and who attempts to develop its
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capabilities, has the means of eclipsing one who tends an
automatic machine. The ordinary foot.lathe contains the
germ of all these machines, and, with the aid of some tem-
porary appliance, is capable of doing all their work, It is
the province of the jobbing turner who works at the foot-
lathe to construct such appliances, and do all kinds of miscel-
laneous work. There are thousands of turners—and their
number, under the modern system of division of labour, is
daily increasing—who have no idea of the infinite capacity
of the machine they use. Those
who have spent their career at
some special work will probably
excel in that particular branch,
but if some branch of the art new
to them is brought under their
notice they may be at a loss how
to proceed.

Plain lathes, by which term those
that have no gearing or sliding
arrangements may be distinguished,
shall receive attention first. The
lathes illustrated and desctibed have been selected for the
purpose of affording varieties for contrast. Each one has
some peculiarities that claim for it special notice. Those
readers who contemplate purchasing a lathe may advanta-
geously study the peculiarities of varieties illustrated, and
so decide on the machine best suited to the work which
will be wanted from it. Perhaps the most important item to
the majority of intending purchasers is the price, and this has
consequently been given in every possible case. A low price
must not be taken as a criterion of cheapness. Some tools
are utterly useless, and consequently dear at any price.

Fig. 1 shows Tangyes’' amateur’s lathe; bed, two feet six

GAP-BED LATHE,
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inches long; height of centres, three-and-a-half inches ; price
£5 55.; gutband, ss. extra; tooltray, 4s. extra; sliderest,
A4 10s. extra. The fly-wheel is fitted on a stud, which may
be adjusted in height to suit the band. The headstock is cast

Fig. 2. TANGYES' AMATEUR'S LATHE-

solid with the bed in this lathe; this method obviates the
necessity of fitting the headstock to the bed. The bed has
a small gap to allow discs of larger diameter than seven
inches to be turned.

Fig. 2 is a lathe also made by Tangyes, and which is very
similar to the one last described. The dimensions are the
same ; the price is £5 155., the bed having no gap. The

|



AMATEURS' LATHES. [

headstock is cast solid with the bed. The fly-wheel runs
on a stud fixed to the left-hand standard, and the crank is itself
hinged in the same way.

Fig. 3 shows a lathe made by Mr. H. Milnes in various
sizes, Three-and-a-half inch centres, with bed three feet six

Fig. 3. MILNES' FOUR-AND-A-HALF INCH LATHE,

inches long, price 48 ros.; six inch centres, with bed six feet
long, price_£ 15 10s. The planed iron bed is mounted on strong
iron standards. The mandrel has a conical neck of hardened
steel running in a hardened steel collar. The adjustable tail-
pin is also hard steel. The cylinder poppet is actuated by a
steel screw, and has a hard steel centre point. The wrought
iron crank has hardened steel ends running on hard steel



6 THE METAL TURNER'S HANDYBOOK,

centres. The fly-wheel is balanced, and the crank has an anti.
friction motion consisting of an endless chain-band. Three
‘chucks, cone-centres, screw-key, spanner, %c., are included.
The workmanship may be judged from the comments on

Fig. 4. BOOTH'S FOUR-INCH LATHE.

Milnes’ back-gear, screw-cutting, gap-bed lathe, which is illus.
trated on a subsequent page.

Fig. 4 shows a plain lathe made by Messrs. Booth Bros.
Bed, three feet long; height of centres, four inches; weight,
about two cwt.; price £12. Four chucks included. The
mandrel is steel, running in a conical collar of hard steel. The
hand-rest is fitted with three Ts of various sizes. The driving

m the rim, and one slow-speed

e e ———



FLAIN LATHES. ?

groove, as shoan. The cast-iron standards are braced diagon-
ally by iron rods at the back, the front has a bar bolted to the
feet. The machine is delivered with gut-band, wooden tool-
tray, &c., complete ; the frame work japanned in two colours.
A lathe precisely similar in dimensions, but plainly finished
and painted, is priced at £o.

The upper part of a very good plain machine recently
constructed by the Britannia Company is shown at Fig. 5. It

Fig. 5. BRITANNIA COMPANY'S IMPROVED LATHE.

has a three-feet double flat planed iron bed, mounted on
strong cast-iron standards.  Various heights of centre are
made, the price increasing with the dimensions. Three-and-a-
half inch centre costs 48, and every extra half inch adds 10s,
to the price, up to five-inch centre, which costs £9 10s. An
additional six inches to the length of the bed adds 10s. Back-
gear adds from £2 to ;43 to the price, according to the size,
A gap-bed, with the bridge-piece fitted, costs £1 extra.
A large and a small face-plate, two TS, centre-points, spanners,
&c., are included. The poppet is fitted with a square-
threaded steel screw, which actuates the cylinder. The
mandrel is cast steel, with conical bearings. Lcck nuts are
Gitted on the tail end, to take up wear, and an adjusting screw
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centres. The fly-wheel is balanced, and the crank has an anti.
friction motion consisting of an endless chain-band. Three
‘chucks, cone-centres, screw-key, spanner, %c., are included.
The workmanship may be judged from the comments on

B

Fig. 4. BoOTH'S FOUR-INCH LATHE,

Milnes’ back-gear, screw-cutting, gap-bed lathe, which is illus.
trated on a subsequent page.

Fig. 4 shows a plain lathe made by Messrs. Booth Bros.
Bed, three feet long; height of centres, four inches; weight,
about two cwt.; price £12. Four chucks included. The
mandrel is steel, running in a conical collar of hard steel. The
hand-rest is fitted with three Ts of various sizes. The driving
wheel has three grooves on the rim, and one slow-speed
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ings are split to allow of their being tightened as they wear.
Two cone-centres, a fork-centre, a face-plate, and three Ts
are supplied with the lathe. The screw in the poppet is suf-
ficiently long to drive the centre-point out when the barrel is
drawn back to its fullest extent. The treadle is jointed, so
that it will not injure the feet of the workman, should he
happen incautiously to get them under the foot-board. Back-
gearing to the same lathe costs /43 extra; and a suitable slide-
rest, as shown on a subsequent page, costs £z 15s.

The scope of this handbook is limited to the application
of the foot-lathe to turning metal. Much that is said of this
machine is equally applicable to both hand and steam lathes,
and the practice of turning metal is, in its essentials, appli-
cable to other substances. The information may, therefore, be
adapted to other machines and other materials. Foot-lathes
have a wider field of use than either of the other classes.
Hand-lathes, which, a generation ago, were considered neces-
sary for producing the most delicate turnery, have been super-
seded to a great extent by foot-lathes, these being now used
for the manufacture of fine watchwork. Steam-lathes involve
the use of costly driving-power, and for this reason their use
is debarred from workers in a small way of business.



CHAPTER 11,

GEARED LATHES.

RMACK-GEAR. lathes are constructed with an arrange
DA ment of wheels which give a slower speed to the man-
-drel and correspondingly greater power over the work. Back-
gear usually consists of a wheel and pinion on the mandrel,
and a similar wheel and pinion on a shaft fitted in bearings
parallel to the mandrel. The driving-pulley is fixed to the
pinion ; but both revolve freely on the mandrel, the wheel
being keyed to the mandrel. The other wheel and pinion
are both fixed to the shaft, which forms their axis. When in
gear for slow speed, the pinion, on the pulley driven from the
fly-wheel, drives the wheel on the shaft; the pinion on the
same shaft in turn drives the wheel keyed to the mandrel.
The reduction in the speed obtained by this gearing will
depend on the relative proportion of the several wheels and
pinions. Wheels having sixty and pinions having twenty
teeth are frequently used, giving a reduction of one-ninth,
This is about the usual ratio in foot-lathes, but the reduction
is excessive and causes a very big difference between, the
fastest speed of the back-gearing and the slowest speed of the
ordinary arrangement. The back-gear headstock is used as a
single speed pulley by throwing the back shaft out of gear and
attaching the wheel on the mandrel to the pulley behind it by
means of a sliding-bolt.

Slow motion bands serve the purpose of back-gear for very
small lathes. A small pulley on the crank shaft affords suffi-

Y




BACK-GEARED BENCH-LATHES. 0

cient power for treating work that can be mounted on a small
lathe. The constant jarring and noise accompanying the use
of gearing is obviated, and smoother work, at a less expendi-
ture of powér in friction, is produced by band-gear. The
employment of back-gear is a practice rather to be deprecated,
as introducing more work, more friction, and an addisional

Fig. 7. BACK-GEARED BENCH-LATHE}

source ot error into the machine, Larger pulleys on the man-
drel, and smaller pulleys on the driving-shaft, would in many
cases answer all the purpose of gear-wheels, with the advantage
of being less costly and working smoother.

A small back-geared bench lathe is shown at Fig. 7. This
lathe is made by the Britannia Company. It is intended to fix
on any ordinary bench, the wheel being fixed to the floor be-
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neath, The height of centres is three inches ; the bed is thirty.
inches long. The back-gear bench lathe, as shown with gap
and bridge-piece, complete, is £4 10s. A plain bed, without
gap, is 1o0s. less. The foot-wheel, twenty inches diameter
with four speeds, fitted to a pedestal frame with treadle, costs
41 10s.

The illustration, Fig. 8, is a lathe very similar to the one
shown at Fig. 1. It has back-gear and slide-rest additional.
The gap-bed is two feet six inches long, the height of centres
three-and-a-half inches, price £7 ss., slide-rest £ 4 10s. extra,

gut-band and hooks 5s. extra.
Tangyes are the makers. The
fly-wheel is adjustable vertically
for tightening the band, and in
most respects the general descrip-
tion of Fig. 1 is applicable to the

above lathe.
A substantially constructed well-
finished lathe is shown at Fig. 11.
It is a four-and-a-half inch centre ;
Fig. %A'zﬁf'c‘;ﬁs'd.}‘ggws the bed shown is three feet six
inches long, but a four-feet bed
would be in better proportion, The gear-wheels are machine
cut. The mandrel is /kardened steel running in a kardencd
steel collar. The crank is wrought-iron, plugged with steel
centres, which are hardened ; the fly-wheel is balanced, and
has V grooves for gut-band. The compound slide-rest has
the bottom slide fitted at right angles to the bed; the upper
slide swivels, and is graduated and indexed for turning any
desired degree of taper. Driver-chuck, face-plate, drill-chuck,
cone-centres, prong-chuck, bench-board, and screw-keys are
included. The price of the complete lathe as shown, but
bed, is 415 10s., the slide-rest costing 44
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of that money. A gap-bed costs 17s. 64. extra; a gun-metal
division-plate and spring-stop 17s. extra. Lathes of the same
pattern are made in various sizes, from three-and-a-half inch
centre and three feet six inch bed, to seven-inch centre and
seven-feet bed. The former costs £9 10s. ; the latter £22,

-
Fig. 9. DOUBLE-GEARED FOOT LATHE.

without slide-rests, which cost £3 10s. and 47 respectively.
Gap-beds fitted with bridge-piece add 12s. to the former, and
A1 105 to the latter lathe. The excellence of the work-
manship of Mr. Milnes’ lathes is mentioned elsewhere in this
handbook.



CHAPTER IIL
SCREW-CUTTING LATHES.

% CREW-CUTTING LATHES are those which, by an
ENRM arrangement of wheels, receiving motion from the man-
drel and conveying it to the leading-screw, move the slide-rest
along the lathe-bed at a uniform rate, so that a tool fixed in
the rest will cut a regular spiral on the surface of a cylinder
revolving between the centres. By arranging the wheels
which transmit the motion from the mandrel to the screw in
relative proportions, the rate or pitch of the thread cut on the
work may be coarse or fine to any degree within the compass
of the wheels available; these are called change-wheels,
twenty-two usually constituting a set.

The leading-screw itself revolves in bearings attached to the
bed, sometimes inside, but generally on the near side of the
bed ; the end towards the mandrel projects, and is made to
take the change-wheels. A slotted arm, called the wheel-plate,
swinging round the screw, carries one or more studs, on which
the change-wheels also fit, the piece of mandrel projecting at
the tail end bring similarly shaped. Thus a wheel on the
leading-screw, another on the stud, and another on the man-
drel make a combination producing an effect proportionate to
their relative diameters. The slide-rest is fitted with a clutch-
gearing into the leading-screw and forming a nut, which may
be detached instantly. A screw-cutting lathe not only affords
the means of cutting threads of any rate and diameter perfectly
true, but it is also available for working as a self-acting machine
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when turning plain cylinders, the rate of screw then being cut
amounting to nothing more than a regular feed.

The principles of screws and screw-cutting on self-acting
lathes are not fully discussed here. The whole subject is fully
treated upon in “Screw Threads,” a small book in which
several rules for calculation of wheels are fully explained and
many tables are given. It is a complete guide, and forms a
useful waistcoat-pocket companion for anyone finding any
difficulty in the management of screw-cutting lathes.

A small lathe, particularly suited to the requirements of
amateurs and small engineers, is shown at Fig. 10. It is made
by the Britannia Company, and having carefully inspected the
- machine, I am able to speak with confidence of its merits.
The design and workmanship of the lathe are exceedingly
good, and it is quite unusual to find a cheap machine so care-
fully contrived and well made. The general run of light
engineering work is quite within the capacity of this lathe, and
it is well worth the notice of anyone contemplating the pur-
chase of such a machine. The price is £15 15s. The same
lathe fitted with overhead gear is shown at Fig 16.

The general appearance of the lathe may be inferred from
the illustration. It has back-gear, self-acting screw-cutting
motion, a set of twenty-two change-wheels, and a rack-and-
pinion for quick return motion. The height of centres is three
inches, the bed is thirty or thirty-six inches long, provided with
a gap-piece three inches wide; by removing this a disc ten-
and-a-half inches in diameter may be turned, the back-gear
affording ample power to deal with work of that comparatively
large diameter. The greatest distance between the centres is
nineteen inches, so that any rods not exceeding that length
may be turned. Strong iron standards support a walnut top,
which has a convenient drawer, as shown, to contain tools, &c.
The lathe-bed rests on short legs, the lugs to form bearings for
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the leading-screw being cast solid with the bed. The screw is
accurately cut to quarter-inch pitch. The change-wheels fit
or studs in the usual manner ; there is a reversing motion to

Fig. 10. BRITANNIA COMPANY'S SMALL LATHE,

cause the slide-rest to travel from right to left, or left to right,
alternately, without stopping the lathe, Screws, either right or
left handed, having from one to sixty threads per inch, may be
cut. The steel mandrel has coned bearings at both ends, with

e —r
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a screw tail-pin to prevent jambing when boring. The back-
gear wheels are put in and out of action by moving their
spindle longitudinally. The pulley has three grooves; the
driving-wheel having a corresponding series, the largest

Fig. 11. LEE AND HUNT'S LATHE.

groove being twenty inches in diameter, and also one small

groove for slow motion without back gear. The fly-wheel is

proportionately heavy, and revolves on a stud fixed in the

standard. The bed is under-cut dovetail fashion to take the

saddle of the slide-rest. The slide-rest is, of course, compound,

with the angular motion of the top slide graduated to so® on
[
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either side for turning cones. The clutch or split-nut of the
leading-screw is gun-metal, and split in halves, which are
separated and closed by means of the lever-handle shown.
The tool-holder on the slide-rest swivels round entirely, so
that tools may be set at any angle. The poppet head has a
steel barrel, actuated by a steel square-threaded screw, fitted
with a turned hand-wheel. The clamping handle is to the rear,
out of the way. The lathe is sent out in complete working
order, provided with hand-rest and T, face-plate, catch-plate,
cone-centres, spanners, &c.

Messrs. Lee and Hunt’s four-and-a-half inch centre screw-
cutting lathe, with back-gear, gap-bed, and double-throw
crank, is shown at Fig. 11. The complete machine weighs
about five cwt., and the price, with four-feet bed, is .£2r1 ros. ;
extra length of bed costs 15s. per foot. Some of the dinen-
sions are as follows:—Bed, five-and-a-quarter inches broad,
four-and-a-quarter inches deep ; gap, five inches wide, four-and-
a-quarter deep ; leading-screw, one inch and one-sixteenth
diameter, one quarter inch pitch ; gear-wheels, one inch broad
on the teeth, which are five-sixteenths of an inch pitch. The
driving-wheel and pulley have three speeds—for gut, one-
quarter inch diameter, or for a strap, three-quarter inch wide,
Antifriction chains and rollers are used to connect the
treadle with the crank-shaft. This is supported near the
driving-wheel on anti-friction rollers carried by the bracket,
shown in the illustration, suspended from the bed. This bear-
ing, added to the usual centre-screws, prevents any tendency
to vibration. The fly-wheel is weighted, so that the treadle
rests in the correct position for starting the lathe ; the crank-
shaft also carries an additional heavy fly-wheel at the right-
hand end. The compound slide-rest is arranged to swivel for
conical turning ; the saddle has a quick return motion. The
cast steel mandrel runs in phosphor-bronze bearings. In.
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cluded with the lathe are a back-stay, face-plate, catch-plate,
bell chuck, hand-rest, and two Ts and a full set of twenty
two change wheels,

The large illustration, Fig. 12, shows an excellent machine
made by Mr. H. Milnes. It is five-inch centre, the bed is
five feet long, the total weight a trifle under eight cwt., and the
price is £26. The illustration, being cut down to suit the size
of the page, does not show the foot-board of the treadle ; the
anti-friction rollers are, however, shown. The lathe takes in
three feet between centres ; it swings seven-and-three-quarter
inches over the carriage, and nineteen inches in the gap. The
gear wheels in the headstock are machine cut, the back spindle
is thrown out of gear by eccentric motion. The mandrel is
hardened steel, running in kardened steel bushes, the bearings
being accurately ground. The compound slide-rest is divided
angularly for turning cones; there is a rack-and-pinion for
quick return of the saddle. The crank is of wrought-iron, with
double throw ; the fly-wheel weighs more than one cwt., and is
balanced. The cone pulley is made to take a strap as shown,
or a gut-band, if preferred. All the screws are made of steel,
accurately cut to Whitworth’s standard pitches. A gap-piece
is, of course, fitted to the bed. A travelling back-stay, shown
at the lower part of the illustration, fixes to the slide-rest for
turning slender work. The saddle of the slide-rest has T slots,
so that work may be bolted to it. A full set of twenty-two
change-wheels, and an extra stud for cutting left-handed
threads are supplied ; a face-plate, catch-plate, hand-rest and
three Ts, cone-centres, spanners, and bench-board are also
included in the price.

I have had a lathe of the above description in use for some
years and found it to be an excellent tool. The design is
good, the workmanship much above the average of even much
higher priced machines, and the price, considering the quality,

a
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is exceedingly low. If the same remarks are applicable to
other work produced by Mr. Milnes, intending purchasers
would serve their own ends by negotiating with him for such
lathes as he makes, several of which are illustrated in this
handbook.

An American screw-cutting lathe, for amateurs, is shown at

Fig. 13. AMERICAN SCREW-CUTTING LATHE.

Fig. 13. It has four-and-a-half inch centres, a three-feet bed,
back-geared headstock, reversing motion for the screw-cutting
gear; the poppet head can be set over for turning taper. The
fly-wheel is twenty-one-and-a-half inches in diameter, and
balanced. It weighs about sixty pounds ; the entire machine
weighs about three hundred pounds. Work eighteen inches
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long is admitted between the centres, and a diameter of five-
and-three-quarter inches will swing over the sadale. The
mandrel is bored through with a hole three-eighths-of-an-inch
diameter. The change-wheels supplied with these American
lathes are all machine cut, that is to say, the teeth are cut from
the solid metal, instead of being cast, as in the English wheels.
The teeth are much finer, the set supplied embracing a range
of threads from five to forty-eight per inch. The price of the

Fig. 14. TANGYES' ENGINEERS' LATHE,

complete machine is £27 1os. An additional twelve inches of
bed, which increases the weight by about twenty-five pounds,
adds £1 to the cost. A wide strap i¢ used to transmit motion
from the fly-wheel to the mandrel, and only two speeds are
admissible.

Tangyes' engineers’ slide and screw-cutting foot-lathe is
shown at ¥ig. 14. The lathe is made in three sizes. Heights
of centres, five, six and seven inches; length of beds, five,
six and eight feet. Prices, /436, 448, and £6¢c; screw
cutting, extra, £ 4, £6,and £8; bridge-gap, £2 extra for the

two s sizes, and £3 for the large. The specification of
- :
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Fig. 20 applies to this lathe in all applicable particulars, the
same chucks and other appliances are supplied with both.
A five-inch centre, five-feet bed lathe is shown at Fig. 15

Fig. 15. SELF-ACTING SLIDING AND SURFACING LATHE.

The machine is made by Messrs. Cunliffe and Croom, who
style it well adapted for jobbing and repairing purposes, and
invaluable to amateurs. The price of the lathe shown is
£, 46 10s.; packing and packing-case is charged at five per
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cent. on this amount, and carriage is also extra. Additional
length of bed is £1 10s. per foot, and if the wheel and pulley
are grooved for gut-band, ss. extra is charged. A lathe, six-
inch centres and six-feet bed, is priced at £57 155. The
slide-rest is fitted with self-acting surfacing motion, worked by
the leading-screw. The crank shaft runs on anti-friction
wheels. The mandrel has hardened steel cone-bearings and

bushes, or parallel bearings running in brass.




CHAPTER 1V.
OVERHEAD GEARING.

JVERHEAD GEARING is a valuable addition to any
BJA lathe, and at once opens a fresh field for work. The
importance of overhead gearing is not recognised at its just
worth by those who have not had the advantage of using it.
Revolving tools, diiven from the overhead gear, afford a means
of doing, expeditiously and well, much work that could not be
done otherwise. In a subsequent chapter various cutters are
illustrated and described, and also the apparatus in which they
are mounted for driving with overhead gear. A plain drilling-
spindle will afford the means of doing much, and a vertical
cutterframe enlarges the sphere of action. It would be
scarcely possible to enumerate the variety of work that can be
done with the aid of these appliances used with overhead
gear. Shaping prismatic pieces of all descriptions, cutting
slots, grooving taps, squaring the flats of bolt-heads, drilling
holes, as in division-plates, are some of the uses to which they
may be put.

Overhead gearing is modified to almost any extent. Of
the many plans adopted, local peculiarities most frequently
influence their suitability. Sometimes the wall or ceiling
happens to be in handy position for fixing the apparatus. In
such cases it is always wise to make every possible use of such
staunch supporters. When a lathe is fitted up independent
of such extraneous supports, uprights have to be attached to
the framework to carry the overhead. The specimens of oves-
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head gearing that are shown in this handbook are fixed to and
form part of the lathe itself.

Fig. 16 shows the lathe illustrated on page 16 fitted with
cverhead gear.

‘The most simple and inexpensive way to fit up a useful

Fig. 16. LATHE WIiTH OVERHEAD GEARING.

overhead gear is probably the following :—Procure a bar of
round iron the same length as the lathe bed, the diameter of
which may be five-cighths of an inch if less than three feet
six inches long ; and three-quarters of an inch if more than that
length. Fix this bar vertically above and parallel with the

b
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lathe centres, at such a height that it may be easily reached by
the workman. From six feet to six feet six inches from the
ground will be found convenient to men of ordinary stature.
The iron bar must be fixed securely at both ends, so that it
can neither rotate nor move longitudinally. Two pairs of

Fig, 17. BOOTHS SWING BAR OVERHEAD GEAR.

grooved pulleys are fitted so that they may be slid along the
bar to any desired position, and there fixed. These pulleys
give the means of directing a driving-band, from the lathe
fly-wheel, to any rotating tool fixed in the slide-rest. A glance
at Messrs. Booth Bros.’ overhead gear will show the method
plainly.

The illustration, Fig. 17, shows a complete swing—bar over-
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head gear, made by Messrs. Booth Bros. This attachment,
complete in itself, is sold for ;£5. It weighs about twenty-
eight pounds. It may be fixed to any lathe in the manner
shown, that is, bolted to the standard. A bracket-piece is
provided for this purpose, the upright rod fits it, and is secured
by a bolt, so that it may be easily removed if required. The
top end of the upright rod carries a piece provided with a
bearing for the vertical bar, which swings free on the joint
shown. This bar carries two pairs of grooved pulleys, which
may be shifted to any position along the bar. The left-hand
end has a hole by which a chain is attached, and the cylin-
drical tube at the bottom, fixed to the bracket-piece on the
standard, contains a spiral spring, the tension of which may be
regulated by adjusting the length of the chain, This spring
tension dispenses with the use of loose weights.

In use this overhead gear is placed with the horizontal bar
vertically over the lathe bed. The pair of pulleys on- the left
are placed just above the fly-wheel, so that the band will run
on and off properly. The pulleys on the right are then
placed above the pulley of the instrument in the slide-rest.
The driving band is then put around the fly-wheel, and over
the pulleys to the instrument. The tension is adjusted by
means of the chain on the left, which is linked up to suit. It
will be noticed that the bar is capable of being swung back-
wards and forwards on the axis of the upright rod, as well as
vertically. For the purpose of driving revolving cutters, a
swing bar overhead gear, as here shown, is frequently all that
is necessary.

The lathe shown at Fig. 18 is a specialité made by Mr.
Hines. Itis called the “ Officers’” lathe, and is designed to
supply the requirements of those who make ornamental turn-
ing a special recreation. Overhead gearing is a noticeable
feature in this lathe. The band from the fly-wheel drives a
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shaft running vertically above and parallel with the lathe

Fig. 18, OFFICERS' LATHE.

centres. This shaft carries pulleys—one large and one small
are shown—from these a band is led to any revolving cutter
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aTTaatTs ThE amER e ;o Cle sufstest. The poleys shde
2oog > &y &sref josrox ex The sne=. £ having a
key-zroore e ercre Enrt. Tre surlmr comecting the
tops of he wrirs cr—es z drrmoal dewer provided with
guide-pTers, wikcd sxwe r gpmie the band amd keep it
tapt

The “OScers ™ a->e 5 mnde m Sherex sires at various
pnces, from £25 122 0 £33 cozzizme.  The former has a
three-feet bed ard fomr-is cowres; the latter a four-feet
bed and five-inch cex'res.  T== fclowi-z s the spedfication
of these lathes — Headstock ks hardened steed mandrel ;
cast-iron four speed, V zrooved. ccae-fcley ; engraved division
plate, having four circles of boies, viz, 130, 144, 120, 112
and spring index-peg. The por-pet has a steel cylinder and
steel square - threaded screw, polished hand - wheel, and
hardened steel-coned centre. The wrought-iron crank-shaft
works in metal bearings, provided with efficient dust-covers;
the fly-wheel has five grooves. The hand-rest has three Ts
A set of spanners, oil-can, gut-bands, steel-tommy, &c., and a
mahogany tool-tray are also included. The turned overhead
shaft runs in metal bearings provided with dishes to catch any
drips of oil. The pulleys on the shaft are a cone-pulley,
corresponding to that on the mandrel—one twelve inches, and
one three inches. All parts are manufactured on the duplicating
system, ensuring accuracy. The maker says these lathes,
though comparatively small, are very compact, and are the
result of many years’ experience. A feature worthy of imita-
tion is that the bow-nuts and plates of the poppet-head, hand-
rest, &c., are made to pass between the cheeks of the bed, so
that those apparatus may be lifted entirely off the bed without
the trouble of entirely unscrewing the bow-nuts. These
lathes, fitted with an ornamental slide-rest and an eccentric
cutting-Instrument, or even a plain drilling-spindle, are capable

LN
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Fig. 19. * CLARENDON" LATHE.

of producing many elegant figmes in hard wood, ivory, ana

light metal. .
The “Clarendon  lathe, also made by Mr. Hines, and
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shown at Fz 19, has mary ;cinss of soritarity to the “ Officers’ »
latke las: descihed. T2e Trscarion shows the chief modi-
fcations 10 be an excra Zy-wbee! om the right-hand end of the
crank-shaft.  The overdead shaft is extended beyond the
bearings of the upriz:ts, ard carries a plin flat pulley on each
end A strap from the right-hand fiy-wheel direct to the
pulley above communicates motion to the overhead staft.
The uprights are con-
nected near their tops by
a strong square bar; this
bar carries a balanced ten-
sion-arm as described in
the “Officers’” lathe. The
“Clarendon” costs ;43 10s.
extra.

A screw cutting lathe,
with overhead gearing, is
shown at Fig. 20. This
lathe is manufactured by
Tangyes in two sizes; four-
and-a-half inch centres,
with four-feet bed, price
£36; or fitted with over.
head motion, as shown in Fig. 20, £ 52 1os.; five-inch centres
with five-feet bed, price £42. The overhead gearing is a
different arrangement to those that have been already described.
The uprights carry a revolving shaft provided with cone-
pulleys at each end; one reversed to correspond with that
on the mandrel. Parallel to that shaft, and having its
bearings in a swinging frame, is another shaft. This has a

drum extending the greater part of its length, and is driven by
a atrap from the first shaft. A strap from the drum drives any
- -We used in the slide-rest, the tension of this strap being

Fig. 20, SCREW-CUTTING LATHE, WITH
OVERHEAD GEAR.
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effected by means of levers fixed to the swiug-frame, and
weighted to suit requirements. With this running-drum the
slide-rest may be traversed along the bed whilst the overhead
gear is in use, the strap shifting itself along the drum as the
pulley of the machine that it drives is moved. An adaptation
of this form of overhead gear has been used for speeding
pulleys to cut screws by band-gearing. The system appears
to have been successful when properly carried out, but it has
had but few advocates.

The lathe illustrated is described as a very superior machine,
with planed cast-iron bed, mounted on two standards ; double
geared headstock, steel mandrel, with hardened neck working
in hard conical adjustable ‘bushes; gap in bed, with removable
piece accurately fitted ; compound slide-rest on saddle arranged
for turning conical and for surfacing; improved gun-metal
clamp-nut; steel guide-screw whole length of bed; quick
withdraw motion; adjustable back-stay; full set of change:
wheels ; two face-plates—one full size of gap; a Clement’s
driver-chuck ; turned fly-wheel and pulley, and full set of span-
ners. The smaller size has self-acting surfacing motion. I
have had one of these lathes in use for some years. The
crank-shaft runs on friction rollers and extends beyond the
standards, the treadle being connected at both ends, thereby
ensuring extra steadiness. Two fly-wheels are used, one at
each end of the crank-shaft.



CHAPTER V.
SLIDE-RESTS.

BLIDE-RESTS are probably the most useful, and, in
ROF fact, form an indispensable adjunct to the metal
turner’s lathe. Although much work can be done on the
lathe by the aid of hand-tools, yet a slide-rest greatly enlarges
the capabilities of the machine. A properly-made, securely-
fixed slide-rest will hold a tool perfectly rigid, no matter how
irregularly the work may act upon it. By the aid of a slide-
rest the corners may be turned off a square rod of metal as
easily as turning cylindrical rods; with hand-tools the diffi-
culty would be increased in the former case. Work which has
a break in the continuity of its cylindrical surface is not easily
turned with hand-tools, as may be readily proved by trial,
In turning a parallel cylinder by hand-tools considerable care
and constant gauging are requisite to guard against cutting
too deeply at some part. With a slide-rest there is no need of
such care, for, when the tool has been properly adjusted, a
perfectly true and parallel cylinder will be produced by simply
feeding the tool up to the work.

Slide-rests offer a mechanical hand to hold the turning-tool,
and the relative value of mechanical work and hand-work will
be appreciated by mechanics. In many cases the latter can-
not be dispensed with, but automatic duplicating machinery
has superseded hand-work in many processes. Machinery
makes no errors of judgment ; when an accurate machine is
used the product is accurate, everything is turned to gauge as
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predetermined, and every object made is precisely like its
fellow. Slide-rests, in the innumerable adaptations of their
component parts, are the means employed to regulate most of
the automatic lathes.

The advantage of slide-turning over hand-turning will be
best appreciated by comparing work done by the two methods.
A plain cylindrical rod—say, for instance, a bar of shafting—
may be mounted on a lathe fitted with a slide-rest, and turned
up perfectly true, parallel and smooth within the limits of the
travel of the rest. Suppose the same operation had to be done
with hand-tools. Compare the truth, the parallelism, and the
smoothness of the bars produced by the two methods. In all
cases the comparison will be favourable to the machine work.
Thus, we find that the quality of the machine work is better.
Then consider the time taken in the two methods; the time
necessary to do the work by hand is very much more. The
labour—that is to say, skilled labour—is an unnecessary
quantity in the case of machine work, whereas only a turner
of exemplary skill could successfully accomplish the work
by hand. Compare the relative wages of the artificers, the
relative quality and quantity of the work they produce, and
the advantages will in each case be in favour of machine
work.

Various forms of slide-rests are commonly used. The pur-
pose to which it is to be applied generally influences the design
of the slide-rest chosen. One that is best adapted for turning
heavy metal work is not suited for light ornamental purposes
when working on ivory and hard woods. The converse is
equally true, but it seldom happens that two slide-rests are
used on one lathe. In fact, lathes constructed for heavy work
should have a heavy slide-rest, and light lathes. ought to be
provided with rests that are in proportion. Several slide-rests
of various patterns are illustrated in this handbook, and it
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must be left to individual judgment to select the one best
suited to the purpose contemplated.

Some of the principal features that are desirable may be
enumerated. It is essential for all purposes that slide-rests be
perfectly rigid under ordinary usage. The slides should work
quite parallel and true with the lathe centres, when the rest is
tightened on the bed. There must be a fair range of traverse
to the slides, so as to allow a tool to be applied to an average
surface of work without the necéssity of shifting the entire rest
along the lathe-bed. When the rest slides along the bed, as in
screw-cutting lathes, the longest possible range of traverse is
provided. For ornamental work, with the drilling-instrument,
wheelcutting instrument, or universal cutting-frame in the
slide-rest, and the division-plate in use, it is almost necessary,
or, at any rate, very convenient, to be able to throw the tool in
and out of cut readily, and to quickly replace it accurately to
the same setting. For drilling a series of holes, cutting teeth
in wheels, and other purposes, the convenience is apparent. A
lever handle is useful for this purpose. In plain turning this
lever is often very objectionable, as it necessitates the undi-
vided attention of one hand, when both hands are frequently
wanted to manipulate other parts.

A slide-rest should be strong enough in all parts, not merely
to resist absolute breakage, but to maintain perfect rigidity
under the influence of a heavy cut. There are many qualities
that influence the stability and inflexibility of a rest. A certain
amount of metal is necessary to make a rigid slide-rest, but
much more depends on the fashioning of the metal than
appears to be generally understood. Good fitting is also
requisite for rigidity. A carefully-fitted rest, chaste and elegant
in design, will stand more hard wear and tear than halfa.
dozen of the badly-fitted, clumsy, heavy tools thrown on the
market by makers of inferior engineering appliances.
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The illustration, Fig. 21, shows a slide-rest designed ex-
pressly for enabling the production of, with one tool, either
dehcate work in ivory and hard woods, or the usual heavy
metal ‘turning that can be done on a footlathe. The tool is
made by Mr. Hines, who terms it *the universal compound

Fig. 21. " UNIVERSAL " SLIDE-REST.

slide-rest.” It is shown fixed to the lathe-bed. The upper
portion shown in the figure is independent of the other parts of
the rest, and may be taken off when not required for orna-
mental work. This upper portion consists of a carefully-fitted
tool-slide, with a receptacle to hold the usual forms of cutting-
tools used for working in wood and ivory. It is fitted with a
screw by which the slide may be actuated ; also with a lever-
handle for the same purpose. Stop-screws to regulate the
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depth of cut are also provided. A glance at the “ Model”
rest, shown on another page of this handbook, may serve to
elucidate the construction of this tool-box.

The base-slide is constructed to take the bearing of its saddle
on the outer edges, which gives greater firmness to the tool
than if the saddle were fitted as the top-slide in this rest. The
different ways of fitting the dovetail slides may be noted in the
various rests that are subsequently illustrated. The top-saddle
generally fits on the inner side of the dovetails, because there is
not sufficient space for the projecting web. The top-slide

swivels round for turn-

ing cones, and the

upper portion is re-

placed by a tool-

holder, as shown on

some of the other

rests, when metal turn-

ing is to be done. The

Fig. 22. * MODEL " SLIDE-REST. above rest, complete,

with all the acces-

sories shown, costs from £12 125 to A15, according to the

size, from four to six inch centre. The leading screws are
steel, cut with ten threads to the inch,

The “Model” slide-rest illustrated at Fig. 22, manufactured
by Mr. Hines, shows the most simple form in which a slide-
rest can be constructed to be an effective tool. The base of
this rest is similar to the socket of an ordinary hand-rest ; it is
held on the lathe-bed by a bolt and bow-nut in the usual way.
The main slide, which is the lower one, has a cylindrical stem,
which fits into the socket of the base. This stem is in the
centre of the slide, midway between the ends. A set-screw
tapped into the socket, so that its point impinges against the
stem, affords the means of fixing the main-slide at any angle
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with the lathe-centres, and also at any desired height. The
length of this main-slide is six inches for a four-inch centre
rest, and nine inches for a six-inch centre. The first costs 45 ;
the second £6. The leading-screw that actuates the saddle
on the main-slide is steel ; it has a square thread, ten threads to
the inch. The tool-slide is fitted in a dove-tailed groove in the
saddle of the main-slide. A lever-handle is used to actuate
this top-slide ; the fulcrum fits into holes in the saddle, a slot
in the end passing over a pin in the slide. A regulating
screw, having twenty threads to the inch, affords the means of
advancing the tool gradually. A
stop-screw, shown on the left, pre-
vents the tool from going in too
far. The surface of the main-
slide may be graduated to any
scale required. The collars of the
leading-screws may be divided ;
and a line scratched on the slide

. . Fig. 23. \W-PRICED SLIDE-
affords a guide for accurate adjust- = '© 2. Lo et

ments. The collar of the main

leading-screw divided in ten equal parts would show the
hundredth part of an inch. The tool box in this slide-rest is
a rectangular mortise, made in a lug cast solid with the top
slide, having a capstan-headed clamping-screw tapped through
a boss on the top. The little rest above illustrated is an
exceedingly handy tool, and will be found extremely useful
either for working in ivory or hard wood, or for mathematical
instrument making.

The slide-rest shown at Fig. 23 is a pattern made by Messrs.
Booth Bros., and the size suited for a four-inch lathe costs
A5 10s. Thelower slide of this rest is parallel with the lathe-
bed, and it may be fixed at any desired distance from the lathe-
centres, according to the diameter of the work being turned.
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This adjustment enables a much shorter slide to serve the pur-

pose of the long one. The top-slide in the rest here shown is

only used for setting the tool into cut. The tool is placed

near to its required position by sliding the rest on the lathe-bed.

When rests, with slides at right angles to the bed, are used,

the tool has to be shifted to or from the line of centres by

means of the screw. Slide-rests, like Fig. 23, are not to be re-

commended in preference to the much more solid tools shown
by Fig. 21, except when low price is the chief consideration.

The “Eureka” slide-

rest shown at Fig. 24

is an American tool,

imported by Messrs.

Churchill. The base

piece is like a socket

of a hand-rest, in-

verted ; it affords the

means of placing the

Fig. 24. " EUREKA" SLIDE-REST. tool at any required

distance fromthelathe-

centres. By means of the stem of the rest which fits in the

socket, the entire tool may be raised or lowered to suit any

height from two to three inch centres. The lower slide will

travel three-and-a-half inches, the upper one one-and-three-

quarter inches. The slide-rest is furnished with four turning-

tools, and costs £1 10s. It can be used for boring or turn-

ing, either parallel or taper.

Another American tool imported by Messrs. Churchill, and
termed the ¢ Eagle ” slide-rest, is shown at Fig. 25. The con-
struction of this tool may be inferred from the illustration.
The prices are: for four-inch lathe, having four inches
traverse, /42 155 ; for five-inch lathe, having seven inches
traverse, 45§ 108,
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A sample of the slide-rests made by the Britannia Company
is shown at Fig. 26. All sizes, from two-and-a-half inch to
eight-inch centre, are made. The prices range from 42 for
the former to £8 for the latter
size ; a six-inch rest costs _£6.

The rest shown has a swivel

tool - holder, which revolves

freely in the top-saddle, and

¢the tool is fixed by a single

clamp-screw. The large size

rests are provided with a pjg a5, «EacLE ' SLIDE-REST.
stronger tool - holder, having

two clamp-screws. The upper slide swivels round to any angle
for turning conical work ; and the base is graduated and fixed
with an index to facilitate the setting. The lower saddle is
long, to cover the slide, and so excludes chips and dirt from

Fig. 26. BRITANNIA COMPANY'S SLIDE-REST,

the screw. The leading-screws are steel, cut with square -
threads, and work in gun-metal nuts. The handles are horn,
fitted to squares on the screws. All the parts are machined
to size, and thus the parts of slide-rests of a particular size
are interchangeable.

Fig. 27 shows the slide-rests made by Messrs. Cunliffe and
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Croomt. They are suited for lathes with either straight or gap
beds ; in the latter case they are fixed byan eccentric bolt and
lever, an ordinary bolt and bow-nut being used on a straight
bed. This rest is very similar to that shown at Fig. 28 Itis

Fig. 27. CUNLIFFE AND CROOM'S SLIDE-REST.

made in sizes from three to twelve inch centres, the prices
being .£3 10s. for the former and £14 10s. for the latter. A
six-inch rest costs 46 10s.

Compound slide-rests, as made by Messrs. Tangyes, are
illustrated by Fig. 28. The small size of the illustration does
not permit much elaboration in the details, but the general
construction may be inferred. This rest
is a pattern specially adapted for metal
turning, and the design is particularly
good. It is unnecessary to draw especial
attention to the various peculiarities, as

”‘gi‘i;,}'.‘ﬁ;"s‘;‘fs these may be observed by comparison

with other rests illustrated in this hand-
book. The prices of this rest vary with the size ; three-and-
a-half inch centre costs £4 10s.; six-inch centre, £7 10s. ;
and twelve-inch centre, 415 15s.; the intermediate sizes
being a proportionate price.

h
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A substantial metal-turner’s slide-rest is shown at Fig 29.
It is made by Mr. Hines at various prices, according to size
and finish ; four-inch centre costs from £ 6 to £8 10s. ; six-inch
centre from 48 to ;410 10s. The lower saddle rests on its
outer edges ; the screw has a bearing at one end only. The
upper slide swivels on a central pin, and the base may be
divided for facilitating the setting of the slide to turn cones to
any particular angle. The top-saddle is shown fitted with a

Fig. 29. METAL TURNER'S SLIDE REST.

tool-holder of the most useful form. Those who purchase
slide-rests should insist on having tool-holders made as the one
illustrated on this rest ; it is stronger and more efficient than
most others, It turns freely on the central bolt, and has two
clamping-screws to fix the tool ; as the tool-holder turns freely,
the tool may be fixed at anyangle. The leading-screws of this
slide-rest are steel, square-threaded, cut to Whitworth’s pitch.
A holding-down bolt and bow-nut, to clamp tke rest on the
lathe-bed, are included.



CHAPTER VL
SCREW-CUTTING WITH SLIDE-RESTS.

'] HE application of slide-rests to the purpose of cutting
- screw-threads has been very often attempted, with
more or less satisfactory results. The leading-screw of the rest
has been made to do the duty of the leading screw of a screw-
cutting lathe. Various methods of gearing the screw with the
mandrel have been adopted ; but gut-bands or toothed wheels
appear to be the only practical means of effecting the purpose.
A band from the mandrel pulley to the overhead shaft, and
another band from this to a pulley on the slide-rest screw, gives
a means of speeding the traverse of the tool. Band-gearing
appears to be tabooed by popular prejudice, from a prevalent
idea that the bands slip, and, consequently, no reliance can be
placed on the accuracy of the speeding effected. Experiments
show the idea to be erroneous, and the system is well worthy
of employment. Toothed-wheels gearing the mandrel with the
slide-rest screw are more popular, from the obvious certainty
of their action.

An arrangement for utilising the screw of the slide-rest for
screw-cutting is adapted to some lathes, and is explained in the
following particulars :—The apparatus connects the revolutions
of the mandrel with those of the slide-rest by a train of toothed
wheels. It is adapted to plain foot-lathes having either back-
centre or traversing mandrels, and affords the screw-cutting
powers of the ordinary slide or screw-cutting lathe, together
with some others. It is, perhaps, the most convenient arrange.
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ment for cutting screws and spirals not exceeding eight or nine
inches in length, which length may be said to comprise the
whole of the screws required in works executed on the foot-lathe.
The slide-lathe is essential for cutting long screws, and for the
execution of large and long plain turning. On the other hand,
the slide-rest apparatus, precisely the same in principle, may
be fairly considered to have certain special advantages. It is
more compact, less costly, far less laborious in its application :
it also allows the production of spirals upon surfaces, cones
and curved forms.’

The same apparatus is employed for cutting metal screws
with a slide-rest having three slides, the lowest across the
bearers, the middle parallel with them, and the top slide
again across. For spirals and ornamental twists in wood
and ivory the usual form of ornamental sliderest is used.
For these reasons, therefore, the apparatus is very generally
adopted in foot-lathes by the professional mechanician and
by the amateur; and to the latter is, perhaps, the most
generally useful addition that can be made to the powers of the
plain lathe.

The last wheel of the train is fixed upon the end of the slide-
rest screw, this being provided with a locking-nut to secure it.
A radial arm isattached to the face of the lathe-head, and the
first wheel is carried by a chuck on the nose of the mandrel.
This chuck is also usually arranged for cutting multiplex
threads.

The mechanical details comprise the chuck carrying the
work and the first wheel of the train ; the radial arm, with
arbors for the intermediate wheels, with various blanks, nuts,
and washers, to enable the wheels with either the large or
small apertures to be carried by the arbors; a socket,
arranged in the same manner, to carry the wheels on the

screw, and a series of about fifteen change-wheels, usually of
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brass, with fron, fiteen to one hundred and fourty-four engine-
cut teeth.  The larger wheels are bored out with plain holes
to fit upon the back of the chuck, to which they are fixed by
a screw-ring and washer; the smaller fit only upon the arbors,
and upon the socket on the end of the slide-rest screw.

The radial arm is bored out with a hole rather larger than
the back of the chuck; and around this hole, on the under
surface, it has a projecting ring, which fits within a circular
recess sunk in the face of the lathe-head. The arm moves
partially around the mandrel as a centre, and is fixed to the
lathe-head by a screw-bolt pzssing through a circular mortise.

The arbors for the intermxdiate wheels can be placed at any
required distance from the mandrel, and are carried on the
front side of the radial arm in a long rectangular mortise, in
which they are fixed by screw-caps behind. With respect to
the arbors, their shafts revolve with the wheels, fitting the
holes in the smaller and carrying the larger by blanks or
central filling-pieces, by which means any single wheel may
be employed or any pair of wheels can be placed together on
the same arbor, with either the larger or the smaller of the two
next the face of the radial arm.

The socket, by means of a similar arrangement, carries 2
wheel, with either a large or small central hole, upon the slide-
rest screw. The cylindrical portion is received within a
circular recess countersunk in the end of the slide-rest, around
the extremity of the screw. This portion of the socket is
hollowed, and accurately fits the plain extremity of the screw,
upon which it is retained by a transverse pin passing through
them both. The retaining pin is slightly tapered, and in length
does not exceed the internal diameter of the socket, not to
impede the revolution of the latter within the circular recess.
A vertical hole bored through the slide-rest gives access to the

nical pin, which is driven out by a small round punch when
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it is desired to separate the socket from the screw. The
wheels are carried by the socket, instead of directly upon the
end of the screw, which in the latter case would have to
project, in order that the removal of the socket may leave the
end of the sliderest free of any such projection—frequently
very necessary in turning, other than screw-cutting, to enable
the end of the slide-rest to be approached close up to the
work.

The mandrel carrying the work and the slide-rest screw
traversing the tool revolve at relative speeds, governed by the
diameter or number of teeth and the arrangement of the
wheels connecting them, the rate or pitch of the resulting
screw upon the work being either a copy or a multiple of the
slide-rest or guide-screw, according to the wheels employed.
The simplest connection would be by two wheels, one upon
the mandrel and one upon the screw. When these two wheels
are equal in the number of their teeth the mandrel and the
screw revolve turn for turn, and the screw produced is an
exact copy as to coarseness of the screw of the slide-rest,
which in the sliderest for ornamental turning is ten threads
to the inch.

The supposed two wheels, however, are not used alone in
practice, for in all probability they would not place the slide-
rest at a convenient distance from the work ; and they turn
in opposite directions. The wheel on the mandrel necessarily
turns with the work towards the tool—that on the screw, there-
fore, turns in the opposite direction. If, as is usual, the slide-
rest screw has a right-handed thread, the tool travels from left
to right, cutting a left-handed thread—that is, sloping the
reverse way to that of the slide-rest and to screws in general.
When three or any odd number of wheels are in gear, the first
and last turn in the same direction ; a third wheel, therefore,
is interposed between that on the mandrel and that on the
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screw, to change the direction and produce a right-handed
thread. The third wheel employed is mounted upon a sepa-
rate arbor or axis. It acts simply as a carrier of motion from
the one wheel to the other, and in no way interferes with the
results arising from their relative proportions.

A considerable variety of threads, both of whole and fractional
salues, may be obtained from a moderate number of change-

Fig. 30. * COMBINATION " REST IN PERSPECTIVE.

wheels, more especially if a fair proportion of them be multiples
of six and eight.

The * Combination Slide-rest,” illustrated by the two accom-
panying figures, is an embodiment of both band and toothed-
wheel gearing applied to actuate the slide and screw. Fig, 30
is a perspective view of the complete slide-rest, and Fig. 3t
shows an end view of the tool fixed on the lathe-bed. The
main-slide is made in various lengths, from fifteen to forty-
eight inches, the price being from £15 155. to £ 30—change-
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wheels, hardwood pulley, studs, spanners, &c., all included.
It will be noticed that the slide is worked by a band from the
mandrel pulley, which drives the hardwood pulley fixed to a
toothed-wheel, and this wheel drives another fixed on the slide-
screw. Various pitches are obtained by varying the sizes of
the wheels, and the pulley-wheel revolves on a stud that moves
in a slot to accommodate the size of the change-wheels in use.

The maker of the “ Combination ” rest, Mr. Hines, says :—
This most complete and useful tool is unquestionably the slide

Fig. 31. END VIEW OF “ COMBINATION REST.

rest of the future, combining the principles of the most improved
screw-cutting lathes with the adaptability of the ordinary slide-
rest. It is sufficiently powerful for any description of metal
work usually done on the foot-lathe. It may be employed for
self-acting sliding work, or turning cylindrical objects in an
automatic manner, for cutting screws of the finest pitch, or those
ordinarily required in mechanical work. When fitted with the
various revolving cutters it is adapted for making twisted or
helical work—known as Elizabethan—or any description of
ornamental spiral turning.
B



CHAPTER VIL
CHUCKS.

PR HUCKS are appliances which are screwed on to the
! nose of a lathe, and used to cause the work to revolve.
There are very many varieties, and it would be impossible to
enumerate the various appliances that have been devised to
act as chucks in executing unusual work. Costly and compli-
cated chucks, that are used by the ornamental turner, do not
come within the scope of this handbook. Plain chucks may
be divided into two classes, having an easily understood
characteristic. Those which are used to support work without
any auxiliary aid, and those used in conjunction with the
back-centre, cone-plate, or some similar contrivance. Occa-
sionally chucks belonging to either group are used in the
method indicated as forming the characteristic of the other, but
this circumstance scarcely affects the distinction. Short work,
held by the edges, by cement or by clamp-screws, is usually
mounted on chucks belonging to the first group. Long work—
that is, work which has a length greatly in excess of its
diameter—is mounted on chucks of the second group.

The face-plate chuck is the most useful for mounting all
work which is capable of being fixed by one surface, whether
that surface is sufficiently flat for the purpose, or whether the
work be levelled by packing. Face-plate chucks are usually
discs of cast-iron, as large as the lathe will swing. Castings
are sold by many founders with a boss ready to be screwed to
fit the mandrel-nose. The face has then to be turned true and
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flat ; some face-plates have numerous bolt-holes drilled through
them ; others have radial slots, to allow bolts to pass for
clamping work to the plate. Clamps and dogs are used with
faceplates to fix the work. The accompanying illustration,
Fig. 32, shows a gripping dog for use on a face-plate ; it is
made by Mr. Hines, in sets of three or four, the price being
105, 64. and 14s. respectively. These dogs
are fixed on the face-plate by the vertical
bolt; the horizontal clamp screw is then
used to grip the edge of the work. By
attaching these dogs to a face-chuck, it is
almost equal in holding power to a four-jaw
chuck. Another form of dog, made by Mr.
Hines, is shown at Fig. 33. This dogis :;,gg’ %;c‘éf‘é‘;ﬂ%‘?
used to clamp the work against the surface
of the plate, The main bolt fastens the dog, and the head
of the small set-screw rests on the face-plate. The right-hand
end of the dog clamps the work, the grip being tightened
by means of the large nut. These dogs are provided with
three sets of bolts and nuts, two, three, and
four inches long respectively, to accom-
modate various thicknesses of work. Sets
comprise three or four dogs, each provided
with bolts, &c.; they cost 5s. each. Work
mounted on the face-plate must be fixed
Fig. 33. ADjusT- securely, and for large objects a stop is im-
ABLE DOG FOR . .
FACE-PLATE.  portant to take the strain of the cut in
turning. When the work is much eccentric,
so that the weight is out of balance, a counterpoise should
always be provided, so as to check the vibration that would
otherwise occur when the work was revolved rapidly.
The four-jawed chuck illustrated by Fig. 34, borrowed from
“ Lathe-work,” is the most efficient and useful chuck for all
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kinds of work within the range of its action, and that can be
clamped by the edge. The four jaws, or dogs, are moved
independently by means of the screws.  One of these screws
is shown in elevation, with the chuck broken away to show
bow the screw is fitted in its bearings. These chucks should
almays be made the full diameter that the lathe will carry.
The lower right-hand part shows the construction of the back,

o BN W e e

Fig. 34. FOUR-JAW CHUCK.

which has projecting fillets around the edge and along the
pides of the slots in which the jaws slide. The face of the
chuck is quite flat, and the thickness of the metal may be
about one quarter of an inch ; the fillets projecting about three
quarters, Where the screws pass through the rim, there is
a slight extra projection in the form of a boss. The jaws,
or dogs, are usually forged in iron, and after being fashioned
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to shape are case-hardened. The hole shown in the left-
hand jaw is tapped to take a bolt, for the purpose of attaching
anything in the form of an auxiliary jaw, should it be re-

quired.

An elevation of a fourjawed chuck, manufactured by the

Britannia Company, is shown
at Fig. 35. This chuck has
square holes in it to take
such dogs as have been illus-
trated by Figs. 32 and 33.
The sliding-dogs are shown
with three steps, so that they
will grasp work of various
diameters. This illustration
may serve to elucidate the

Fig. 35. ELEVATION OF FOUR-JAW

CHUCK,

construction of the previously described chuck.
The point-chuck, illustrated by Fig. 36, borrowed from

Fig. 36. POINT CHUCK.

“ Lathe-work,” is the
most useful chuck for
metal turning.  The
practice of mounting
work for turning be-
tween centres is ot
universal application.
Extreme facility and
great effectiveness com-
bine to make chucking
between centres the
most general method of
proceeding, and when
possible it is adopted.

Work that has been properly centred may be taken off
the lathe and re-mounted at any subsequent time, with the
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certainty of its running perfectly true. Other methods of
chucking do not allow of this being done without considerable
trouble ; and for these reasons all work should, if possible, be
chucked between centres. -Every metal turner’s lathe is
provided with a point-chuck, and the construction of the
appliance is too well known to need much description. The
point should be made of steel, and left soft, so that it can be
turned true at any time that such an operation is necessary.
Cone centres should be turned to an angle of sixty degrees ; a
handy gauge for the purpose of verifying the accuracy of this
angle is made by filing a notch, in a piece of sheet metal, with
a triangular file. Large lathes usually have the cone centres
fitted into the mandrel itself, a hole being drilled up it for that

Fig. 37. ''ESSEX" SELF-CENTRING CHUCK.

purpose. The centre is thus kept near to the bearing, which
conduces to steadiness in turning. A disc of cast-iron is, in
these cases, screwed on to the mandrel-nose; it has a short
straigh¢ pin screwed into it to catch the tail of the carrier.
This chuck is called a catch-plate. Usually two or more holes
are drilled at different radial distances, so that the pin may be
shifted to suit various sizes of work. A modification of this
form is sometimes used instead of the chuck illustrated by
Fig. 36; and though not generally employed on foot-athes,
yet it is really a stronger chuck and easier to make.

The “ Essex ”” chuck, shown at Fig. 37, is a useful appliance
for gripping small wire. It is made by the Britannia Com-
pany; the price with two jaws, to hold any size from one-
quarter inch downwards, is ros. This chuck is very simple in

may be inferred from the illustration. It con-
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sists of the shank, which is left soft so that it may be fitted
into any suitable chuck. This shank is about two-and-a-half
inches long, and five-eighths in diameter. On the outer end
a fine thread is cut, and the centre is bored out about five-
sixteenths. A cap is fitted on the screwed part, and it has
the end shaped, as shown, to fit a spanner. The jaws of the
thuck are made of steel, hardened and tempered; one is
illustrated by Fig. 38. There are two jaws supplied with the
chuck—one for small and the other for large sizes. As may
be seen by Fig. 38, the jaws are split into three, and the
chuck is self-centring. The jaw is put in the shank ; when the
cap is screwed on the three parts come together, and grip any
object that may be between them. This chuck is very
useful for holding drills and any round

wire within its capacity. A larger @

size, taking from halfinch diameter, is Fig. 38, Jaw OF “EsSEX
also made. It has four jaws to CHUCK,

grip any size from half-inch to the

smallest ; the price is £1 55. These chucks are easily fitted
to any lathe.

Drill-chucks of the best form are shown by Figs. 39 and 4o0.
The two chucks are very similar in construction ; they are easy
to make, and both are thoroughly good. The illustrations are
borrowed from “ Lathe-work.” The drawings are made from
chucks which I have had in use for years, and it will only be
necessary to enlarge them proportionately to make working
drawings. It is best, and really cheapest, to have several
chucks for different sizes of drills, as these should be made
from steel of a size approaching that of the finished drill. If
the drills vary from one-eighth to five-eighths of an inch in
diameter, they should be made of three or four sizes of steel,
and each size requires its special chuck. Dirills to bore five-
eighth holes should Le made from steel at least half-inch in
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dameter, and drills ore-eighth will be very troublesome to
make from steed much Lerger than omc-cighth diameter. I use
chucks bored to ome-ciziih, onequarter, three-cighths, and
halfinch, and these take 2ll the &ills of amy size up to
fvecightts. Those smaller than ome-cighth I fit into brass
sockets which bave beem previoasly fitted to the chuck.  Fig.
39 shows a section of a
chuck for ome size only.
This is made of iron, fitted
to the mandrelnose and
bored out, slightly tapering
to receive the steel nozzle,

Fig. 3 DL Cuuck wirs Tarex  Which is turmed to fit, and

Hotz. driven into the iron very

tight against the shoulder

shown. The nozzle is bored out with a tapering halfround

bit, as shown by the shaded hollow channel, and a mortise

hole is cut diametrically across the nozzle at the end of this
tapering hole.

For convenience in hand-
ling, all the corners are
rounded off, and the out-
side of the entire chuck
turned up true, ‘The drills
to fit this chuck are made
with a tapering shank, the
extreme end of which has
two flats filed on diametrically opposite sides, which enable
it to pass into the mortise hole, and by this means the
drill is prevented from turning round in the chuck. This
is an excellent method, but having to fit the drill-shanks
tapering is rather troublesome when an odd one has to be
fitted, Fig 40 shows a chuck with a nozzle which may be

Fig. 40. DRILL CHUCK WITH
PARALLEL HOLE,
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taken out and changed for another of different bore. The
body is the same as in the previous figure, but it has a capstan-
headed screw tapped through. This is sufficiently long for
the point to project slightly through the centre-hole when the
screw is screwed home. This centre hole is bored out quite
parallel, and into it are fitted the shanks of drills in the
same way as is shown with the nozzle in the figure. Pieces
fitted in have a facet filed on them with a half-round
file, to allow the point of the screw to take firm grip.
The mnozzle-piece is fitted tightly, but so that it can
be drawn out with the fingers. It is secured by the clamp-
screw The end of the nozzle is bored up parallel with a half-
round bit, and the mortise-hole is cut through it on one side of
the diametrical line. Many people, instead of taking the trouble
to cut a mortise-hole, simply file a slot from the side to the
diameter line, and produce the same effect. This is, however,
a bad plan, as the solid metal, shown above the rectangular
mortise in the figure, affords considerable support to the nozzle,
which, if cut half off, as by the other plan, is very apt to bend
or break. The drills are fitted to this nozzle parallel, and have
half the diameter filed off at the end to form a piece to project
into the mortise, just like the drills are fitted in ordinary drill--
stocks. Several nozzles with different sized bores can be fitted
to and used with the same main-chuck. To get the drills out
of sockets made like either of the above a lever is used, insert-
ing it in the mortise behind the tail end of the drill.

Fig. 41 shows an exceedingly good chuck for gripping rod-
metal of any diameter within its capacity. The original
chuck, from which Fig. 41 results, was made by an engineer of
high attainments, though an amateur, in whose workshop I
saw it some fifteen years ago. Since then I have used a similar
chuck almost constantly, and unhesitatingly give it first place
amongst chucks for similar purposes. Some drawings are shown
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in “Lathe-work.” The chuck shown at Fig. 41 is made by
the Britannia Co.; it is three and five-cighths inches in

Fig. 41. UNIVERSAL CHUCK,

diameter without the screws. The dies slide in grooves cut
in the solid, and are made to bite by means of the round

Fig. 42. DIES FOR Fig. 43. DIBS FOR
UNIVERSAL CHUCK, HOLDING SMALL Discs,

screws shown at top and bottom of the illustration.
through which the screw passes is fixed in the lower
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side by two pins shown. The upper screw and its nest slide
out easily, so that the dies may be readily changed. The
dies used consist of four pairs ; three like those shown at Fig.
42, and one pair like those shown in the chuck Fig. 41. These
latter take all sizes under twenty-seven sixty-fourths. As arule
wire under one-sixteenth diameter is not used on a five-inch
lathe, and the dies are much improved by removing the sharp
edg of the lower die. The other
three pairs take respectively trom
quarter to half inch; half to three
quarters, and three quarters toone inch.

Dies for holding discs such as
washers are made of the form shown
in Figs. 42, 43. These take from eleven
sixteenth inch to one and eleven six-
teenth inch, and a careful inspection
of the illustration will show the cir-
cular gripping part to be made in a
series of circles—usually three repre-
senting the largest, the smallest, and
the midway diameters—so as to dis-
tribute the grips around the object.
Made in this manner the dies grip
at four points work of any diameter.
It should be noted that this chuck, though not self-cen-
tring, is manipulated so quickly and easily that work
may be set true in a few seconds. The screws are sufficiently
slack to be turned with the fingers, and only the final punch is
made with a tommy. The face-part of the chuck is intended
to be fitted to a base, specially screwed to the lathe nose;
the four screws show the means of attachmenrt.

A cup-chuck is illustrated by Fig. 44, the engraving being
borrowed from “Lathe-work.” Four screws are put radially

Fig. 44. CUuP CHUCK.
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into the rim of the chuck at equidistant places. Cup-chucks.
as illustrated, are employed principally to hold short objects,
such as nuts or short rods ; these may be turned unsupported
at their outer end. The object to be held in the chuck is
gripped by the points of the screws, and these are each screwed
in as required to centre the work. The projecting screw-heads
are often in the way, and apt to cause damage. The points
also badly mark the work they grip, and these circumstarces
are somewhat of a drawback to the use of screw cup-chucks.




CHAPTER VIIL

HORIZONTAL AND VERTICAL CUTTER-
SPINDLES.

a5l UTTER-SPINDLES are such useful adjuncts to the

3% ordinary footlathe that when once they have been
used few care to work without them. A plain drilling-spindle
is shown at Fig. 45, which is borrowed from © Lathe-work,” in
which treatise the construction is fully explained. The shank
is made of square iron, the finished size of which is double
the difference between the height of the lathe-centres and the
height of the top of the sliderest The shank is bored
through to take the spindle. This spindle may be any size,
from three-eighths to one inch in diameter for a five-inch lathe,
according to the work to which it is to be applied. A nose
like that of the lathe-mandrel is shown in Fig 45, but an
internal thread, as shown in Fig. 49, is frequently preferable,
and for small drilling-spindles a plain hole, like that shown in
the drill-chuck, Fig. 40, is frequently used.

The sectional drawing, Fig. 45, shows the spindle fitted in
steel collars. The end motion is confined by an abrupt cone
at the nose-end, and the pulley bearing against the face of the
back-collar. The collars are made to abut on shoulders in the
shank, so that they cannot be forced inwards by the lateral
pressure on the spindle. The collars are coned, tapering about
half a degree, to fit the bearings of the spindle. The pulley
should be as large as the slide-rest will allow, and a V shaped
groove will be more serviceable than the half-round one illus-
trated in Fig. 45.
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Overhead zesr and dividing apparatns are required when
using a driling-spindle ; it will be found useful for many pur-
poses. Apart from dnlling smple hales, it may be used for
grooving taps, making drifts or punches for triangular, square,
hexagonal, octagonal, and other shaped holes ; also for squar-
mg up the flats of bolt-heads, and shapng up prismatic pieces
@ wood or metal. It may be used on surfaces for cutting slots
and grooves of all shapes; m short, the drilling-spindle may
be applied to so many purposes that it is scarcely possible to
enumerate them all

The drilling-spindle llustrated has the shank made of a square

Fig. 45. PLAIX DRILLIXG-SPINDLE,

bar of iron. This may be held in position on the slide-rest by
means of the tool-holder, if a suitable one. Some tool-holders
will not allow such a large piece of metal beneath them ; and
for use with them another form of drilling-spindle must be
chosen. The slide-rests that have been illustrated show various
forms of tool-holders. The one which I consider excellent is
that shown on the Metal Turner’s Slide-rest, Fig. 29. Another
form of tool-holder, invented by Professor Willis, has found
favour, and is a very 2fficient contrivance. The drilling-spindles
used on ornamental turning-lathes are made like that shown
by Fig. 45, but they are much lighter.

The subsequent illustrations show a drilling-spindle some-
what more elaborate in construction. It is applicable to a




DRILLING SPINDLE. 63

more extended range of work, including wheel-cutting, when
used in conjunction with the apparatus described in Chapter
IX. The entire apparatus, from which the drawings for the
illustration were made, is fitted to a five-and-a-half inch centre
lathe. Some of the figures are full size, some half size; when
dimensions are given they refer to the instrument above
named. With the casting, which carries the bearings of the
spindle fixed on the top of the slide-rest, all the requirements
of a driller are attained. In this position the universal cutter-
frame forms a very serviceable tool. With a suitable cutter it
will face up the flats of nuts and bolt-heads in a style and at a
speed that will consign the file to oblivion for such purposes.
The spindle is fitted so that it is precisely on the line of cen-
tres, and thus it forms a miniature lathe with which the ordi-
nary back-centre may be used. On this it is comparatively easy
to turn delicate work, that could not be mounted on the man-
drel direct. Figs. 46 and 47 are specially intended to illustrate
this part of the apparatus. So far as drilling, fluting with a
diill; and a small lathe are concerned, all those parts of the
appliance appertaining to these are found here, and the part
shown at Figs. 46 and 47 will be a very useful tool in itself.
The frame is of cast-iron, a flat fiddle-shaped piece, five-
and-a-half inches long, with a groove along the centre, and
two lugs or ears-cast on it, which take the collars of the bear-
ings. When making the instrument the bottom of the casting
is first made flat. A file may be used to effect this purpose ;
but a far better plan is to turn it on the lathe. The casting
may be easily bolted on to the surface-plate by means of a
couple of clips, the casting being supported by parallel strips of
packing under the flat part, and keeping the lugs from contact
with the surface-plate. Thus chucked, the whole of the
bottom, excepting where the clips bite, may be turned true
with the slide-rest, and it will then be perfectly flat. A few
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strokes of a file will suffice to remove the shght excrescences
above mentioned.
Laying the casting with its flat side downwards, the positica

W |

lhmnl

Fig. 46. PLAX OF DRILLING-SPINDLE.

of the bolt-holes shown may be determined. First, a central
hole, which is not shown, owing to the superposition of the
spindle, about three-eighths inch in diameter, is carefully
bored. This hole must be very accurately ccntred, or the

Fig. 47. ELEVATION OF DRILLING-SPINDLE,

whole frame will be one-sided. Level with the centre of this
hole mark a line at right angles to the position of the spindle,
On this line mark the four holes seen in Fig. 46. The small
ones are one-and-five-sixteenths of an inch from the centre, and
three-eighths of an inch diameter. They are to take the bolts
which allow of angular adjustment to the spindle. The larger

1N
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holes are on the same line. Their diameter is five-eighth inch,
and they are bored in such a position that they are midway
between the inner edge of the .small holes and the spindle.
These holes are to allow the top-bolt of the slide-rest to pass
through, and by this means the frame is held on to the top of
the slide-rest. A special form of ¢ washer ” is usually neces-
sary, so as to distribute the pressure of the nut on the bolt as
far as possible over the frame.

The correct height at each end, one of which is shown at Fig.
48, for the holes to take the collars, can now be easily marked
by laying the frame on the top of the slide-rest, and scratching
the lugs with the back centre-
point. With this mark as a
guide, centre the lugs as truly
as possible with a centre-punch,
and bore them through. Some-
times it is more convenient to
use the scribing-block for mark-
ing the height of centres; or
even the dividers are sometimes Fig. 48. END OF DRILLING-SPINDLE,
more handy to use with one
leg against the lower finished surface. When the collar-holes
have been drilled through, it is advisable to mount the frame by
these holes between centres, and true up the ends flat.
This precaution will give a better entry for the drills with which
the collar-holes are subsequently enlarged. The ultimate
finished size will be nearly three-quarters of an inch, but it
must be bored by means of a boring-bar between centres, to
ensure correctness in height.

When the holes have been drilled to about five-eighths of an
inch, or even larger, if they are very nearly true to height, fix
the frame carefully on the top of the slide-rest. Mount a

boring-bar of suitable size between the centres, and take a cut
’
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through the holes. The position of the holes may be adjusted
slightly during this operation, if they have become somewhat
eccentric during the previous drilling. The front-hole is to be
bored out three-quarters of an inch, the back one eleven
sixteenths of an inch, with a short recess three-quarters of an
inch in diameter. The collars shown in section, fall size, at
Figs. 49 and 50 will show the size of the holes. When the
holes are finished, it will be well to put the frame between
centres again and true up the ends, if they are not quite square
and flat. The inner sides of the lugsand also the top of the
fiddle can be smoothed with a file, and the entire casting
made fairly smooth and square on the edges. ‘Two small holes
for oil must be drilled in the middle of the top of the lugs, as
shown in Fig. 46.

The spindle, or mandrel, will next claim attention. This is
made of a piece of good cast-steel, three-quarters of an inch
diameter, and six inches in total length when finished. Good
steel must be selected ; and as the collars are made of the same
material, it will be advisable to cut off a piece one-and-a-
half inch long with which to make them, and anneal it
Centre the steel for the spindle, mount it on the lathe, and turn
the ends true. It will next have to be bored through the entire
length. A hole three-sixteenths of an inch in diameter must
be made first ; this work is most conveniently done with the
aid of a boring-collar. A half-round bit will bore true and
parallel. Enter the bit true, lubricate it well with soapy water,
and bore through. This done, countersink the ends well
With a tool in the slide-rest take a cut along the cylinder from
one end to within one-quarter of an inch of the other. By this
means reduce the diameter to a trifle over five-eighths of an inch,
except at one end, where the full diameterisleft for a length of
one-quarter of an inch. This end, Fig. 49, will form the

Ter of the spindle for the chucks to screw against,
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Sectional views of the two ends of the finished spindle are
shown at Figs. 49 and so. The nose end is screwed with a
vs inch Whitworth thread, forming a female nose. The
spindle is bored with a five-sixteenths of an inch hole to
within half-an-inch of the tail-end, where it is tapped with a
quarter-inch thread. Fig. 50 shows this. The nose part is turned
out accurately true and parallel, about three-eighths of an inch
deep ; this forms the fitting of the chucks. The threaded part
follows, as shown. The collars, shown in section by Figs. 51
and 52, may next be prepared. Mount the piece of steel pre-
viously mentioned in a cup-chuck or die-chuck ; see that it
runs quite true ; then bore it out to half<inch diameter. The

Fig. 49. NOSE END OF SPINDLE. Fig. 50. TAIL END OF SPINDLE.

tube may then be cut in two.  Set the slide-rest to turn conically
about half-a-degree taper, and enlarge the hole in the collars
till nearly to size, then carefully anneal them. Proceed to
finish the front collar, Fig. 52, by turning it out to just
five-eighths of an inch diameter, making the hole as
smooth as possible by using a sharp tool in the slide-rest.
Turn down the spindle conically to fit the collar, and then,
using the mandrel as an arbor, turn the outside of the collar
true to fit the hole in the casting, where it will have to be
fixed. The collar will now have to be mounted in a wood
chuck, so that the cone may be ground out with a lead
grinder dressed with emery. By this means it will be got
very smooth, and the spindle can then be further reduced
in diameter till it enters the collar nearly to the shoulder. The
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back-collar, Fig. g1, is then got to size by the same processes
as have been described. Each collar has a small hole drilled
through it, to allow the oil used for lubricating to reach the
inside. These holes must be drilled so that they will come
opposite the oil-holes in the casting. The front-collar must be
mouthed out as shown, to take the second cone on the mandrel.
The back collar must have its back end ground quite flat to
form the end bearing. Small channels should be filed inside
each cone leading from the oil-holes towards the ends, to allow
the oil to distribute itself along the bearings. These channels
must be filed with a round file. If cut in at a sharp angle the
collars will probably split when hardening.

Fig. 51. SECTION OF Fig. 52. SECTION OF
BACK-COLLAR. FRONT COLLAR.

Hardening the collars will be the next process. Every care
must be exercised to ensure equal heating all over. This is
rather difficult. It often happens that an inexperienced mani-
pulator will allow one parttobe burnt before another part is
hot enough to harden. A kind of mufile is useful to regulate
the heating process. Clean cold water is as good as anything
to harden in. The collars need not be temperedatall. They
are forced into the holes in the casting by the aid of a bolt put
through the collars, which are drawn together by screwing up
the nut on the bolt. When they are adjusted to position the
spindle may be finally fitted. This is done by reducing it
gradually till it very nearly reaches home. The bearings are
then ground to fit with oilstone dust. Grinders, made of brass
or gun-metal turned to the precise shape of the mandrel cones,
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may be used for grinding out the collars when thece are n
position, if requisite,

‘The spindle up to now has been considered as soft, and so
it may be left. The
soft steel will run for
a long time in the
hard collars. To ,
harden a spindle is e IIIE
a difficult job, and
one that need not be
undertaken. When
the spindle has been
fitted to its bearings,
the neck, shown on
the right in Fig. so,
must be turned down
to receive the pulley.
This pulley has been
shown in Figs. 46
and 47. It may be
made of cast-iron or
other metal. An an-
gular groove affords
the best grip for a 1
band. The pulley is Fig. 53. VIRTICAL CUTTER-FRAME,
fitted on to the neck
of the spindle, and is there held by the screw which fits in
the thread shown in the section, Fig. 50. A small pin in the
spindle, with a piece projecting to catch in a notch cut in the
pulley, will prevent the latter turning without the spindle. A
very thin steel washer resting against the shoulder of the neck
will be necessary to bear against the back end of the collar,
and prevent endshake in the bearings. A steel washer is
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preferable to allowing the pulley itself to form the bearing.
The drilling-spindle is now completed. Apart from the
remainder of the apparatus described in Chapter 1X., it forms
a most useful appliance. When such a contrivance has once
been established in connection with a lathe, it will be con-
stantly brought into requisition.

A spindle revolving vertically is useful for many purposes,
for which a horizontal spindle, such as last described, cannot
be employed. The accompanying illustration, Fig. 53,
borrowed from ¢¢Lathe-work,” shows a vertical cutter-frame
adapted for wheel cutting, and similar purposes. The spindle
is steel, and has a large sized pulley fitted to it, to be driven
from the overhead gear. The two guide pulleys, or runners,
are of different sizes, so that the driving-band is led on and
taken off at different heights. The spindle has pointed ends
running in countersunk set screws. By means of these, the
height of the cutter may be adjusted to a nicety. The cross
mortise hole is useful principally for single-tooth fly-cutters;
circular cutters, such as are described in a subsequent chapter,
are held on the spindle by a nut, the screwed part for which is
shown. Full particulars of the construction of this cutter-frame
are contained in the treatise above named, from which the
illastration is borrowed




CHAPTER IX.
UNIVERSAL CUTTER-FRAME,

] ﬂ HE cutter-frame which is illustrated in this chapter

JOf combines in a small and compact form the essentials
of what often form several distinct machines. As described

in the last chapter it will serve as a plain horizontal driller
useful for drilling holes in a division plate, or for fluting, and
also serves the purpose of a small lathe, which is often very
handy for light work. Placed vertically it will cut teeth in wheels
of any size within the compass of the lathe to which it is
attached ; or, with a suitable cutter, taps may be grooved by it.
When inclined slightly from the vertical it will cut wheels with
angular teeth, and is exceedingly handy for cutting the spacesin
worm wheels. The vertical motion allows the height of the cutter
to be adjusted to the greatest nicety. With the spindle placed
horizontally, grooves are easily cut across the face of a chuck
or any object fixed to it. By this means the base-plate of an
oval or eccentric chuck may be readily grooved along the
edges, with the absolute certainty that the grooves so made
will be true in every way. The grooves of a die<chuck may
be made in the same way, and innumerable other operations
that so severely task the skill of a filer may be done quicker
and better by the aid of this apparatus.

The vertical position of the spindle is necessary for wheel-
cutting, and also for grooving when circular cutters are used,
this being the most economical way of doing such work. The
angular adjustment is also very handy for many purposes. A
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vertical motion is indispensable when the height of the cutter
has to be adjusted, as is the case in wheel-cutting. In some
of the apparatus of this kind the sliding-piece, which carries
the cutter-frame, is fitted in dovetailed grooves, and much
labour is expended in fitting the saddle to these grooves. It
is, however, only so riuch work wasted, because a plain slide,
as shown, with a bolt to fix the saddle when the height has
been adjusted, is even more effective, and far less trouble to
make.

The illustrations are all drawn to scale, as explained in the
last chapter. Fig. 54 is a side-view of the complete apparatus,
showing the shape of the bracket which forms the foundation.
This bracket has its lower face planed, turned, or filed up flat
to fit on the top of the sliderest. Fig. 55 is a back-view,
showing the leading-screw by which the height of the cutter-
frame is adjusted. Fig. 56 is a view of the front. Here the
spindle, or mandrel, is shown. Fig. 57is a view from above,
and it shows the slot through which the bolt on the top of the
slide-rest passes. Having indicated the general purport of
each figure, I will proceed to particularise each. The draw-
ings are made from an apparatus fitted to a five-and-a-half inch
centre lathe, and the dimensions, where given, refer to that
sized tool. It will be very easy to reduce or enlarge these
dimensions to suit a smaller or larger lathe.

Fig. 54 shows the cast-iron bracket, the base of which is
four-and-a-half inches by three-and-a-half inches, and fully half
an inch thick when finished. The upright is five-and-a-
half inches high, and the same width and thickness as the
base. The angle is strengthened by two webs from three-eighth
inch to half-inch thick, and placed very near the edges, as may
be seen in PFig. 55. A strip is shown in Fig. 54, secured by
three screws to the edge of the upright. Another strip pre-
cisely similar is securcd in the same manner on the opposite
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side. These strips are conveniently made of bar-iron three-
Quarter inch wide by one-eighth inch thick and five-and-a-half
inches long. They have to be filed up true and square.
The edges of the upright angle-piece, of course, require to be
fnade flat first. At the top is seen the square end of the lead-
ing-screw by which the height is adjusted. The saddle, moved

Fig. 54. UNIVERSAL CUTTER-FRAME,

by this screw, is shown projecting slightly in front of the strip.
Against the saddle is the frame in which the spindle is fitted.
The spindle and the pulley by which it is driven are also
shown, but the illustrations given in Chapter VIIL. will give
the details more clearly,
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Fig. 55 is the back of the bracket, where the edges of the
webs are seen. The two strips are shown edgeways, with the
heads of the six screws by which they are secured showing,
The leading-screw need not be a large one, three-eighths of an
inch in diameter will answer. It is about five inches long. A

LRy

FIg. 55. BACK OF UNIVERSAL CUTTER-FRAME,

small projecting piece is cast on the back of the upright to
form the bearing of this screw. The screw is kept in by 2
collar held by the two pins shown. The slot down the centré
is about seven-eighths of an inch wide; it is cast in. The
length is sufficient to allow about three inches of traverse to
the slide. The hexagon nut fits a bolt driven through the
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centre of the saddle-plate. It is by this that the saddle is
fastened tight when the correct height has been attaincd. The
leading-screw has its lower end perfectly free. It would be no
better, but the fitting would be much more difficult, if this

Fig. 56. FRONT OF UNIVERSAL CUTTER-FRAME,

screw were pivoted into a hole in the casting, as shown in the
four-jaw chuck (Fig. 34).

Fig. 56 is the front of the apparatus. The spindle stands
vertically in the centre. It is six inches long, and three-
Quarters of an inch in diameter at the largest part—that is, at
the lower extremity where the shoulder is, The full-size
drawings of the two ends of the spindle in section (Figs. 49
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and 50) show this better. Instead of having a nose as usual
for the chucks to screw on, this spindle has an internal thread
—that is, a female screw. Behind the first collar the mandrel
is five-eighths of an inch in diameter, and parallel to the back-
collar, where it is coned to fit the bearing, and then turned
down to take the pulley. This is seen better in the full-size
drawings above alluded to. The casting, which carries the
spindle, has been described in the previous chapter. It is
about seven-sixteenths of an inch thick, with a groove down
the centre to allow the spindle to pass. The lugs in which
the collars are fixed are semi-circular projections, five-eighths
of an inch thick. Fig. 48 will show the form of these lugs as
seen endways. The two hexagon nuts in Fig. 56 are to clamp
the frame against the face of the saddle. The heads of the
bolts fit in a circular T groove turned in the thickness of the
saddle, and which enables the frame to be swung round entirely.
This is much more convenient than having curvilinear slots in
the top casting.* The T groove is shown in Fig. 6o. The frame
turns on a pivot left projecting from the end of the bolt by
which the saddle is clamped to the bracket. This bolt is shown,
full size, at Fig. 58. The two large holes through the top
casting, in a line with the hexagon nuts, are to take the bolt of
the slide-rest when the spindle-frame is fixed on it alone in a
horizontal position. The semi-circular opening seen near the
shoulder of the spindle is part of the slot shown in Fig. 55. The
scddle is shown in the position it would usually occupy when
the spindle was used vertically. A cutter screwed on a chuck,
fitted in the spindle, would be somewhere near the level of the
lathe-centres. The top of the saddle, which is simply a rect-
angular plate of cast-iron four-and-half inch by three-and-half
inch, and fully half-inch thick, is shown with its top edge level
with the top of the bracket. The lower edge is about an inch
from the base. The two sides fit tightly between the strips of
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.iron secured to the sides of the bracket. These confine the

side-shake of the saddle.

Fig. 57 shows the top of the complete apparatus. Here the
open slot is to allow the main bolt of the slide-rest to pass. A

Fig. 57. Top OF UNIVERSAL CUTTER-
FRAME,

thick washer, or, more
properly speaking, a
sleeve, is put on the bolt
to take the pressure of
the nut. The length of
the slot allows consider-
able space for adjustment
as to position on the top
of the slide-rest. In this
illustration the top of the
leading-screw is shown,
but properly it should be
nearer the face of the
bracket, so as to clear
the nut on the tightening-
up bolt (Fig. 58). The
diameter of the pulley is
here shown; it is two-
and-half inch. This is a
convenient size, though
for some work a larger
one is wanted. It is easy

to make one of hard wood for such occasional work. The
screw holding the pulley on the spindle is shown, also the
edge-views of the various slides, by which their thickness
may be gauged. By comparison with the three illustrations
previously described, it will be easy to trace all the other

parts of Fig. 57.

The bolt by which the cutterframe is held firmly against the
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bracket is shown at Fig. §8. It is made from a piece of round

iron one-inch in diameter and one-and-seven-eighths inch long ;

this is centred, and turned to the shape shown by the illustra-

tion. The projecting piece at the right-hand end is the pin

on which the cutterframe swivels angularly, Immediately

behind itis the collar, one

inch in diameter and one

eighth inch thick. A coni-

cal part follows ; this is

fitted into the sliding plate,

which is attached to the

Fig. 58, MAIN-BOLT, face of the bracket. The

bolt is thus driven tight

into the plate. A pin is necessary to prevent the bolt tuming

under the influence of screwing up the large nut at the back.

The plain eylindrical part which follows is that which slides in

the groove of the brackets. The hole through it shows the

place for the leading-screw which actuates the slide. The left-

hand end of the bolt has a five-eighth of an inch thread cut

on it to take the nut by which . ——t.

the sliding-plate is secured — F-E e

to the bracket, The face of the

slide is recessed out to take

the collar previously mentioned, so that the bolt is wholly

below the surfice, except, of course, the projecting pin on

which the cutterframe turns. A large washer is required

between the back surface of the bracket and the face of the
large nut,

The leading-screw to actuate the slide is shown at Fig, 59—
the upper end only is illustrated, to economise space. The
thread is a quarter-of-an-inch diameter and four inches long

collar, the total length being five
of this screw have already been

Fig. 59. LEADING-SCREW,
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given. The end is squared as large as possible to receive a
handle when the height of the slide has to be altered. An
ordinary Whitworth thread is as good as any for this screw.
The hole in the main-bolt, Fig. 58, through which it passes,
must be drilled and tapped when the slide is fixed against the
bracket, so as to ensure the tapped hole being precisely oppo-
site to the one which forms the bearing of the screw collar in
the bracket.

The sliding-plate is shown halfsize by Fig. 6o, which is a
sectional view taken through the middle. In the centre the
hole for the main-bolt, Fig. 58, is seen. It is shown recessed
out to take the collar of the bolt. Concentric with that hole a
groove is turned in the substance of the plate. This groove is

& o TN — 7.

Fig. 60. SECTION OF SLIDING PLATR,

shaped like an inverted |, as shown in Fig. 6o. The extreme
depth is about three-eighths of an inch, and the widest part of
the T is about half an inch, the narrow groove being three-
eighths of an inch wide. The diameter of the circular groove
is two and five-eighths of an inch, so as to bring it just under
the holes shown in the cutter-frame.

To make this T groove properly, special care is necessary to
ensure both undercut sides being alike. The method of pro-
cedure is this: First chuck the plate securely on a face-plate
or other convenient chuck. Then turn a recess three-eighths
of an inch wide and nearly the same depth, leaving two-and-a-
quarter inch of metal inside. This may be done with a thin
flat-nosed slide-rest tool. To undercut the T, a pair of L-
shaped tools will be wanted. The cutting edge of the L must
project at least onc-eighth of an inch, and the total width of
shank and cutting-lip must not exceed three-eighths of an inch,
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otherwise it will be impossible to get the tool into the groove.

By means of the right and left L tools the groove is undercut

on both sides as nearly as possible square. The upper sur-

faces of the undercut portions form the bearings of the clamp-

ing-bolts, and it is, therefore, necessary that they should be level.

To ensure this, it is best to finally finish them with one tool.

This is first used in the

ordinary way, to finally

smooth one of the under-

cuts. Its depth is care-

Fig. 61. CLAMPING-BOLT. fully noted by the position

of the slide-rest screw.

The tool is then withdrawn, and wound over to the further

side of the groove, where it is again introduced to precisely

the same depth. The lathe is set in motion in the contrary

direction, and the other undercut is finished in that manner.
Thus absolute coincidence in depth is ensured.

This circular groove allows the cutter-frame to be swivelled
round entirely. With curved slots, as usually
seen, the angular adjustment would not be
sufficient, as it is necessary to move the frame
through an angle of go degrees to adjust it from gyp 6, screw.
a vertical to a horizontal position.

In order to introduce the two bolts, one of which is shown
at Fig. 61, into the T groove, a hole is necessary at the back.
A section of this hole is seen in Fig. 60, at the left-hand part
of the groove. It must be five-eighths of an inch in diameter,
and may be at any part of the circle. In drilling it, a flat-
" ended rose-bit should be used.

The two clamping-bolts for the angular motion are precisely
alike. One is shown in Fig. 61. The bolt is three-eighths of
an inch in diameter, and one-and-a-quarter inch long over all.
The head is five-eighths of an inch in diameter, with circutar

M
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portions filed off on two opposite sides, so as to reduce the
width of the head to half-an-inch, and allow it to go into the
T groove. The portions filed off leave taces by which the
head of the bolt is held in the groove, so that it cannot turn
round when the nuts are being moved. The plan view of the
head, shown to the left of Fig. 61, shows the form it should
have. The head is just under one-eighth of an inch thick.
Fig. 62 shows one of the six screws by which the strips are
secured to the upright sides of the bracket. It has a quarter
of an inch thread, and is three-quarters of an inch long.
Chucks for this spindle are made to fit the mandrel-nose.
Wrought metal is generally used ; and as the chucks are only
small, steel may be employed without seriously affecting the
exchequer. Rod material, three-quarter-inch diameter, is the
most convenient. A stalk, three-quarters of an inch long, is
first turned to accurately fit the plain part of the nose, which is
seven-sixteenths-inch diameter. A thread is then cut on the
stalk to within one-quarter of an inch of the shoulder. The
whole is smoothed off, and the chuck should then fit the nose.
The shoulder should be quite square to fit the flat face of the
riandrel. The thread will be all the better for being slack, but
the parallel cylindrical part should fit accurately. The pro-
jecting part of the chuck is fashioned to form according to the
purposes for which it is required. It is scarcely necessary to
detail the various forms of chucks which are useful for this
apparatus. Those in general requisition are similar to some
of those illustrated in a preceding chapter of this handbook.



CHAPTER X.
MILLING AND PLANING ATTACHMENTS.

(Wi [LLING and Planing Machines are themselves the
DAY production of lathes. The former were used long ago
for treating surfaces. Planers were invented fifty years ago,
with the object of producing a machine that would do for
straight surfaces what the lathe then did for round surfaces.
Metal surfaces had been worked previously with milling-
cutters, but apparently not with great success. Adaptations of
these machines to be used on lathes have been often made.
It is unnecessary to attempt to recapitulate the various con-
trivances that have been made to act with varying degrees of
success. Manufacturers of lathes, and the various appliances
used with them, have as yet done but little towards producing
really serviceable attachments. There is here good scope for
work, and I hope to see produced some cheap and useful
milling and planing attachments, other than those illustrated
in this handbook.

The value of “milling” appears to be but little known
amongst a large portion of machinists. The milling machine,
as now perfected, will do much work much better and much
quicker than it can be done by any other process. In its
particular sphere the milling machine is of universal applica-
tion ; in fact so much can be done with it that its uses are
hard to define. Not only are flat surfaces treated, but
mouldings may be milled with equal facility. By a proper
adaptation of cutters, irregular surfaces may be produced and
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reproduced with the greatest ease. The milling machine
acting automatically, always works to gauge, and thus dupli-
cates standard sizes more accurately, and at a less cost than
any other machine. The hand file, of course, cannot claim
consideration in comparison with a milling machine. This

Fig. . HINES' MILLING ATTACHMENT.

has superseded the planer in many processes, and only
requires to have its merits known to ensure an extended
appreciation of its real value.

Milling, as practised on the lathe, usually consists in fixing
a circular cutter on the mandrel nose by a suitable chuck ;
the slide-rest being used as a meansof actuating the work
to be operated upon. This simple plan is very limited in its
application, a vertical adjustment being essential to most
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milling operations. By contriving an arrangement to fix the
top slide of the ordinary slide-rest in a vertical position, much
can be done with a cutter running on the mandrel nose. To
describe how such arrangements have been contrived would
occupy more space than I have at my disposal.

Fig. 63 shows a milling apparatus adapted for use on the
lathe, Mr. Hines is the maker. It will be seen that the
apparatus consists of a bracket, which is fixed to the lathe
bed by an ordinary holding-down bolt. A dovetailed sliding
piece, fitted on the front of this bracket, gives the means of

vertical adjustment. The
top part, forming the
table, has | slots. These
afford a hold for  the
heads of the bolts used
to fix the work. The
table is traversed to and
fro by the winch handle
shown. The cutter is
fixed on the mandrel. In
the apparatus illustrated
Fig. 64. BooTHS' SHAPING ATTAcHMENT there is no provision for
any fine adjustment
lengthways on the lathe bed. The apparatus has to be
shifted by hand, and fixed by the holding-down bolt as
nearly as possible to position. The maker says that this
apparatus is adapted for milling slots and key grooves, fluting
taps and reamers, finishing nuts and heads of bolts, cutting
gear wheels, milling the cutters for use in conjunction with
itself, besides an infinite variety of other work, which it will
accomplish in far less time than any other machine tool.
The apparatus illustrated costs £9 gs. The slotted table is
twelve inches long, the transverse feed movement eight and

w
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a-half inches. The vertical slide has a range of three and
a-half inches. An extra slide, giving adjustment parallel with
the lathe bed, costs £2 extra. A more powerful apparatus
than the one illustrated costs A1a.

Fig. 64 is a shaping aitachment, made by Messrs. Booth
Bros. It is shown fixed on a four-inch centre lathe. The
arm that carries the tool is fitted in a dovetailed slide at
right angles to the lathe bed. The arm is actuated by a pin,
placed eccentric in a catch-plate chuck. This pin, fitted
with a block to increase the wearing surface, slides in a
slotted arm, pivoted on a stud at the lower part of the
attachment, near the surface of the lathe bed. The action
of the eccentric pin produces a slow feed, and quick return
motion, of the tool. The slotted arm swinging on the stud
is connected with the tool arm by means of a connecting
rod, one end of which is fitted to the bolt seen projecting
from the horizontal slot in the tool arm. This slow feed
and quick return motion is commonly adopted in large
planers.

The table to which the work is attached has a vertical
movement on the saddle of the horizontal slide, to which it is
fixed by bolts. The slide fixed.on the end of the tool arm is
used to adjust the vertical position of the tool, after the table
has been placed somewhere near the correct height. The
horizontal slide, shown projecting on the front of the bed,
gives the means of moving the work in a line with the lathe
centres. The tool-box is of course hinged, to allow the tool
to clear the work during the backward stroke. The slide
carrying the tool-box is adjustable angularly, and it is shown
much out of perpendicular. When the lathe is revolved, the
arm carrying the tool is moved to and fro, the longest stroke
being about three inches. The horizontal slide has a traverse
of about seven inches; it is actuated by automatic feed from
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the mandrel. The pawl is shown projecting upwards at the
far end of the leading-screw, the near end being provided with
a winch-handle. This little attachment appears to be well
designed, and it should be a useful apparatus.




CHAPTER XI.
CIRCULAR CUTTERS.

A I RCULAR cutters are used to great advantage in many

@ processes incidental to shaping metal. Their employ-
ment is termed milling ; the operation being very similar to
moulding and planing wood by machinery. During the past
few years milling appliances have been greatly developed.
Milling-machines are now used in machinists’ shops where
large numbers of pieces exactly alike have to be produced.
Sewing-machines, fire-arms, and similar mechanism is mostly
made by means of circular cutters. Regular or irregular surfaces
may be treated equally well ; and an important application of
circular cutters is to cutting the teeth of gear-wheels. The
great improvements recently made in grinding-machines,
principally in the adaptation of emery-wheels, has conduced
greatly to enlarge the sphere of utility of circular cutters.
Milling-cutters can now be sharpened and kept in perfect
order for work by simply grinding. Formerly it was necessary
to soften the cutter, previous to sharpening with a file, and
then to re-harden it.

Americans have done much towards perfecting labour-saving
machinery, and the milling-machine is employed there to a
far greater extent than itis here. An American mechanical
journal recently published some remarks very pertinent to the
subject, which I will here reproduce, and commend them to
the consideration of our native machinists.

It is always a question of time for any machine, however
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petfect, ®© work its way Into wse in massfcturing establish-
ments. We were reminded of this, 2 few days since, by
observing that the proprictoss of one of our young and enter-
prising machine-tool mhufacturess an: axranging to do with
the miliing-machime, iIn some instamces, the entire work on
certain sizes of machine tools, that has previously been done
on the planer. They are satisfied that the work can be better
done in this way—that with properiy-constructed cutters the
work of the milling-machine is done more accurately to
" standard size than s practicable with the planer; and they
have demonstrated by actual trial that certain parts of the
work, upon which planer-work has hitherto been thought in-
dispensable, can be done with a milling-machine at a mere
fraction of the cost Many mechanics are impressed with the
idea that the milling-machine s only adapted to the use of
parrow cutters, thus precluding the possibility of operating
upon surfaces of considerable extent by a single process.
They might learn something to their advantage by witnessing
the operation of some of the large, splendid tools of this class,
designed for heavy work.

Another point upon which considerable misconception pre-
vails is in relation to the durability of the cutters used with
this machine. A very general opinion seems to be that
the cutiers are not only costly to make, but that they will
last but a short time. In relation to the first of these ideas—
the cost—with proper arrangements for making, the cutters
are by no means so expensive to make as might be supposed.
With reference to the second—the length of time they will
last—those who are not familiar with their use would undoubt-
edly be greatly surprised were they to extend their observa-
tions in this respect. In point of fact, the facility with

i ing-cutter removes a large amount of metal,
operation on extended surfaces, does not

T
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render advisable a high speed. In other words, the large
amount of work that can be got over by the use of the milling-
machine is generally so satisfactory that there is little induce-
ment to abuse the cutters by excessive speed. The most
important feature in this respect is the fact that the direction
of the cutter is such as to keep the cutting-edges almost
literally out of contact with the scale or skin of the metal
being operated upon. From this, and from the fact previously
intimated—that there hardly exists the inducement to crowd
the speed —the length of time that the cutters (which, of
course, should be made of the best material) will last is
remarkable. Another important feature of the milling-ma-
chine is the immense variety of work that may be done with
one. With reference to this, it may almost be said that the
greatest difficulty is to find what cannot be done with this
tool.

That the use of the milling-machine is an efficient aid in
assisting a shop to keep its work to standard sizes, especially
such work as is somewhat irregular in form, is apparent.
The ease with which irregular surfaces may, by a proper
adaptation of cutters, be produced and reproduced, when
compared with the tediousness and final uncertainty of other
processes, not only cheapens production, but renders it easier
to make any number of pieces alike than to make them unlike.
On such work the milling-machine does its own gauging
and measuring, and comes nearer, when required, to doing
its own finishing than most other machine-tools. Taken
altogether, it is a fact that a large percentage of mechanics
have but little conception of the milling-machine in its present
construction ; and in many instances where it is in use, the
variety of purposes for which it is available is by no means
appreciated.

Various forms of circular cutters are illustrated by the.



9o THE METAL TURNER'S HANDYBOOK.

accompanying engravings ; these mostly represent cutters
manufactured by Messts. Brown and Sharpe (US.A.). The
illustrations numbered Figs. 65 to 68 are milling-cutters,
supplied by Messrs. Selig, Soanenthal and Co. The prices

Fig. 65. CYLINDRICAL CUTTER. Fig. 66. CIRCULAR CUTTER WITH
TEETH ON SIDES AND EDGE.

vary according to size, and I have considered it unnecessary
to tabulate the prices as given in the catalogue. Fig. 65 is a
cylindrical cutter, having the teeth cut in a spiral form ; this is
a decided improvement on the straight tooth. Fig 66 cuts on

¥ig. 67. ANGULAR CUTTER. Fig. 68. ANGULAR CUTTER,

the edge and on both sides, so that it may be used for facing
work, or in the manner of a circular saw. Figs. 67 and 68 are
angular cutters, used for cutting the teeth of other cutters.
They are made both right and left handed, and with various |
angles. These cutters can be sharpened without being softened.
‘Uhe operation can be repeated till the teeth are ground away,

™
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leaving the cutter almost blank. This, after being scftened,
can be re-cut and hardened, retaining its original form, but
slightly reduced in diameter.

- In the manufacture of small machinery many of the pans

Fig. 65. PLAIN CIRCULAR CUTTER. Fig. 70, NARROW CU1TER.

are of irregular outline, requiring expensive cutters to produce
them. These cutters soon become dulled, and then require to
be annealed, re-cut, and re-hardened at a cost nearly equal to
new ones, while the steel of which they are made suffers injury

Fig. 71. CUTTER WITH SPIRAL Fig. 72. CUTTER FOR WHEEL
TEETH. TEETH.

from reheating, in the process of annealing and hardening,
Messrs. Brown and Sharpe say:—*Those parties who have
used our patent cutters avoid these difficulties as well as
the expense attending them, and are able to produce better
and more uniform work at less expense. Our cutters can
be sharpened by grinding without changing their form. The
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method by which they are made also admits of exact repro-
duction of form in duplicating cutters. The operation of
grinding can be repeated until the strength of the teeth
becomes impaired, thus causing them to greatly outlast cutters
produced in any other way. Parties having use for cutters
of the above description can send us cutters such as they
have been using, together with a correct outline, or a piece
of work showing what is required, and we will produce
patent cutters for the work.”

Plain milling-cutters are shown by Figs. 69 to 71 and
one for cutting gear-wheels by Fig. 72. These cutters are
made in Awmerica by the firm previously mentioned, and by
the Morse Twist Drill Co., and are sold by Messrs. Churchill
and Co. Their catalogue contains tabulated lists of prices.
Fig. 69 is a plain cutter made of various thicknesses, from
one-eighth to one inch on the edge. Those of larger diameter,
up to three inches, have the teeth cut spirally as shown in
Fig. 65. Similar cutters, differing but little in their form and
application, are shown by Figs. 70 and 71.

Fig. 72 shows a patent circular cutter used for cutting the
teeth of gear-wheels. These cutters, which are stamped with
the names of the manufacturers, are sold by Messrs. Churchill
and Co. The following particulars are given :—* We desire to
call the attention of machinists to our patent cutters for the
teeth of gear-wheels, which, from their peculiar construction,
can be sharpened when dull by grinding the faces of the teeth.
This operation can be repeated without altering the form of the
tooth which the cutter makes, thereby rendering them many
times more valuable than cutters of ordinary form.”

These cutters, for bevelled and worm-wheels, can be made
to order at short notice. Orders should be given by stating the
No. of cutter and the diametral pitch required. By diametral
pitch is meant the number of teeth to the inch in diametes
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on pitchcircle of any required wheel. In ordering cutters
for bevelled wheels give the largest diametral pitch, the
number of teeth in each wheel, the length of face of
teeth. In ordering cutters for worm-wheels, give the
number of teeth in wheel, and diameter of worm, and number
of threads to the inch. Eight cutters are made to each pitch,
and they are numbered consecutively. No.1 will cut wheels
from one hundred and thirty-five teeth to a rack. No. 2,
wheels from fifty-five to one hundred and thirty-four teeth.
No. 3, thirty-five to fifty-four. No. 4, twenty-six to thirty-
four. No. 5, twenty-one to twenty-fivee No. 6, seventeen
to twenty. No. 7, fourteen to sixteen. No. 8, twelve to
fourteen.

The Pratt and Whitney Company (U.S.A.) give the fol-
lowing particulars on cutters for cutting the teeth of gear-
wheels. The formation of teeth for gear-wheels has engaged
the attention of mechanics and scientific men for many years.
The conclusion generally reached has been that the sides of
the teeth should be epicycloidal curves, generated so that all
gears of the same pitch will run together. To accomplish
this it has been demonstrated, by theory and practice, that
all gears, to be interchangeable, must have their teeth formed
by the same generating circle, Various methods have been
resorted to, to correctly shape the cutter for cutting the teeth.
Much labour and study has been given to the subject by the
Pratt and Whitney Company, and the result is the invention
and perfection of two machines ; one, an epicycloidal milling-
machine, by which it is possible to mill a perfect epicycloid.
With this machine, large formers are made for use on a
pantagraph machine, which delineates the exact shape of
the former, and reduces it to any smaller pitch desired in
the cutter. With these machines the Pratt and Whitney
Company are prepared to make cutters for the market, and

P .
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will quote prices on application. They say that the number
of cutters required to cut from a pinion of twelve teeth to a
straight rack, is twenty-four for each pitch. ~

The following directions for using circular-cutters aie
given by the makers. The cutters should be kept perfectly
sharp by grinding the face of the teeth on the side of a solid
emery or vulcanite wheel, which has its edge bevelled on one
side so as to reach the bottom of the teeth. This wheel
should be put on an arbor with a shoulder and nut, so that
the flat side will run true, and at a velocity of from 2,000 to
3,000 revolutions per minute. If used in an ordinary foot-
lathe, the top of the rest should be made square or vertical
to the face of the wheel; or, what is better, use a small plat-
form in the placeof the rest. Then by laying the cutter on
the rest or platform, the face of the teeth can be ground
square, which is veryimportant. The cutters should not be
crowded too hard, especially when cutting through at the
end of the tooth. The depth of the space made by these
cutters should be as much more than is usually made as the
amount taken to round the corner of the cutter, which is one-
tenth of the thickness of the tooth on the pitch-line.

Few mechanics are familiar with the minute details of
gearing, and the necessity of exact sizing of wheels is often
overlooked. Two wheels gearing together must have their
centres at a correct distance relative to the diameters. These
points require, for their proper elucidation, more space than
I can devote to them in this handbook.
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CHAPTER XIL
SLIDE-REST TOOLS AND CUTTER-BARS.

[S@ .IDE-REST TOOLS are made in various forms tn
‘ suit different work. Square bar steel is usually
selected for making the tools. Cast-steel of special quality,
adapted for the work, should always be used. For foot-
lathes, from four to six inch centres, steel from halfinch
to three-quarter-inch square is the usual range. The length
may be varied from the form of the cutting end, but from
five to seven inches is the average. The end of each baris
forged to some particular shape, and frequently both ends
are so shaped, thus doubling the number of cutting-edges
without increasing the number of tools. This plan cannot
be adopted with tools that are cranked, unless the cranked
parts of each end are made at right angles. ‘Comb-screw
tools may be made with the teeth at both ends, and also be
used either side uppermost. Sets of slide-rest tools are sold
by most of the tool-dealers, whose names will be found on
another page.

The principles that govern the proper application of the
tools appear to be very generally neglected in workshop
practice. The slide-rest affords an inflexible hold for the
tools ; aud with plenty of power almost any tool may be made
to cut the material. Perhaps cutting is an erroneous term
to apply to the terrible way in which some tools act on metal.
A cutting-edge will penetrate best when it is thinnest; this
is known perfectly well, and the knowledge is put into
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practice every day with innumerable contrivances. Thin
edges cannot be adapted to all requirements, because they
are not sufficiently strong. Thus, chisels used on metal
must be thicker on the edge than is necessary for those
used on wood. Thin edges, that is those which are most
acute, cut best ; thick edges, that is those which are obtuse,
are strongest A slide-rest tool for metal turning must be
sufficiently sharp to cut, and sufficiently strong to withstand

breakage.
An illustration herewith, borrowed from ¢¢ Lathe-work,

1
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Fig. 73. CUTTING ANGLES OF TOOLS.

shows tools correctly applied for cutting both soft wood
and hard metals, By this it is seen that the slidevest
tool, with a strong cutting-edge suited to dividing the
cohesive metal, and the acute wood-turning chisel, each
have the lower face angle placed in the same position
with regard to the work. Therefore it is only the upper
face which wedges back and curls or breaks off the shaving
that is altered agreeable to the different nature of the material.
The line of centres is shown in Fig. 73 dotted a &, and
at precisely the height of this line should be the point of
the tool fixed in the rest. Here it may be advisable to
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point out that tools must be packed up with parallel strips,
otherwise the relative position of the angles is interfered with.

The edge of the metal-turning tool is formed by the meeting
of the faces a xand dx;a x being parallel with @ 4, and

d x 3°from the perpendicular, gives the angle of the point

as 87°, This is the most obtuse angle usually employed;
though for some purposes where a scraping action is
required the top face is bevelled off downwards to make

the edge even more blunt. The edge of the soft-wood chisel

is formed by the meeting of the faces ¢ » and 4 z, enclosing

25°, still keeping the lower face situated precisely as before.
The face of the tool 4 x, coming next to the work, requires to
be ground at a slight inclination, leaving the point prominent
to prevent the whole face touching the work, which by the
friction would greatly increase the labour of turning. When
this requirement is satisfied, the face should be as upright

as possible, and 3° from the perpendicular suffices. The
angles best suited for cutting metal are from 60° to go°
varying in accordance with the hardness of the metal to be
operated upon. The tools might be applied to any part of the
circle, even vertically above it, so long as the same relative
position is maintained ; but the sliderest as ordinarily
constructed necessitates the application of the tool on a
level with the centres.

Workshop slide-rest tools are frequently badly forged, badly
ground, and badly applied. Cutter-bars offer many valuable
advantages over solid tools, and should be adopted in prefer-
ence. Many of the leading firms of engineers use cutter-bars
throughout their works, with a most satisfactory result.
Some of the most common forms for slide-rest tools are
illustrated by the following figures. Fig. 74 is a roughing
tool ; thig is a very simple tool to make. The end of the bar

is somewhat flattened, pointed, and bent upwards. The
H
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cutting-point is rounded, and the upper face is usually ground
with the lefth-and edge highest. This gives a prominence
to the leading part of the edge when the tool is used for
roughing plain cylindrical work in the usual direction, from

right to left. Fig. 75 is a tool

@‘ _! very similar in form and uses.

\ It is a cranked roughing-tool,

Fig. 74. ROUGHING-TOOL. so called from the end being

cranked downwards. The ob-

ject of this is to place the point lower, and gwe more material
for re-grinding.

A V point roughing tool is shown by Fig. 76. The end
of this tool is bent upwards, with a triangular top face. The
front faces meet at an angle
of about 120° and the arris,
which comes near the centre
of the bar, is ground away,
leaving a slight face about one- Fig. 75. CRANKED ROUGHING-TOOL.
thirty-second of an inch wide.

This treatment applies to all slide-rest tools, for if the
acute arris is presented to the work, the edge becomes
blunted immediately. A knife-tool is shown at Fig. 77.
These tools are made in pairs, right and left handed. The
end of the tool is forged to
@L [ a narrow blade, the further
( side being ground flat ; the

Fig. 76. POINT RouGHiNG-Toor, top and end are bevelled
off to form cutting edges.

These tools are useful for finishing the ends of cylinders running
between centres, as their form allows the point of the tool
to reach the centre of the work against the poppet centre.
Fig. 78 is a planisher used for finishing the surface of brass,
and Fig. 79 is a similar too], but cranked. A plain point toel

I




SLIDE-REST TOOLS. 99

is shown at Fig. 80. This is, perhaps, the most simple of all
slide-rest tools. The bar from which it is made is only drawn
out slightly tapering, the

~
end is ground to a V shape, \
and the tool is finished. If (
wanted to work right or left Pls. 77. KNIFE-TOOL.

especially, the tool is bent
as shown by the dotted plan, which represents a left-hand
point-tool.

The foregoing illustrations are given as representations
of common workshop tools.
They are in general use, but
? several much improved forms

Fig. 78. PLANISHER. are shown in ¢ Lathe-work.”

Tools of almost any shape will

act, provided they have an edge of some sort; but a tool

correctly formed has immeasurable advantages. Economy in

power, expedition in produc-

tion, and excellence of work, )
are all promoted by the em- i
Fig. 79. CRANKED PLANISHER.

ployment of tools made on
correct principles.

Cutter-bars are now largely used in preference to the solid
tools. One shank serves to hold any number of cutters, and

. this is an advantage having
"‘\\ many valuable points. Some
‘ T — )} of these have been pointed
\ 2 out in “ Lathe-work. Two

dozen cutters for a cutter-
bar can be made from the
same weight of material necessary to make one solid tool,
This enormous economy in material conduces to the employ-
ment of the very best steel. When a tool of special form is

(0670

Fig 8o, ROINT-TOOL.
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required a comparatively very small piece of metal has to be

wrought, hardened and tempered. There is no direct advan-

tage in using solid tools, and where cutter-bars have super-
seded them a considerable saving has invariably resulted.

One of the most useful cutter-

bars for general outside turning

is shown by Fig. 81. It is

named, from the inventor, Hay-

don’s cutter-bar. The Britannia

Company manufacture these tools

Fig. 81. HAYDON's CUTTER-BAR. at various prices according to

size. A half-inch bar, made of

steel, costs 10s.; a three-quarter-inch bar, 12s. 64. The cutters

are made and sold ready for use for 6d. each, or they can be

cut from square bar steel, of suitable size, and hardened for

use. .

An adaptation of the same bar is shown at Fig. 84; it is

Fig. 82. UNIVERSAL CUTTER-BAR,

made by Hines, of Norwich, and is called the “ Universal.”
The jointed end to the bar affords a wide range of application
of the same tool. Without removing from the rest, it can be
fixed as a right or left hand tool, suitable for sliding and sur-
facing, and for cutting out angles upon either side, At all
points it is firmly and rigidly secured by the clamping-nut,
such combination making it equivalent to many ordinary
tools.
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The application of a simple machine-made joint ensures that
perfection of fit necessary to secure rigidity equal to a solid
bar. It enables the tool to be readily adjusted to any desired
angle up to 45° on either side of the centre line. This
is invaluable in the execution of the variety of work that falls
to the lot of the metal-turner of the present day, who uses a
slide-rest tool for completely finishing all kinds of cylindrical

Fi3. 83. OUTSIDE CUTTER-BAR.

work. This cutter-bar cos®s from £z 25, to_£2 ros., according
to size. ' '

Tangyes have patented the three cutter-bars next illustrated.
They are in use throughout the extensive works of the
firm, who state that the result is a great saving. Steel is
saved, and thus conduces to the employment of better quality.
Time is saved by the mechanic, who can replace a blunt

Fig. 84. BORING-BAR.

cutter by a sharp one without leaving his lathe. Wages are
saved, as no toolsmith nor striker is required.

Fig. 83 is a cutter-bar suitable for outside turning, screw
cutting, &c. The head has three slots ; the cutter may be
placed in either, according to the work to be operated upon,
As shown, the cutter projects to the left at an angle of
45* with the shank. The other two slots allow the cutter
to be placed parallel with the shank, or at an angle of 45° to
the right. The cutter is clamped by the screw shown on the
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top. These cutter-bars are made in various sizes, with shanks
from three-eigtths to two-and-a-quarter inches square; the
former are suitable for lathes of three inches centre, und cost
9s., the latter suit lathes twenty inches centre, and cost
42 5s. An intemnal cutter-bar for boring and screw-cutting is
shown at Fig. 84. This has a mortise-hole at each end, one

Fig. 85. COMBINED OUTSIDE AND BORING CUTTER-BAR.

diametrically across, the other at an angle. Clamp-screws at
each end are used to fix the cutters. This cutter-bar costs
from 8s. to .42, according to sizes, which are the same as
those of Fig. 83.

Fig. 85 is a cutter-bar which combines the uses of the two
last described. A glance will show that the shank, originally
like Fig. 85, has the corners cut off for about half its length,

Fig. 86. TIMMS' INTERNAL TooL-HOLDER.

and thus is made available for holding cutters for boring, as in
Fig. 84. The prices of the cutter-bar, Fig. 87, range from 11s.
to 42 10s. The cutters used with all these bars are very
much varied in form and use. The prices range from ss. to
4 5 per dozen ; the former are plain cutters for the small bars,
the latter complex cutters for the large bars. A box, contain-
ing a set of tools particularly useful for working at a foot-lathe,
is sold at £4. The contents comprise a cutter-bar like Fig,
with half-inch shank ; a set of sixty-four assorted cutters,
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including three screw-cutting tools for Whitworth’s threads.
Two extra clamp screws and a spanner are included. A
similar outfit, with only twenty assorted cutters, costs 42 2s.
Fig. 86 shows a tool-holder, known as Timms’ patent, used for
boring. The cutter is placed diametrically across the holder ;
it is held in a shank which has a long tail passing completely

Fig. 87. TIMMS' EXTERNAL TooL HOLDER.

through the square part of the tool. The shank is free to turr.
round, and so allows the cutter to be adjusted to any required
height, where it is fixed by a turn of the nut on the end.

Fig. 87 shows a tool-holder for external work. It is similar
to the tool last illustrated in the method of fixing the cutter,
but the shank is placed vertical and is short.

Cutter-bars for boring, and other internal work, are shown at

Fig. 88. * CLIMAX " CUTTER-BAR.

Figs. 88 and 89. The first is named the “ Climax.” The
cutters fit into a mortise-hole cut obliquely in the end, so that
the bottom of a hole may be turned out square. The cylin-
drical part of the bar is made in various sizes, to suit different
diameters of bore ; the price is 10s. 6d. The cutters cost 4s.
per dozen.

The “ Eclipse” internal cutter-bar is shown at Fig. 8g. This
consists of a bar of round steel, which slides through a square
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bar. This bar is slit on one of its sides, so that the pressure of
the slide-rest clamping-screws causes it to grip the bar. This
bar has the advantage of allowing the amount projecting to be
regulated to suit the depth being bored. Thus the tool is

Fig. 89. * ECLIPSE " CUTTER-BAR.

made available for working in deep holes, without in any way
affecting its rigidity for shallow holes. Mr, Hines considers
it to be unquestianably the best internal cutter-bar in use.
The bar costs from 15s. to 18s. ; the cutters 4s. per dozen.

A cutter-bar for parting metal is shown at Fig. 9o. The

Fig. go. PARTING CUTTER-BAR.

cutter consists of a strip of steel, which may be fixed at either
end of the bar, so that it will be at theright or left side, as may
be most convenient. The bar, complete as shown, with a
ghank nine-sixteenths of an inch square, costs At 1s. Larger
sizes are proportionately more costly. ,

Several useful cutter-bars are illustrated and described in
“ Lathe-work,” to which treatise I refer those readers inter-
ested in these useful tools,

Tempering tools of various kinds is an art of great import.
ance to every mechanic, practice being the most efficient
instructor. A few hints will be serviceable. When heating
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steel be careful not to overheat it. A charcoal fire, or a
Bunsen burner, are the best sources of heat. Steel must be
hardened before it can be tempered. The hardening is effected
by heating the metal to a bright cherry red, and immediately
plunging it into cold water. Many mixtures have been recom-
mended for hardening steel, but none are better than clean
cold water. The sudden cooling of the steel makes it ex-
tremely hard and brittle, and for most purposes the temper
must be drawn so that the tool will not break in use. The
tempering is effected by heating the tool till the cutting-edge
shows a change in colour, the depth of this colour indicating
the degree of tempering. A surface of the tool to be tempered
must be made bright and clean by grinding on the stone or
with emery. The tool is then heated at a point behind the
cutting-edge, in a smokeless flame. The heat will gradually
change the colour of the bright surface ; a faint yellow shows
first, this deepens into brown, which is succeeded by purple,
this changing to blue, and eventually to grey. As the change
in the colour progresses the steel becomes softer, and hence a
knowledge of the correct temper for various tools is necessary.
When the tool has attained the correct degree of heat it is
plunged into cold water, and all further tempering at once
arrested. Tools for metal turning are usually tempered to
some shade of yellow, but the quality of the steel will greatly
affect the ultimate result. Many tools are hardened and
tempered at a single operation. The steel is heated and the
point only plunged into water ; the tool is then withdrawn and
the heat in the shank draws the temper. This method is only
practicable after long experience, and it is not to be com-
mended.

Case hardening, a process by which iron has a steellike
skin imparted to it, usually involves the use of a certain plant
which need not be enumerated here. The following method
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can be practised in an ordinary fire, and frequently effects all
requirements. The iron article to be hardened is heated to a
bright red, and then covered with powdered prussiate of pot-
ash. The hot iron will fuse the potash, a covering of which
will adhere. The iron is again heated to redness, and again
covered with potash. These operations may be repeated
several times, or only once, according to the depth of hardness
required. The hardening is finally effected by heating the
iron to a bright red, and immediately plunging it into cold
water. The surface will then be as hard as hardened stecl
By these means, many tools required only for an odd job may
be made of iron, and be equally good as steel. The liability
to crack and flaw in hardening, to which steel articles are sub-
ject, is also avoided by using iron, but these latter tools wil
not stand much grinding,




CHAPTER XIII.
TOOL GRINDING. '

Bl DGE-TOOLS are employed in many mechanical opera-
i=Y4 tions; keen edges, properly shaped, always give the
best results, so that all those who employ edge-tools will find
tool-grinding a subject deserving close study. Grindstones
of various sizes, forms and textures, are employed for
grinding and shaping edge-tools. A flat circular disc of
sandstone, or sandstone grit, has been used for sharpening in
generations past. The ancient warrior put an edge to his
bronze spear-head by the means employed by the modern
cutler to give the keen edge to a razor.

Probably no workshop toul pays better for the care bestowed
upon it, or affects the work of an entire factory more, than the
grindstone. It is, however, almost an exceptional occurrence
to find a good stone, properly hung, running true and in
perfect order. The workshop stone generally has a trough
beneath it to hold the water. Being left with a portion of its
edge immersed, that part becomes softened, and the stone
wears unevenly. The out-of-doors grindstone soon becomes a
worthless wreck from the effects of the weather ; the sun’s rays
warping the wooden frame, and making the stone itself too
hard for use.

Although the applications of a grindstone are limited, still,
in its sphere it acts to perfection. No machine or process
has yet been devised to supersede the grindstone, and improve-
ment has added but little to this primitive tool. Science has
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produced artiicial compounds which take the place of the
oniginal patural stone; and they are often used advantage-
ously. They are, however, mew omly in the method
of manufacture. Emery compounds are now used very
extensively for all purposes of grinding, and they have many
advantages over the natural stones.  Probably the employment
of emery grinders will become universal at an early date. Even
oow they are fast displacing natural stones in Government
workshops, and other large factories where economy is studied.

Every employer of edge-tools should endeavour to get a
grindstone that will do its allotted work well, and in the quickest
time. A good grindstone, to replace one that is hard and
flinty, is always a paying investment A writer on the
economic conduct of workshops recommends that a bad stone
should be immediately broken up as the best means of saving
time and trouble, besides earning the thanks of those who
would otherwise have to use it. Only those who have used a
good stone, properly mounted, with its edge running perfectly
true, can appreciate the worth of a grindstone. Those who
have used only lumpy, badly-kept stones cannot form a just
estimate of the value of grindstones, asapplied to the produc-
tion of the edges of hardened steel tools. The requisites of a
good grindstone are uniformity of texture, a keen bite, freedom
from cracks and flaws, and sufficient cohesion to hold together
and withstand the enormous centrifugal force to which it is
often subjected.  Newcastle stones are widely known and
excellent. They vary in their texture, and coarse or fine grit
may be chosen as desired.  Artificial stones are made by
binding together silicious particles with silicate of lime.
According to the fineness of the grains of sand used, the
texture of the stone is modified ; or emery may be used inits
stead, resulting in a grindstone of very good qualities.

The grindstone for general purposes, as rejuired in the
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workshop of a metal-turner, should be at least eighteen inches
in diameter, though two feet is a better size. Itis then large
enough to form its own fly-wheel, the stone being mounted in
a frame of its own. A treadle is far preferable to a hand-
winch for turning the stone, as the latter generally necessitates
the service of two persons to grind. Even the most simple
tool, as a rule, requires the use of both hands to guide it on

Fig. 91. MORSE'S DRILL GRINDING MACHINE

the stone. When an attempt is made to turn the winch by
one hand, and hold the tool by the other, unsatisfactory results
are obtained.  For ordinary tool-grinding, sufficient speed is
got by turning a two-feet stone as fast as convenient by a
treadle.  'With a hand-winch the speed is much too slow.
When steam-power is used to drive, a surface velocity of three
to four miles per minute is sometimes attained for special
Puposes. Ransome’s patent free-grit stones, made by the
method previously mentioned, are asserted to have a tensile
strength of about six hundred pounds per square inch, and the
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best results are attained with a surface velocity of from two
to four thousand feet per minute.
For grinding the twist-drills, now so generally used in

Fig. 92. MORSE'S DRILL AND CUTTER GKINDING MACHINE,

machine shops, special machines are frequently employed.
Twistdrills are so eminently superior to the old-fashioned
shape, that consequently, when the first cost is not an insur-
mountable obstacle, the newer form of drill is used. The Morse
Twist Drill and Machine Co. now manufacture two sizes of

R
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machins, Messrs. Churchill & Co. import them, and the
accompanying illustrations show their forms. Fig. 91 shuws
a machine for grinding any drills under half an inch in
diameter. The price is £2 1s. 64. The larger machine is
constructed for grinding drills from three-eighths to two inches
in diameter. The price is £6 5s. The illustration, Fig. 92,
shows this machine also adapted for grinding the circular
cutters used for milling. This machine costs £8 1§s. complete.
The emery wheels are extra. It may not be superfluous to
point out that these drill-grinding machines may be used as
emery grinders for various other purposes,

Emery-wheels are now manufactured in large quantities and
retailed by shopkeepers throughout the kingdom. Grains of
emery are consolidated into wheels of all sizes and forms, and
a simple simile of their use is that the emery-wheel is to the
file what the circular-saw is to the hand-saw. It is a rotary file
whose cutting-points never grow dull. Emery-wheels used as
files will, in one minute, do work equivalent to that produced
by file-strokes a mile long. In other words the emery-wheel
will do in one minute work that would employ a filer over one
hour. Emery-cloth is also largely used for grinding purposes,
and, stretched over a flat surface, it will finish a surface better
than a file.

The cutting-edge of any tool is formed at the union of two
facets making the point of a wedge. Considerations of strength
determine the angle at which these facets meet. The thinner
the cutting-edge the better it will act, providing no strength is
required. A lancet or razor requires but little strength, and
hence these instruments are made with thin edges. A metal-
shearing machine requires great strength, and consequently
the edges of the cutters are thick. When tools are ground the
operation should always be conducted on scientific principles,
s0 as to produce the best results. The application of the tool
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to the work must also be correct. A properly-shaped tool,
improperly applied, will probably not be more effective than
one applied on correct principles, having a badly formed edge.
Well-ground tools, properly applied, are the essentials of
economic workshop practice.




CHAPTER XIV.
SUPPLEMENTARY ITEMS.

(QHEVERAL machines and tools, which have been ex-

A cluded from the early part of the book, form the
subject of .this chapter.

Fig. 93 shows a lathe possessing many unique features. It
is the production of G. Birch & Co., of Manchester, a firm
which is turning out some remarkably fine work. Lathes and
tools for amateur and high-class users are their specialty. The
lathe illustrated is constructed for ornamental turning of most
delicate and intricate nature and also for operating on heavy
metal work. The lathe is five-and-a-half inch centres, with
cast-iron bed and standards, a steel guide-screw the full length
of the bed. The crank has an adjustable throw ; and the steel
shaft runs in universal bearings, which adjust themselves to
the spring of the crank-shaft, causing the lathe to be very easy
running and free from the usual tremor. These bearings are a
new feature in lathes.

The fast headstock is double-geared with machine-cut
wheels. The mandrel is tubular, thereby allowing rods to pass
through. The division-plate is marked and figured to read at
sight so as to obviate counting, which is often a great nuisance
in fine dividing; an additional interpolating index is fitted
to read to thousandths of an inch. Inaddition to these appli-
ances for dividing, the mandrel has a worm-wheel, and by
means of finely-cut change-wheels on the tangent screw any
division may be readily obtained with absolute certainty. A

1
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segment engine with stops is also attached. The back gea
spindle is a duplicate mandrel with nose, &c., and thix foee- -

~ewrse FRGBSmE 8%

Fig. 93 BIRCE & Co.’s NEW LATHE.

ct medallion cutter, rose engine, and copying lathe, on the
ple invented by Mr. Jesse Lowe. At the back end of the

4
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mandrel a set of reversing wheels is arrarged for readily
changing the direction of the travel of the carriage, as in cut-
ting right or left handed screws. An improved catch arrange-
ment holds these wheels in or out of gear as required.

The poppet-headstock is fitted on a saddle, allowing the
centre to be set out of line for taper turning. Divisions on
the base show the amount that the centre is thrown out. The
boss of the hand-wheel carries an adjustable sleeve for indica-
ting the exact advance of the centre, forming a gauge in
drilling, &c. These adjustable micrometer indicators have
been in use for many years by the maker of this lathe, and
also by myself ; they have recently been adopted by others.

The slide-rest is fitted on a carriage which travels the entire
length of the bed, having a gun-metal clasp-nut to gear with the
guide-screw. Self-acting surfacing motion is also obtained by
a worm-wheel on the inner end of the shaft that takes the
quick traversing handle, The guide-screw may be operated
slowly and to the greatest nicety for dividing, by means of a
worm-wheel, actuated by the tangent screw which forms the
axis of the handle just below the fast headstock, forming a
micrometer showing exact distances moved by the carriage.
Slots of L shape are milled out of the carriage, so as to afford
means of bolting down work or apparatus.

The upper part of the slide-rest slides back right off the
carriage without necessitating any unscrewing. The leading
screw of the cross slide has an adjustable micrometer reading to
thousandths and to binary divisions of an inch. It has also an
efficient quick withdrawal motion with Birch’s improved self-
acting arrangement for releasing and locking by one movement.
The top slide fits into a socket and has a graduated base and
an elevating nut for adjusting the height of the tool. Stops are
provided to allow the slide to be replaced at any required
angle,
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The slow motion required for medallion and rose engine
turning is obtained by the spindle shown fitted to a bracket
projecting from the left-hand standard. This spindle is driven
from the small grooved wheel on the crank shaft and drives
the back gear spindle by means of a gut-band connecting the
pair of four-step pulleys shown. The back gear spindle
conveys motion to the mandrel by means of change-wheels,
which may be proportioned to produce simultaneous or different
rates of rotation.

The overhead gearing is supported by a pair of oval sec-
tioned standards. The arrangement of levers shown produces
an equal motion at both ends, so keeping the drum parallel
with the lathe centres. This new arrangement is an improve-
ment that will be readily appreciated. . A quadrant, not shown,
allows the overhead to be locked in any position. The drum
is provided with a frictional clutch arrangement at each end,
so that, by loosening the milled collars shown in the illustra-
tion the drum may be shifted along its shaft to any desired
position. The ends of the drum have V-grooved metal
pulleys, and by the aid of these very heavy wheel cutting, &c.,
can be accomplished with suitable apparatus,

The usual appurtenances accompany the lathe. They are
shown in the illustration Fig. 93. The entire lathe is got up in
a thoroughly workmanlike style. All surface bearings carefully
scraped to fit. The wheel-teeth are cut from the solid metal ;
all graduations accurately divided by machine. The lathe is,
as a whole, well worthy the careful study of all who are inter-
ested in high-class machinery, and reflects great credit on the
enterprising young firm that has produced a carefully thought-
out machine untrammelled with the incubus of tradition.

The illustration, Fig. 94, shows a new Gear-cutter, made by

‘ompany, which can be fitted upon the slide-
¢, and the cross and parallel slides are thus
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utilised to give the necessary traverse; or it can also be
fixed upon a tool-post. It is driven from an overhead pulley.
The circular cutters are held on the spindle by the nut and
washer. A vertical slide, actuated by a handle fitted to the
vertical spindle, shown broken off, gives the necessary vertical
traverse. This is a most useful adjunct to the lathe for
fluting taps, milling key ways, spiral fluting, cutting spur,

Fig. 94. BRITANNIA C0.'s GEAR CUTTER.

bevel and worm wheels, &c. Wheels with any number of
teeth can be accurately cut by aid of a division-plate. The
price is £4 4s., adapted for lathes up to 6-in. centres.

Fig. 95 illustrates a flange-mandrel particularly adapted for
tepetition work, the mandrel being intended to remain fixed to
8 facechuck which screws direct on the mandrel. It is made
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by H. B. Barlow and Co., of Manchester ; and the object of
the inventors was to overcome the disadvantages and loss
caused by driving solid mandrels into wheels and other pieces
to be turned. To accomplish this they make that part of the
mandrel which holds the work in three pieces, which expand
accurately parallel and thus give a thorough hold without
injury to the work. Holes of various sizes can be gripped on

NDREL.

the same mandrel, by using the different split bushes supplied.
A good expanding mandrel has many recommendations, par-
ticularly to amateurs, as it holds delicate work by the bore
without necessitating a special sized hole. The mandrels are,
I am informed, in extensive use, especially around Manchester,
and a silver medal was awarded to them at the Inventions
Exhibition last year,

Noble’s expanding mandrel, made by the Britannia Com-
pany, is shown at Fig. 6. The explanations given on the
illustration show the construction and use of the mandrel. The
mandrel has three grooves in which the steel slides, F, fit;

'Y



NOBLE'S MANDREL, 19

these slides expand automatically and parallel, and a heavy
cut tends to further tighten the hold. These mandrels are
made in eight sizes, the smallest, taking r{-in. bore, costs 35s-,

Fig. 96 NOBLE'S EXPANDING MANDREL.

and the largest, taking 5l-in. bore, costs £5 10s., each having
a range of from -in. to $-in., according to size.

Fig. 97. THE "“ONGAR" ToOL BAR.

The “ Ongar ” tool bar is the name given to the slide-rest
tool shown at Fig. 97. This tool-holder has a peculiar feature
of very great importance—there is no overhanging part. The
bottom can rest its whole length on the top of the slide-rest,
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and the tool itself merely projects a distance equal to the
depth of the cut to be taken. The cutters are made of tiian-
gular bar steel and pass right through the shank. No smith-
ing is required and the cutter is fixed so that its leading

No. 98. FRONT SLIDE LATHE.

faces have just enough angle of clearance. The section of the

bar gives the angle of 60°, which is well suited for steel and

iron; all the grinding is done at the end of the cutter. Right
made and a screw can be used for
of the wedge shown.



FRONT SLIDE LATHE. 121

A lathe having a slide along the front of the bed is
shown at Fig. 98. The special feature of this lathe is that
the sliderest can be slid along the bed past the poppet
head, without entirely detaching. The slide-rest is clamped
to the front of the bed by means of the lever handle shown.
The handle of the cross slide may be used on either end of
the slide-rest screw, and for internal work it is often found
convenient to put the handle on the far side of the rest, and
to turn it with the right hand. Thus the workman may lean
over the lathe and get a good view of the tool at work. The
lathe illustrated is 43 inches centres, and the bed 3 ft. 6 inches
long. An arrangement is shown for readily adapting the lathe
to be driven either by foot or by power. For the latter, a belt
from the main shafting would pass over the pulleys on the
right hand end of the crank-shaft and would be shifted bv the
belt-striker shown under the bed. When the belt is on the
loose pulley, the lathe is available for working by foot. Messrs.
Pleii and Co. call this lathe * The Electrician.” and charge
£19 105, for it



CHAPTER XV.
LATHE MOTORS.

OTORS, actuated by steam, gas, water and air, are

largely used for driving lathes. Large flying-wheels
turned by hand, formerly much used, are now but rarely met’
with. Steam is the motive power that is pre-eminent in large
factories, but various small gas-engines are now used in fac-
tories of less extent. Owing to the importance of the subject
of economising labour, I have deemed it advisable to devote
a chapter to lathe motors, even in this manual, which pro-
fessedly treats of the foot lathe only. Mechanical motors
have become the source of driving by far the largest number
of lathes used in the various industries. The cheapness of
the power is its chief recommendation, and is the one that
commends it to manufacturers.

Foot power possesses advantages for many operations, and it
cannot be entirely superseded by mechanical power. When
driving with his own muscles the turner has complete control
over the machine he works. The various speeds requisite for
various operations are regulated intuitively by the practised
workman. For treating delicate work this power is essential.
When turning becomes an almost automatic process, a mechan-
ical motor is cheaper and more effective. In an early chapter
some remarks bearing on this subject will be found. The
following illustrations and particulars are given with the object
of affording a means of comparing the different points of some
motors suited for driving lathes, &c.
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Hindley and Co. have produced some steam engines that
are particularly suited to the purposes above mentioned. The
engines are well-proportioned, the bearings are long, and fit
in gun metal journals. The governor is constructed to ensure
a uniform speed under varying work.

FIG. 99. STEAM ENGINE TO BURN GAS FUEL.

The steam-engine, shown at Fig. g9, is constructed to burn
gas as fuel, and thus offers many valuable advantages to those
who stop and start work at irregular or frequent intervals.
These engines are lighted instantly, they require very little
attention, and make no smoke, dust or dirt. The price varies
from £40 for a half-horse power to £130 for a four-horse
power. The illustration shows the various details of construc-
tion very plainly.
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Gas engines have p~~v become very generally useful. They
may be started instantly at full power, and stopped with equal
facility. They do not need constant attention, and are from

F1G. 100. BIsCHOP GAS ENGINE.

many causes, the cheapest motor for working. To explain
the principles and discuss the merits of the various gas engines
now in the market, does not come within the scope of this
handbook. The accompanying illustrations show some of the

most useful engines made. The particulars given with each
™~

|
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will suffice to enable the reader to infer something as to cost,
capabilities, and expense of working.

The “Bisschop ” engine, is shown by Fig. 100. The popu-
larity of this engine is evinced by the large sale it has had,
and the effectiveness with which it will perform various work,
incidental to metal turning is proved by the testimony of those
who use it. ‘The prices of the engine, which is made in four
sizes, are: one-man power, £25; one-and-a-halfman, £30;
two-man, /£ 35 ; four-man, 450. The cost for gas to work
these engines to their full power is 4., 4., 4, and 132, per
hour respectively. I cannot do better than quote from the
testimony of those who have « Bisschop” engines in constant
use, in order to show their merits. One engine drives a five-
inch centre lathe, easily taking a three-sixteenth cut off inch-
and-a-half wrought iron. Another, driving a six-inch surfacing
and screw-cutting lathe, takes "three-sixteenths off three-inch
wrought iron. Another, one-man-and-a-half power drives a
six-inch Whitworth lathe, and also a grindstone ; the owner
an amateur turner, being very pleased with its performance.
The makers issue a pamphlet in which are printed numerous
testimonials, which afford very interesting information on the
uses to which the * Bisschop ” engine has been applied.

The “ Otto” gas engine has achieved a reputation which
gives it a pre-eminent position. Fig. 101 shows the pattern of
these engines. The price begins at ,£6o, for a half-horse
power (nominal) ; this engine weighs about twelve cwt., and
will indicate over one-horse power. Other sizes are made up
to sixteen-horse (nominal), price 4350, this engine indicating
from thirty-six to forty-horse power. The consumption of gas
by these engines, when in good order, may be taken at from
eighteen cubic feet of gas per indicated horse power per hour
for the sixteen-horse power, to twenty-five feet for the half-horse
power, the larger sizes using less in proportion than the
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smaller. This assumes the engine to be working up to its
maximum power. The consumption of gas in practice will
however, depend on the amount of work done by the engine.

FIG. 101. * OTTO" GAS ENGINE,

is some-
se power
fine run-
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The principle of combustion in this gas engine is entirely
new. In it an explosion does not take place in the ordinary
meaning of the term. A small part only of the charge is com-
bustible, which on ignition serves to expand the remainder,
thus avoiding shock and effecting great economy. The engine
has also the peculiarity of igniting its charge at the Jeginning
of the stroke, leaving the whole of the stroke for effective
expansion of the gasses. Every part ot these engines is made
to gauge, and is, therefore, easily replaced. ‘The wearing por-
tions are also of the simplest and most inexpensive patterns :
for instance, the working barrel of the cylinder itself can be
supplied for about one-and-a-quarter per cent. on the first cost
of the engine ; and being strictly to gauge, can be put on in a
few hours. The pistons are of great length—of which the
peculiar construction of the engines readily admits, and being
also as light as possible, ride on the oil with the least degree
of wear. They bave now run for years without repair. The
slide valves keep in excellent condition with proper care; but
as far as possible, to prevent risk of stoppage even through
neglect, they are supplied in duplicate with each engine, except
with the half-horse power size, without extra charge. They
have been much improved by an arrangement under a recent
patent. ‘These engines will run with extreme smoothness and
regularity of speed, and have very few working parts.

A small hot air engine shown at Fig. 102, is manufactured
by Messrs. Bailey. This little motor is called the “Bee; ”
the price is 415, a lxiger size, £20. The “Bee” is driven
at a cost of one farthing per hour, by a gas-jet with a Bunsen
burner. It can be taken apart and cleaned by a boy without
fear of derangement.

The engine consists mainly of a cylinder, one end of which
is within the stove, and the other surrounded by a water
casing. It is kept at work by the alternate heating and cool-
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ing of the air within the cylinder at every revolution, and re-
quires no attention beyond the oiling of its working parts §
every three or four hours.

FIG. 322. " BgR" MOTOR.



CHAPTER XVL
MISCELLANEOUS ITEMS.

B ANY items of interest to the metal turner could not be

included under the headings of the previous chapters.
Useful notes of the most varied nature will, however, be
appropriate here. The lathe and its various appliances con-
tinually require adjustment and attention, other than that
comprised in the work of the turner. Those who work at a
foot-lathe have to carry out many processes which have not
been mentioned in this manual, though they are inseparable
from lathe-work. Miscellaneous items incidental to metal
turning would occupy an almost limitless space, so only some
of the more important can be introduced here.

Lubrication is a subject that has many features of interest to
those working at a lathe. The machine itself must be lubri-
cated, and the cutting tool should also be lubricated. Messrs.
J. Veitch Wilson & Co., of Glasgow, oil manufacturers and
refiners, publish some valuable information on lubricating oils.
The firm will send any of their published pamphlets free of
cost, and they are well worth careful perusal by those inter-
ested. Sperm oil, olive oil, and others have many advocates,
but oil specially manufactured for the use to which it is
to be applied is the best. Oils of different kinds possess
different qualities, and, if these are duly considered and
judiciously combined by admixture, the most satisfactory result
is attained.

Lubricating liquids for turning are various ; soapsuds are

K
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perhaps in most general use. The addition of cil is an
improvement, any waste will serve the purpose, soda should
always be added, it allays the rusting tendency of the water.
Wroughtironand steel shouldalways be lubricated when turning,
the work proceeds faster, the tool cuts better and will last longer,
and less power will drive the lathe. A reservoir to contain
the lubricant should be provided, and by means of a spout the
fluid can be directed to any part. It should always fallon
the work at the point where the tool cuts. A tray should be
provided beneath to catch the lubricant, which may be re-used
many times. When the slide-rest travels along the bed, as in

2
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FIG. 104.—SECTION OF BELL CENTRE PUNCH.

screw-cutti_ng, the reservoir should be fixed to, and travel with
the rest.  For some purposes petroleum is a very good lubri-
cant, and pure oil is excellent, but too expensive for general
use.

A useful tool for centring all forms of rod metal is shown by
Figs. 103 and 104. The first is an elevation, the second a sec-
tional view showing construction. The tool consists of a steel
centre punch, fitted in a gunmetal guide which has a cone
shaped mouth. A spiral spring keeps the punch at the apex
of the cone. When using this tool, the cone is placed over the
work to be centred, as shown in Fig. 104, and, by a light blow
from a hammer, the point of the punch indents a centre mark.
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This mark is deepened subsequently by means of an ordinary
centre punch. Several sizes of bell punches are made to suit
rod metal of various dimensions. Regular polygons can also
be centred withit. I have successfully used in constant practice
a punch of the above description, which was supplied to me by
Messrs. Booth Bros. The end of the rod to be centred has
to be made tolerably flat, and the punch must be applied
upright to ensure success.

Speed for turning and rate of feed are subjects that should
have been determined long ago, but Mr. Northcott thus
facetiously treats these topics in his ¢ Lathes and Turning.”
“ The practice in the matter of speeds varies somewhat in
different workshops and with different workmen. The usual
speed cannot be ascertained with certainty by calculating the
speed at which a certain workman drives his lathe, nor even by
taking the average of a good number of workmen. The
average speed in large workshops will generally be under the
average speed in small establishments. In other words, the
average speed in establishments overlooked by the master will
usually be found above that of establishments overlooked by a
foreman. Another more remarkable fact is, that the speed in
hot weather will often be less than the speed in cold weather.
The power required to drive a lathe and the speed at which it
should be driven are points worth serious consideration, but
very little attention is usually given to them. Most workmen,
who habitually use power-lathes, would profit by a few months’
work at a foot-lathe. With the best tools the work is rather
tiring; but with badly shaped tools the work is still more
laborious. The difference is readily perceivable by the work-
man driving the lathe, and there is a weighty reason for using
properly shaped tools.”

On enquiry in large turning shops as to the speed adopted,
I have been much surprised to learn that the subject receives
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but little attention. Each turner works at whatever speed he
may choose, and that is generally just where the driving band
may act with the least trouble. The only facts that I can
commend are based on experiments made with slide-rest tools,
made of the best steel and untempered after hardening.
Wrought-iron shafting was turned at a speed of fully forty feet
per minute, the feed being one-sixteenth of an inch. Sixteen
feet of shafting, two and a-half inches in diameter, may be
turned at this rate in 2 hour. The following rates of speed are
recommended. Supposing the work to be one inch in diameter
the number of revolutions per minute should be : Brass, four
hundred and fifty; cast iron, one hundred and forty five *
wrought iron, one hundred and thirty-five ; steel, seventy-five.
The same materials, three inches in diameter, should be turned
at one hundred, forty-five, thirty, and twenty-five feet per
minute respectively. These speeds are for average work on
average materials, using the best tools in the slide-rest. For
hand turning the speeds may be increased considerably, as in
this case the tools are withdrawn so frequently. It is evident
that some systematic experiments are necessary to determine
the speeds that are most economical, and it would afford me
much satisfaction to see the results published.

Since the above was written, Professor R. H. Smith has
published, in his manual on ¢ Cutting-Tools worked by Hand
and Machine,” the results of some very interesting experiments
with cutting-toolsused in the lathe, The observations he made
are so particularly appropriate here, that I am constrained to
reproduce them as fully as possible. Plotted diagrams are
given showing curves co-ordinating the cutting forces under
various depths of cuts and various widths of shavings in cast
iron, in wrought iron and in steel; these serve to graphically
illustrate the results of the experiments. With but slight
alterations the context is as follows :—-
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The cutting force required in lathes varies rapidly with the
depth and breadth of shaving turned off. One large portion
of the power consumed by a lathe is expended in overcoming
the friction of the bearings, in bending the belts or bands
whose stiffness resists their motion round the pulleys, and in
driving the traversing gear of the slide-rest. The chief point
of scientific interest, is to discover that part of the power
actually spent in the removal of the shaving. A series of
experiments were carried out by Professor Smith to find out
how this power varies with the depth of cut, with the breadth
of the traverse feed, and with the velocity of the cutting.
Measurements were taken undertwo hundred and forty different
conditions, either of cutting speed, depth of cut, or amount of
traverse. One hundred and twelve of these experiments were
made on cast iron, sixty-four on forged steel and sixty-four on
bar iron.

For the cast iron two tools were used, the first tool having
proved to be tempered too soft. The second tool was ground
exactly to the same shape as the first, but was hardened in
salt water; it lasted well, not requiring to be re-sharpened
throughout the sixty-four experiments for which it was used.
Nearly all the rake was put on the side of the tool, which was
shaped with a round nose, suitable for a moderately heavy cut.
The cutting face was ground so as to give an angle of 24° for
top rake.

For the wrought-iron and the steel, one tool was used
throughout the one-hundred-and-twenty-eight experiments.
Nearly all its rake was on the side, being 46}° and the edge
being round-nosed. This tool was hardened by quenching
in water in which salt and wheaten flour were mixed. It was
used without any tempering, and did not require any sharpening
throughout one hundred and twelve experiments, in each of
which it cut a shaving from an average diameter of two-an
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three-eighths inches, with a traverse of about one-and-a-quarter
inches. Its edge slightly broke at the ome hundred and
thirteenth experiment in taking a cut, 14 inches (3%) deep
on wrought iron of inferior quality with a good deal of dirt in
its texture. The tool, after re-grinding to the same shape lasted
well for the remaining sixteen experiments, cutting the same
depth on the same material.

The cast iron experimented upon was of good soft quality,
the diameters cut were sixteen and five-eighths inches, seven
inches, and three-and-a-quarter inches, and the difference in
diameter was judged to make little or no difference in the force
required for cutting, other conditions being the same. The
steel used was a tough forging two and five-eighths inches
diameter. The wrought iron was common bar of inferior quality
two-and-a-quarter inches diameter. All the cuts were taken
without any lubricant being applied to the tool, and the tool
was carefully kept in same position throughout.

One of Smith and Coventry’s swivel tool-holders was used,
it had a five-sixteenths inch hole drilled through its shank
parallel to the axis of the work at a short distance from its
front end. A cradle of wrought iron was made to take the
holder, so that it was secured sideways but free to move on the
pin through a short vertical arc. The cradle was bolted on
the tool-plate of a back-geared lathe fourteen-and-a-half inches
centre. The vertical motion of the tool-holder was limited by
the spaces above and below. These were filled by small steel
feeler-plates, which together, just prevented any motion of the
shank, but which could themselves be moved so as to feel what
pressure was confining them. The shank of the tool-holder
was prolonged by firmly bolting to it a long bar of iron,
graduated like a scale-beam and fitted with heavy and light
weights, by means of these the pressure on the tool could be
accurately balanced. An arrangement was made for putting

N
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the whole apparatus in equilibrium after the tool was in position
and before either weight was attached. The feeling pieces
showed with great delicacy, very slight variations in pressure.

On commencing an experimental cut, the pressure on the
tool point would be counteracted by the top feeler-plate and
this would be firmly wedged till the heavy weight was shifted
along the bar to approximately balance the pressure. The
small weight was then shifted to adjust the balance so as to
give equal freedom to the two feeler-plates. The very heavy
cuts caused so much tremor that the feeler-plates felt tighter
than when the lathe was steady, but after a little practice it was
always easy to set the weight so as to precisely equalise the
pressure on each feeler-plate, when the cutting point sustained
a pressure up to about 200 lbs., a difference of 2 lbs. was easily
felt, up to 600 Ibs. to 700 lbs. the possible error was not more
than 3 Ibs., and the greatest load used, 920 lbs., was gauged
within 5 Ibs.

Each cut was taken at four different speeds, ranging from
the slowest speed of the lathe to the fastest at which it was
capable of making the desired cut. As in some of the
experiments the cuts taken were heavier than suited the lathe
the highest speeds in these cases are below what would be
practicable in a larger lathe under similar conditions of work.
‘The speeds at which the metals were cut varied as follows :—

Cast iron, from 14 feet to 21 feet per minute,
Wrought ironv ” 9‘} ”» Ii' ” ”
Steel, »w O w IF » »

In all cases the pressure was measured at each speed. The
results showed that there is a very trifling increased force
required for increased cutting speed. This slight increase is
constant for all conditions of cutting for deep or shallow cuts,
for broad or narrow feeds and for all the three metals
experimented upon. The increase of force corresponding to
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the alteration from the slowest to the fastest speed averaged
about 251bs. Inone experiment it was as great as 4o Ibs., and
in two as small as 10 lbs.

The following examples illustrate the comparative resistance
to cutting in the three metals experimented upon. In each
case the feed traverse is the same, viz. ©0385 inches, a trifle
over ¢ inch.

Depth Cutting  Pressure
of cu;1 specd  on tool.
. ‘03 inches. 130 feet. 176 lbs.
Cast iron, {,05 ., 1277, 252 o

. ‘03 9'6 190
Wrought iron, {'06 . o1 » 470

‘0 ‘8 o
Stee) les 7 315 &

These figures show that forged steel takes from 2 to 2}
times the power required to cut cast iron, for both thin (@ inch)
and moderately thick ({5 inch) shavings. Wrought iron takes
very little more power than cast iron for thin (4 inch)
shavings, and rather more than one-and-a-half times the power
for the thick. For broad thin shavings, it was found, that
cast iron required more power than wrought. The rate of
tool traverse causes a very decided variation in the pressure,

as the following table shows.

Traverse Pressure
feed. on tool,

Wrought iron: cutting :2333 432 Ibs.
speed 9'1 feet per ,ogsg ‘;;o :
minute. 088 5 70- »

Steel: cutting speed :2-3‘8’.; 25’3(5, 1bs.
° ”»
3 :nfi';igel‘ ‘0555 705 »
* ‘0606 810 ,,

Depth of cut was *06 inch, in all the above experiments.
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The figures published by Professor Smith do not afford such
useful information as would have been available, had the
experiments been conducted with systematic differences of
speed, traverse and depth of cut. All these quantities are
continually varying throughout the experiments, and there is
no data to furnish rheans of calculating the most advantageous
conditions, considering all the factors of speed, traverse and
depth of cut. The three accompanying tables are arranged to
show, as much as possible, concerning the results attained.
Each table is complete in itself, as far as it goes, but there is a
great want of more data.

TABLE 1.—Pressure oN TooL.

Cast Iron. Wrought Iron. Steel.
T;:‘ée;? in, in. in. | in. | in. in. | in. i:ﬁ.
. ‘05 ‘135 ‘03 06 ‘14 ‘02 ‘04 .
Cutting || g2 g | £ | £ | f

ft. ft. ft.

Tool. 12'7 II'x 96 9'1 79 6 58 51

Pressure on the cutting edge, in pounds.

‘0303 228 510 165 | 435 | 630 185 | 365 | 615
‘0385 252 620 190 | 470 | 760 215 | 430 | 680
‘0555 288 690 215 | 530 | 8ro 250 | 480 | 705
0606 340 775 250 | 570 | 920 315 | 665 | 810

The first horizontal line of figures show the depth of cut in decimals
of an inch, and the second line of figures show the surface velocity in
feet, per minute, in each series of experiments. The first vertical
column shows the traverse feed of the tool in decimals of an inch.
The remaining figures show the pressure, in pounds, on the cutting
edge of the tool under the various depths of cuts and rates of velocity
given in the first two horizontal lines,

The table of cutting forces show what pressure is exerted on
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the point of the tool, and, by this table may be noted the
effect of varying the traverse feed. The top horizontal line
shows the pressure exerted in cutting a shaving ‘0303 inch
wide, and the bottom line shows the pressure when the width
is doubled. In every case. the pressure is increased propor-
tionately less than the feed, so that coarse feeds are evidently
economical. The figures available do not, however, afford any
indication of the effect of increasing the feed beyond ‘o606
inches till the limit of economy of coarse feeds is passed. In
each case, when the depth of cut has been altered, the rate of
speed has also been altered so there is no indication as to the
relative economy of either simply altering the depth of cut, or
of altering the speed of the work.

TABLE II.—QUANTITY OF METAL REMOVED.

Cast Iron. ‘Wrought Iron. Steel.
Tf‘a‘(’ffsf in. in. || in. | in. | in. || in. | in. | in.
Ceett'g ‘05 ‘135 || 03 | 06 | ‘14 || o2 ‘04 | 06
Tool || 152’5 | 13325 || 11525/ 10025 95 | 72 | 6975 6125

Quantity of Metal removed, as Shavings, in cubic inches.

‘0303 138.6 | 3270 || 6281192 |241'7 | 26'2 | 507 | 66'8
‘0385 Il 176'1 | 4155 || 798| 1514 | 307°2 || 332 | 64'4 | 81'3
‘0555 |l 253'9 | 5084 || 1151 | 2183|4428 | 479 | 929 [12277
0606 2772 | 654’0 || 1257 | 2383|4836 || 52'4 |101'4 (1336

The first horizontal line of figures show the depth of cut in decimals
of an inch, and the second line of figures show the surface velocity in
inches, per minute, in each series of experiments. The first vertical
column shows the traverse feed of the tool in decimals of an inch.
The remaining figures show the quantity of metal removed, asshavings
in cubic inches, under the various depths of cuts and rates of velocity
given in the first two horizontal lines.
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The next table shows the quantity of metal removed as
shavings, as the result of ten hours’ work, calculated from the
data in the previous table. As the speed differs in every case
where the depth of the cut differs, satisfactory comparisons are
difficult to make,

TABLE III.—QUANTITY OF METAL REMOVED PER UNIT

OF PRESSURE.
Cast Iron. Wrought Iron. Steel.
Traversel io | in. | in. | in. | in. | in. | in. | in,
‘06 ‘14 ‘02 ‘06

tti 05 | 135 || ‘03 04
C’i]‘oc;ﬁg 152°5 | 133'25 || 11525/ 109°25| 95 72 | 69'75| 61°25

Quantity of Metal removed per 1b. pressure, cubic inches.

‘0303 ‘608 | ‘641 || *380 | ‘274 | ‘352 || ‘142 | '139 | ‘108
‘0385 ‘698 ‘686 || ‘420 | '322 | '404 || ‘154 | ‘150 | ‘119
‘0555 881 | 867 || 535 [ ‘412 | 546 || ‘191 | ‘194 | ‘159
0606 ‘815 | 844 || ‘500 | 403 | 526 || ‘166 | ‘167 | ‘140

The first horizontal line of figures show the depth of cut in decimals
of an inch, and the second line of figures show the surface velocity in
inches, per minute, in each series of experiments. The first vertical
column shows the traverse feed of the tool in decimals of an inch.
The remaining figures show the quantity of metal removed, per pound
pressure, in cubic inches, under the various depths of cuts and rates
of velocity given in the first two horizontal lines.

The economy of wear and tear in the execution of a given
quantity of work may be seen in the next table, where the
quantity of metal removed for each unit of pressure on the tool’s
edge is shown is thousandths of a cubic inch. By this may be
seen that the results shown by the thirty-two experiments in

Table III. are as follows :—
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Of 8 in. cast iron, the 3rd was most economical, the zst least,
» 12 ,, wrought iron, 11th " " sth ,,
» 12 , steel, 7th ” » oth

These figures should prove interesting to metal turners and
will, I hope, lead some of my readers to make further experi-
ments of which I shall be glad to hear.



INDEX.

———

PAGE PAGR

DVANTAGE of Slide-Turning 35 CASE-HARDENING e .. 10§

Amateurs’ Lathes .. . 5 Centring Tool .. e ee 130
American Lathes .. 8, 21 Chain-Band Treadle Connec-

Slide-rests .. . 40, 41 tions .. e 517,13,19,23

Angles for Cutting-Tools .. .. 96
Attachments, Milling .. .. . 82
Shaping . o . 84
Automatic Lathes . . . 2

ACK-GEARED Lathes 10, 11, 12,
B 13, 16, 17, 19, 21, 22, 33,26, 32
Back-Gearing .. . . 10
Band-Gearing .. . . . 44
Bands, Slow Motion .. . . 10
Barlow's Mandrel . . .o 118
Bee Motor . - . . 127
Bell Punch . . . .s 130
Bench Lathe .. . . . II
Bevel-wheel Cutters .. . . 92
Birch’s Lathe .. . . .. 113
Bischop Engine.. . . .. 124
Booth Brothers’ Lathes .. 6, 27
Shaping Attach t .~ 84
Slide-rests .. .. 39
Britanria Company’'s Gear Cutter .. 117
e Lathes".. . 7 11, 16, 26
e Slide-rests .. - oo 4L

Change Wheel.s . . . e 14
Chucks .. . . . .. 40
Cu? P . . .. 59
Drill .. . . .. 5%
Face-Plate .. ... . 5€
Four-Jaw . . .. St
Point .. . . .. 53
Universal .. . . 57
——— Wire .. . . .. 54
Circular Cutters . . . 87
Durability of . .. 88
Speed for .. . . 94
Clamps for Face-Plate . . ST
Classification of Lathes .. . 3
Collars for Drilling-Spindle .. 68
Comb-Screw Tools .. .. .~ 95
Compound Slide-rests.. 387, 43, 48, 49
Copying Lathe .. . . 114
Cunliffe and Croom’s Lathel .~ 23
Slide-rests .. . .. 42

Cup-chuck e e . . 59
Cutter-bars . s 100, 119
Cutters, Bevel-wheel . . 02
Circular e e .. 8
Durabilityof .. oo 88



ESIRABLE Features in Slide-

rests .. - e 36

Dies for Chnck.s . 58
Dividing by Worm Wheel and Tan-

gent Screw ., . .. . 113

Division Plate .. . . .. 30
Dogs for Face-Plate .. . e 51
Double-geared Lathes . . 13
Drill Chucks ., . . .. 55
Grinders . . .. 110
Drilling Spindle .. .. 61
Drum Overhead e e .. 33
Duplicate Mandrel .. . . 144
Durability of Circular Cutters ., 88

CONOMY of Feed, Velocity,
E and Traverse . .. 138

Electrician’s Lathe .. . 120
Emery Wheels .. . . . I
Expanding Mandrels ., . nB, 119
Experiments with Cutting Tools .. 132

ACE-PLATE Cbuck ., . 50
Female Mandrel-Thread .. 6y
Flange Mandrel.. . S ¢

Foot Lathes ., . . .2
Four-Jaw Chuck . . e 85I
Free-Grit Grindstones e .. 109
Friction Clutch .. . e .. 116
Front Slide Lathe . e e. 120

AP-BED Lathes 3, 11, 12, 16, 17, 19,
G 22, 23, 26, 32
Gas Engines . .. .. 133

Gear Cutter .. . . . 117
Gear-wheel Cutters .. .~ 93, II7

[T
Geared Latheg O
Gearing, Back .. [P .« 10

Gearing Overhead .. .. . 25
Grinder TwistDrill .. . .. 1100
Grindstones .. o w e 107

AND-LATHES.. .. o 2

Hardening Collats .. .. 68
Tools . «s 105
Headstock cast solid with Bed .. 4
Hindley’s Engines .. e ee 123
Hines's Lathes .. . 29, 3t
Milling Attachment . 8
Slide-rests .. 37,38, 43,485, 49
Horizontal Cutter-Spindle .. .. 61
Hot-Air Engine.. . . o 127

J AW Chucks ., L L

ATHES, American® ..
Amateurs’ .. .. §
Automatic .. o 2
Back-geared 10-13, 16, 17, 19, 21-

23, 26, 32
————Bench .. . . . 1
Birch's . .e .. I13

Classification of .. . 2
Copying . . . 114
Double-Geared . . 13
Gap-Bed 3, 11, 13, 16, 37, 19-23,

26, 32
Hand .. I . - 2

Medallion .. o . 114
Motors . . . 122
Overhead Geared 26, 27, 29, 31,
32

Screw Cutting 14, 16, 17, 19, 21-
23, 26, 32

Self-Acting .. . .. 19
Single Speed .. 4-8, 27, 29, 31

Sliding.. .. .. .. 23
Steam .. . . . 3
Surfacing .. . . 23
Uses of Foot.. . - 3
Varieties and Uses of ..




INDEX. 143
PAGE PAGE
Lee and Hunt's Lathes - «. 17 | Segment Engine - . . 114

Laubrication .. . . . I

ANDRELS, Duplicate o 141
M Expanding o 116
Female Thread .. 67
Flange . . .. 118
Noble's . . .. 116
Medallion Lathe .o . . 114

Milling Attachments .. .. . 82
Milne's Lathes .. .. .. $18 19
Motors .. . . .- oe 122
NOBLE'S Mandrel - - 118
ILS .. . .. 129
Ongar Tool Bar - e 119

Otto Engine .. . .. 126
Overhead Geared Lathes 26, 27. 29,31, 32
—— Gearing .. . . .. 3§

ARALLEL Hole Drill-Chuck.. s6
Petroleum . .. 122

Plain Dnllmg-Spmdle .. 62

Plain Lathes .. .. . . 3
Point Chuck .. S3
FPoppet Headstockfor'l‘aper’rntnmg 115
Pressure on Cutting Edge .. .. 137
Principles of Cutting-Tcols .. .. 96

ATE of Feed .. . o I31
Speed . ve 132

COPE of this Handbook . 9
Screw-Cutting Lathes 14, 16, 17,
19, 21~23, 26, 32

with Slide-rests .. .. 44
Screw Threads .. . . . 15
Tools’ Comb ..

- o 9

Self-acting Lathe . e oo I9
Shafting, Turning .. . . 132
Shaping Attachment .. .. ., 84
Shavings, Metal Removed as .. 138
Simple Overhead Gear . 26
Single Speed Lathes .. 4,8, 8, 29, 31
Slide-rests .. . . 34, 44
American . .
Booth Brothers .. . 39
Britannia Co.'s . . 41
Compound .. 37, .4, 41,49
Cunliffe’s . - 42
Cutting Screws wn.h . 44
Hines’ .. - 37, 38,43, 41, 49
Screw-cutting with . .. 42
Tangye’s o .. . 42
Tools .. . . .. 95
Various . e 70
Slide-Turning, Advantages of .. 35
Sliding Lathe .. . . .. 23
Slow Motion Bands .. . .. 10
Soapsuds .. . .. . 12
Speed for Cu'cular Cutters . .. 04
Grindstones .. . .. 109
Turning

o .. 131
Spindle of Driller . . .. 66
Steam Lathes .. . . . 2
Surfacing Lathe . . .. 23

Swing-bar Overhead Gear ., .~ 27

Ay
ANGYE'S Lathes 3,4, 12,22, 32
Taper-Hole Drill-Chuck .. 56
Tempering Tools . .. 104

Threads . . . I
Treadle Connectlons. Cbam Baud 5 7
13, 19, 23

Tool Grinding .. . . T07
Holders . . .. 62

for Slide-rests . .. 95
Turnery, Scope of .. . e I
Turning Shafting . . . 132
Turns, Watchmaker’s. ., . -~ 2

Twist Drill Grinders .. - . 110

NIVERSAL Bearings.. .. sy
Chuck . e 113
Cutier-Framis ., 71
Uses of Foot Lathes .. . . 3




“

VA

INDEX,

PAGE

RIOUS Forms of Slide-rests 35 | Wheels Change.., ...
Vertical Cutter-Spindle ... 70 Cutters for Bevel

w » Gear ..

» » Worm ..,
Cutting Teethin ..,
Emery ... .
ATCHMAKER'S Turns ... o Reversing ...
‘Wire Chuck eor .. 54 | Worm-wheel Cutters ...
‘Wheel Cutters .., w 92

oe

.o

Dividing Apparatus...

ILLIAM CLOWES AND SONS, LIMITED, LONDON AND BECCLES.
3

PAGR
14
92
- 93

. 92

. IIT
. 11§

.. 1Z3



CrosBy LockwooDp & Son’s

LIST OF WORKS

ON

CIVIL, MECHANICAL,
MARINE anxo ELECTRICAL
ENGINEERING.

A Complete Catalogue of NEW and STANDARD
WORKS on MINING and COLLIERY WORK-
ING; ARCHITECTURE and BUILDING; The
INDUSTRIAL ARTS, TRADES and MANU-
FACTURES; CHEMISTRY and CHEMICAL
MANUFACTURES; AGRICULTURE, FARM.
ING, GARDENING, AUCTIONEERING, LAND.
AGENCY, &c. Post Free on Application.

LONDON:
7, STATIONERS’ HALL COURT, LUDGATE HILL, E.C,,
AND
I2la Victoria Street, Westminster, S,W.
1910,






LIST OF WORKS

ON

CIVIL, MECHANICAL, ELECTRICAL
anp MARINE ENGINEERING.

ACETYLENE, LIGHTING BY. Generators, Burners, and
Electric Furnaces, By WILLIAM E. Gnms, M E. Wnth 66 Illue.tran;r/ra

Crown 8vo, cloth . . . . .
AERIAL NAVIGATION. A Practlcal Handbook on the Con-
struction of Dirigible Ball 1 , and Airships. By
- FREDERICK WALKER, C.E., Assocmte Member of the A& ic Institute.
Second Edition, tboroughly 'revised and enlarged. 176 pages, with 128 Illus-
trations. Crown 8vo, cloth . . . . [Just Publisked. Net §I/Q

THE LAWS OF FLIGHT—AEROSTATICS—AERODYNAMICS—A¥ ROPLANES IN PRACTICE
—MOTIVE POWER—SCREW PROPULSION FOR AEROPLANES AND AIRSHIPS—AIRSHIPS
AND DIRIGIBLE AEROSTATS—CONSTRUCTION—AEROPLANES AND AIRSHIPS IN USE—
ANTOINETTE MONOPLANE—SANTOS DUMONT MONOPLANE—~WRIGHT BIPLANE—FARMAN
BIPLANE—MOORE-BRABAZON BIPLANE=DE DION MULTIPLANE—SALMSON AUTOPLANE
—~VUTTON-HUBER HELICOPTERE.

AERIAL OR WIRE-ROPE WAYS. Their Construction and
Management. By A. J. WaLLis-TAvLER, A.M.Inst.C.E  With numerous
Illustrations. Demy 8vo . . (72 the Press  Price about nct /6

AIR GAS LIGHTING SYSTEMS. See PETrROL AIR Gas.

ALTERNATING CURRENTS, THE PRINCIPLES OF.
For Students of Electrical Engineering. By E. T. LARNER, A.LLE.E., of
the Engineering Department, G.P.O., London. 144 pages, with 69 Illus-
trations. Crown 8vo, cloth . . Net 3

COMPARISON OF CONTINUOUS AND ALTERNATING CURRENTS—SIMPLE H +RMONIC

MOTION—VECTORIAL REPRESENTATION—ALTERNATING CURRENT THEORY—CIRCUITS

IN SERIES—CIRCUITS IN PARALLEL—ALTERNATING CURRENT POWER.

ALTERNATING CURRENT MACHINES. See Dynamo

ELECTRIC MACHINERY.

ARMATURE WINDINGS OF DIRECT CURRENT DYNA-
MOS. Extension and Application of a_General Winding Rule. By E.
ArnoLp, Engineer, Assistant Professor in Electro-Technics and Machine
Design at the Riga Polytechnic School. Translated from the original German

by Francis B. DE Gress, M.E., Chief of Testing Department, Crocker-
Wheeler Company. Medium 8vo, 120 pp., with over 140 Illustrations Vet 12/0

AVIATION, THE ART OF. A Handbook upon Aeroplanes
and their Engines, with I\otes upon Propellers. By RoOBErRT W. A,
BREWER,A.M.I.C.E., M.I.LM.E., Manager to Mr. GRAHAME-WHITE, Member
of the Institution of Automobile Engineers, Author of *“ The Motor Car.”
Demy 8vo, cloth, 266 pages, with numerous Illustrations and Dimensioned
Drawings . [Just Published. Net 10/8
A COMPARISON BETWEEN MONOPLANES AND BIPLANES—THE FORM OF AN AERO-

FOIL AND STABILITY - EARLY MODELS—PRINCIPLES OF DESIGN AND ENGINE PROBLEMS

—DESCRIPTION OF SOME LEADING ENGINES —PROPELLERS ~ EFFICIENCY OF PROPELLERS

—MATERIALS OF CONSTRUCTION FOR AEROPLANES—DETAILS OF MANUFACTURE - SUC-

CESSFUL MONOPLANES THE WRIGHT AND VOISIN MACHINES COMPARED—THE FARMAN

MACHINE- PROGRESSIVE MONOPLANE RECORDS—THE ART OF FLYING=FUTURE DEVE-

LOPMENT—GLOSSARY OF TERMS AND EXPLANATION OF THE FUNCTIONS OF EACH PART

OF A FLYING MACHINE~APPENDIX OF TABLES AND USEFUL DATA.



r—

4 CROSBY LOCKWOOD & SON'S CATALOGUE.

BALLOONS—-MODEL BALLOONS AND FLYING
MACHINES. Witxza Sbart Account of the Progress of Aviation. By

H. Acrxasoez. MLB.. A LE.E.. Assxciate of the Scottish Aeronautical

\cm Aather of  Model Exgine Construction,” and “* Elementary Electri-

@ Ercineerinz.” ¥ pages, with 46 l"m,and 5 sheets of Working
Drasigs Crown Sve, cicta . . -« [ust Published. Net 3/6
BEAMS. EXPERIMENTS ON THEIR FLEXURE. Re-
salting i the Discovery olYele'sof Fﬂm by ncklmg By ALBERT

E. GTv. Medmm 3vo, doch . . Net 9/0
BLAST FURNACE CALCULATIONS AND TABLES FOR
FURNACE l&.\\ﬂERS AND ENGINEERS. Containing Rules and
Form=» for Findry the Dimensions and Output Capacity of any Furnace,

as well as the reguiar Outfit of Stoves, Hezn.n? Surface, Volume of Air,
Tm\m&t..pamofkwperdayo ho\n's. By Jonn L.

StevExsox. Feap. Svo, leather . . . NetBIO
BOILER AND FACTORY CHIMNEYS. Then' Draught-
Power and Stability. With a chapter o ** Lightning C

g‘:‘son.A.LC.L.A-hd“ATmmSm-Boilus."&c ovmglvg
BOILER CONSTRUCTION. A Practical Handbook for Engi-
Botler-Makers, large

S—C
LH'!I\F\\ FUR STE -
EFFECT OF HFAT 0\ Waz

\F\\;‘ N OF WATER BY HF_AT-\VFIGNT OF WATER
AT DIFFERENT FEMPERA
RA

ONVEUTION—CIRCULATION—EVAPORATION—PROPER-
TIFS OF S \\l-—!:\ APORATIVE POWER OF BOILERS—PRIMING, &C.—
WATER-HEAT EAM-BUILERS—TRANSMISSION OF HEAT—SMOKE
T BES—EVAPORA FR AND EFF Y OF BOILERS—WATER-CAPACITY AND
STFAM-CAPACITY OF BuILERS—F S :X, FIRE_BRIDGES, AND FIRE-BARS—POWER
OF BOILERS—CYLINDK NACE-TUBES OF BOILERS, &C.—TESTS OF
MATERIALS—STRENG T :R-PLATES—EFFECT OF TEMPERATURE
ON METALS—RIVET Hol RIVETED JOINTS OF STEAM-BOILERS—CAULKING
EXDS OF CYLINDRICAL SHFLIS-STAYS FOR BOILERS, &C.—STEAM GENERATORS—
DESCRIPTION AND PROPD OF CORNISH, LANCASHIRE, AND OTHER TYPES OF
STATIONARY BOILERS—BOU FR-SETTING—MULTI-TUBULAR, LOCOMOTIVE, PORTABLE,
MARINE. VERTICAL, AND WATER-TUBE_BOILERS—SUPER-HEATERS—COST OF STEAM
PRODUCTION—FURNACES FOR REFUSE-FUELS—DESTRUCTORS, &C.—SAFETY-VALVES—
STEAM PIPES—STUP-VALVES AND OTHER MOUNTINGS FOR BOILERS—FEED-PUMPS—
STEAM PUMPS—FEED-WATER CONSUMPTION—INJECTORS—INCRUSTATION AND CORRO-
SION—FEED-WATER HEATFRS—EVAPORATORS—TESTING BOILERS—EVAPORATIVE PER-
FORMANCES OF STEAM BOILERS: STEAM-BOILER EXPLOSIONS, &C.

BOILERMAKER’S ASSISTANT. In Drawing, Templating,

and Calculating Boiler Work, &c. g{“.d OURTNEY, Practical Boilermaker.
Edited by D. K. Crark, C.E. Eight ition. Crown8vo, cloth . 2/0

BOILERMAKER’'S READY RECKONER. With Examples
of Practical Geometry and Templating for the Use of Platers, Smiths,
and Riveters. By John CourTNEY. Edited by D. K. Cumx, M.Inst. C E
Crown 8vo, cloth .

BOILERMAKER’S READY RECKONER & ASSISTANT,
belng the two prevlous mennoned volumes bound together in one volume.
With E les of Pr and Templ for the Use of Platers,
Smiths, and Riveters. By Jonu éourrulv Edited by D. K. Crark,
M.Inst.C.E. Fifth Edmon, 480 pp., \m.h x4o Illustnnous. Crown 8vo,

half-bound o . .+« . 70
BOILER MAKING AND PLATING. APractical Handbook
for Workshop anons, including an Appendix of Tables. eg Josera
G. Hnns-, M.E. Second Edition. Thoroughly revised and en-

larged. 380 pp., wllh 351 Illustrations. Large Crown 8vo, cloth. Net 9/0

b

o



CIVIL, MECHANICAL, &<, ENGINEERING. 5

BOILERS. Their Strength, Construction, and Economical Work-
ing. By R. Wisow, C.E. Fifth Edition. 1smo,doth . . . 8/0

BOILERS (STEAM). Their Construction and Management.
By R. ArMsTrOXG, C.E. Illustrated. Crown Svo,cloth . . . 1/8

BOILERS (MARINE). See MarINE EXGINES AND BOILERS.

BRIDAE CONSTRUCTION IN CAST AND WROUGHT
IRON. A Complete and Practical Treatise on, including Iron Founda-
tions. In Three Parts.—Theoretical, ical, and Descriptive. By WrLriam
Housxr A.M.Inst.C.E., and M.lnst. M.E. Third Edition, revised and much
im proved, with 115 Double Plates (20 of which now first appear in this edition),
and numerous Additions to the Text. In 2 vols.,, imp. 4to. half-bound in
morocco . . . . . . . . . . . £6 18s. 8o.

**In addition to elevations, plans, and sections, large scale details are given, which very
much enhance the instructive work of these illustrations.”"—Csvil Engincer and Archite's

Fournal.

BRIDGES AND VIADUCTS, IRON AND STEEL. A
Practical Treatise upon their Construction. For the use of Engineers,
Dlragghtsmen, and Students. By Francis CampiN, C.E. Crown Svg
cloth . . . . . . . . . . . . . . 3/

BRIDGES (IRON) OF MODERATE SPAN: Their Con-
struction and Erection. By H. W. PeENDRED. With 4o Illustrations,
Crown8vo,cloth . . ., o+ . . .+ . . . 2/0

BRIDGES, OBLIQUE. A Practical and Theoretical Essay.
With 13 large Plates. By the late GrRorGE WaTson Buck, M.Inst.C.E.
Fourth Kdition, revised b‘y is , J. H. WaTtson Buck, M.Inst.C.E.;
and with the addition of Description to Diagrams for hcilintin the
Construction of Oblique Bridges, by W. H. Barrow, M.Inst.C.E. ioyal
8vo, cloth e e e e e e e e . 12/0

“ As a guide to the engt and ona dly difficult subjcct, Mr. Buck's work
is unsurpassed.”—Building News.

BRIDGES, TUBULAR AND OTHER IRON GIRDER.
Describing the Britannia and Conway Tubular Bridges. With a Sketch of
Iron Bridges, &c. By G. D. DEmpsey, C.E. Crown 8vo, cloth 2/0

CALCULATOR (NUMBER, WEIGHT, AND FRACTIONAL).
Containing upwards of 250,000 Separate Calculations, showing at a Glance the
Value at 422 Different Rates, ranging from y}yth of a Penny to 20s. each, or per
cwt., and {20 ton, of any number of articles consecutively, from 1 to 470,
Any number of cwts., grs., and lbs., from 1 cwt. to 470 cwts. Any number of
tons, cwts., qrs., and lbs., from 1 to 1,000 tons. By WiLrLiam CHADwICK,
Public Accountant. Fourth Edition, Revised and Improved. 8vo, m:‘oazls

N . /i

bound . . . . . . . . . .
CALCULATOR (WEIGHT). Being a Series of Tables upon a
New and Comprehensive Plan, exhibiting »t one Refe the exact Value

of any Weight from 1 lb. to 15 tons, at_300 Progressive Rates, from 1d, to
168s. per cwt., and containing 186,000 Direct Answers, which, with their
Combinations, consisting of a single addition (mostly to be performed at
sight), will afford an aggregate of 10,266,000 Answers; the whole being
calculated and designed to ensure correctness and promote despatch. By
Henry HARBEN, Accountant. Sixth Edition, carefully Corrected. Royal
8vo, strongly halfbound . . . . . .+ . . £18e



6 CROSBY LOCKWOOD & SON'S CATALOGUE.

CHAIN CABLES AND CHAINS, Comprising Sizes and Curves
of Links, Studs, &c., Iron for Cables and Chains, Chain Cable and Chain
Making, Forming and Welding Links, Strength of Cables and Chains,
Certificates for Cables, Marking Cables, Prices of Chain Cables and Chnns.
&c, &:. By Tuomas W. Trami, F.E.R.N., M.Inst.C.E., Engineer-
Surveyor-in-Chief, Board of Trade, Inspector of Chain Cable and Anchot
Proving Esubhshmenu, and General Snpenmendent. Lloyd's Committee on
Proving E With Tables, , and Litho-
graphic Drawings. Folio,cloth . . . . N . B2 2.

CIVIL ENGINEERING. By Henry Law, M.Inst.C.E. In-
cluding a Treatise on Hydraulic Engineering by G. R. BURNELL,
M.Inst.C.E. Seventh Edition, revised, with Large Additions on Recent
Practice by D. KINNEAR CLARK, M. Inst.C.E. Crown 8vo, cloth 8/6

COKE—MODERN COKING PRACTICE. Including the Ana-
lysis of Materials and Products. A Handbook for those engaged or interested in
Coke Manufacwre and the recovery of Bye-Products. By T. H. Byrow,
F.I.C, F.C.S., Mem. Soc. Chem. Industry; Chief Chemist to the ng:m
Coal and Iron Co 3 Author of ‘“ The Physics and Chemistry of Mmmi 5 and
J. E. CHRIGTOPHBR Mem. Soc. Chem. Industry. 168 pp., with 1 lluqtra-

tions. Demy 8vo, cloth [ Just P Published.
GENERAL CLASSIFICATION OF FUELS—COAL WASHING—SAMPLING AND VALUATION
OF COAL, COKE, &C.—CALORIFIC POWER OF COAL AND COKE—COKE OVENS—CHARGING
AND DISCHARGING OF COKE OVENS—COOLING AND CONDENSING PLANT—GAS
EXHAUSTERS—COMPOSITION AND ANALYSIS OF AMMONIACAL LIQUOR—WORKING UP OF
AMMONIACAL LIQUOR—TREATMENT OF WASTE GASES FROM SULPHATE PLANTS—
VALUATION OF AMMONIUM SULPHATE—THE DIRECT RECOVERY OF AMMONIA FROM
COKE OVEN GASES—~SURPLUS GAS FROM COKE OVENS—USEFUL TABLES.

COMPRESSED AIR WORK AND DIVING. A Handbook
for Engineers, comprising Deep Water Diving and the use of Compressed Air
for Sinking Caissons and Cylinders and for Driving Subaqueous Tunnels. By
G. W. M. BovcoTT, Assoc. M.Inst. C.E. 128 pp., with Perspective Drawings
and Photographs, Diagrams, Working Drawings and Tables. Mﬁdmn; 873

. et

clot|
STAGE DECOMPRESSION—THECOMMON DIVING DRESS AND HELMET—RDUQUAYR()L-
DENAYROUZE APPARATUS—FLEUSS DRESS—THE DIVING BELL—PUMPS—PNEUMATIC
CAISSONS AND CYLINDERS—TUNNELLING—BLACKWALL AND ROTHERHITHE TUNNBLS—
EAST RIVER TUNNELS, NEW YORK—ROCK BLASTING—AIR COMPRESSORS.

CONDUCTORS FOR ELECTRICAL DISTRIBUTION.
Their Materials and M facture, The Calcul of Circuits, Pole-Line
Construction, Underground Wotkmi and other Uses. ByF. A, ¢ PERRINE,
A.M,, D.Sc.; former Professor of Klectrical Engmeenng, Leland Stanford,
Jr., University ; M. Amer.l E.E. Medium 8vo, 3oo pp., fully illustrated,
including Fol mg Plates and Diagrams . . . . Net 20/0

CONTINUOUS RAILWAY BRAKES. A Practical Treatise
on the several Systems in Use in the United Kingdom, their Construction
and Performance. By M. RevNoLDs. 8vo, cloth . . . . . 9/0

CRANES, the Construction of, and other Machinery for Raising
Heavy Bodies for the Erection of Buildlngs. &c. By J. GLYNN, F.R.S.
Crown 8vo, cloth . . . . 1/8

CRUSHING AND GRINDING MACHlNERY PRACTICE.
A Handbook on ths Machinsry used in Crushing and Grinding Operations on
all classes of materials. Including also a Glossary of Technical Terms and
Bibliography By Twos. G MarLow, Grinding, Drying, and Separatm
Machinery "Specialist, Author of * Drying Machinery Practice.” Wit
numerous Tables, Plates, and Illustrations . . . « [In the Press.

CURVES, TABLES OF TANGENTIAL ANGLES AND
MULTIPLES. For Setting-out Curves from s to 200 Radius. By A.
BeazeLey, M.Inst.C.E. 7th Edition, Revised. With an Appendix on
the use of the Tables for Measuring up Curves: Printed on 5o ds, and
sold in a cloth box, waistcoat-pocket size . . . .




CIVIL, MECHANICAL, &c., ENGINEERING. 7

DRAINAGE OF LANDS, TOWNS AND BUILDINGS.
By G D. Dxurssv,c E. Revised, with large Additions on Recent Practice

in Drainage Engineering by D. Kmuun CLARK, M Inst.C.E. Fourth
Edition. Crown 8vo, cloth . . . 4/8

DRYING MACHINERY AND PRACTICE. A Handbook on
the Theory and Practice of Drying and Desiccating, with Classifi
Description of Installations, Machinery, and Apparatus, including also a
Glossary of Technical Terms and Bibliography. By THos. G. MARLow,
Grinding, Drying, and Separating Machinery Specialist. i340 pages, with
numerous Tables, Plates, and Illustrations. Medium 8vo,

[Just Publtshtd. Net 12/6

DRYING PROCESSES AND PATENTS. A complementary
volume to ‘‘Drying Machinery and Practice.” By THos. G. MARLOW.
Describing the various Dr{mg Processes as applied to Sundry Matenals, also
a Classified Summary of the Patents connerled w:th Drymg Processes and
Apparati . . . (In the Press

DYNAMIC ELECTRICITY AND MAGNETISM, ELE-
MENTS OF. A Handbook for Students and Electrical Engineers. By
PHILIP ATKINSON, A.M Ph D. men 8vo, cloth, 417 pp., with 120
Illustrations . . . . 10/8

DYNAMO BUILDING. HOW TO MAKE A DYNAMO.
clozphrm Treatise for Amnteurs. By Aum Crorrs. Crown ;73

DYNAMO ELECTRIC MACHINERY. Its Construction,
Design and Operation. In Two Volumes (sold separately).

Vol. 1.—DIRECT CURRENT MACHINES. By SamueL SHELDON, A.M.,
Ph.D., assisted by HoBART MasoNn, B.S., E.E. Seventh Edition, Revised.

Large crown 8vo, cloth, 288 pp., with 202 Tlustrations . . Net 12/0

Vol. I1. —ALTERNATING CURRENT MACHINES By SAMUELS HELDON,
h.D., and HoBART MAsoN, E.E., and Erici HAuSMANN,

B.S., E E. Enghth Edition, oompleteiy Re-wmten. Large crown 8vo, cloth.

366 pp. , with 236 Illustrations . .~ . . . . . QNet12/0
DYNAMO MANAGEMENT. A Handybook of Theory and
Practice for the Use of Mech and others in Charge

of I?nmos. By G. W. Luums-Pu-nson. Electrical Engineer. Fourth
5d°:h on, Revised a.nd Enlarged. 300 pp., with n7 Illustrauons. Crown 8vo,

. . . . . . Net 4/6

DYNAMO, MOTOR AN D SWITCHBOARD CIRCUITS
FOR ELECTRICAL ENGINEERS. A Practical Book deahng with the
subject of Direct, Alternating and Polyphase Currents. By Wm. R. BowkEg,
Consultm%Electncal and Street Railway Engineer, Prof. of Physics in the Uni-
versity of Southern California. Second Ed., revised and greatly enlarged. 180

Dg’aﬁes, with x3o Illustrauons Medium 8vo, cloth . . . . Net 76
RCUITS—STARTING AND STOPPING OF SAME—METHODS

OF CHANGING Dnu!cnou o:r ROTATION—SYNCHRONISM~PARALLELING OF ALTER-

NATORS, &C.—POLYPHASE CIRCUITS-—POLYPHASE TRANSMISSION OF POWER—

DIPHASE AND TRIPHASE CIRCUITS, &C.—BOOSTER EQUAusEns—anzmng

STERS—STORAGE BATTERIES—END-CBLL SWITCHES, &C.—ELECTRIC TRACTION

MOTORS — SERIES — PARALLEL CONTROLLERS — CAR WIRING DIAGRAMS — MOTOR

VEHICLE CIRCUITS—CANAL HAULAGE ROTARY CONVERTERS, &C.

DYNAMOS (ALTERNATING AND DIRECT CURRENT).
Text-book on their Construction for Students, Engineer-Constructors and
Elecmcmns in-Charge. By TvsoN SeweLL, A.M.LE.E., Lecturer and
Demonstrator in Electrical Engineering at the Polytechmc, Regent Street,
London, author of * The Elements of Electrical Engineering.” 328 g})., with
over 230 Illustrations. Large crown 8vo, cloth
FUNDAMENTAL PRINCIPLES OF DIRECT CURRENTS—THE MAGNETIC me—
THE PRODUCTION OF AN ELECTRO-MOTIVE FORCE—FUNDAMENTAL PRINCIPLES OF
ALTERNATING CURRENTS—THR ALTERNATING MAGNETIC FIELD—THE CAPACITY OF
THR CIRCUIT—BIPOLAR DYNAMO CONSTRUCTION—THEORY OF BIPOLAR MACHINES—
BIPOLAR DYNAMO DESIGN — MULTIPOLAR DYNAMO CONSTRUCTION = MULTIPOLAR
DYNAMO DESIGN—SINGLE PHASE ALTERNATORS—CONSTRUCTION OF ALTERNATORS—
POLYPHASE ALTERNATORS, &C:



8 CROSBY LOCKWOOD & SON'S CATALOGUE.

EARTHWORK DIAGRAMS. Giving graphically the Cubic
Contents for different Heights of Banks and Cuuin%s, ecither 66 ft. or 100 ft.
Chains. By R. A. ERskINE-MuURrrAY, A.M.Inst.C.E., and Y. D. KirTON,
A.M.Can.Soc.C.E. On a sheet in a roll. §/Q Net, mounted on card, Net 7/6

EARTHWORK MANUAL. By ALex. J. Graam, C.E. With
Di S d Edition. 18mo, cloth . . . 2/8

EARTHWORK TABLES., Showing the Contents in Cubic
Yards of Embankments, Cuttings, &c., of Heights or Depths up to an aver.
of 8o feet. By JoserH BroapsenT, C.E., and Francis Camrin, C.E.
Crown 8vo, cloth e e e e e e e e e 5/0
EARTHWORK TABLES, HANDY GENERAL. Giving the
Contents in Cubic Yards of Centre and Slopes of Cuttings and Embankments

from 3 inches to 8o feet in Depth or Height, for use with either o¢ feet Chain
or 100 feet Chain. By J. H. WaTson Buck, M.Inst.C.E. On a Sheet

mounted in cloth case . . . Ce
ELECTRIC LIGHT. Its Production and Use. By J. W.
UxQuHART. Crown 8vo, cloth . . . . . 78

ELECTRIC LIGHT FITTING. A Handbook for Working
Electrical Engineers. By J. W. URQuHART. Crown 8vo,cloth . . §/Q

ELECTRIC LIGHT FOR COUNTRY HOUSES. A Prac-
tical Handbook, including Particulars of the Cost of Plant, and Working.
By J. H. KniGHT. Crown 8vo, wrapper . . . . . . 10

ELECTRIC LIGHTING. By Aran A. CAMPBELL SWINTON,
M.Inst.C.E., M.1.LE.E. Crown 8vo,cloth . . . . . . 18

ELECTRIC LIGHTING AND HEATING POCKET BOOK.
Comprising useful Formule, Tables, Data, and Particulars of Apparatus and
Appliances for the use of Central Stations, kngineers, Contractors, and
Engineers-in-Charge. By SvpNev F. WALKER, R.N., M.L.E.E,, M.I.M.E.,
A.M.Inst.C.E., &c. F'cap 8vo, 448 pp., 270 Diagrams, and z4oNT‘a¥7§

el

ELECTRIC POWER CONDUCTORS. By Wwm. A. DEL MaAR,
A.C.G L, Assoc. Mem. A.LLE.E, Assoc. LE.E Large crown 8vo, cloth,
336 pages, with numerous Illusirations. . « [Just publisked. Net ©/0
MATERIALS AND GAUGES—TESTING WIRE AND CABLE—ELECTRICAL PROPER-
TIES—IN~TALLATION—INSULATION AND INSULATED CONDUCTORS—DEPRECIATION AND
DETERIORATION—DETERMINATION OF SIZE FOR GIVEN VOLTAGE—DROP AND POWER
L0SS—THIRD RAIL CIRCUITS—DETERMINATION OF SIZE FOR GIVEN ST=ESS IN SPANS
< RAIL Bcgms — SPECIFICATIONS — TABLES OF INDUCTANCE, REACTANCE, AND
APACITY, &C.

ELECTRIC SHIP-LIGHTING. A Handbook on the Practical

Fitting and Running of Ships' Klectrical Plant. By J. W. URQUHART.
Third edition. Crown8vo,cloth , . . . . . ., . e

ELECTRIC-WIRING, DIAGRAMS & SWITCH-BOARDS.
By NewTtonN Harrison, E.E., Instructor of Electrical Engineering in the
Newark Technical School. Crown 8vo, cloth . . . et B/



CIVIL, MECHANICAL, &c., ENGINEERING. 9

ELECTRICAL CALCULATIONS (ELEMENTARY). A

Manual of Simple Engineering Mathematics, covering the whole field cf
Direct Current Calculations, the Basis of Alternating Current Mathematics,
Networks and T pxcal Cases of Circuits, with Appendices on Special
Subjects. By T. O’'Conor SLoaNE, A.M., E.M., Ph.D., author of ‘“The
Sltarlnldard Electrical Diciionary,” 314 pages, 43 Illustrations. Crown 8vo,
clo Net 9/0
EXPONENTIAL NOTATION—MECHANICS AND PHYSICS—OHM'S LAW_—RESISTANCE
—KIRCHHUFF'S LAWS—ARRANGEMENT OF BATTERIE:—ELECTRICAL ENERGY AND
POWER—BASES AND RELATIONS OF ELECTRI AL UNITS—THERMO-ELECTRICITY—
ELECTRO- HEMISTRY—FIELDS OF FORCE—MAGNETISM —EL+CTRO-MAGNETIC IN-
DUCTION—CAPACITY AND INDUCTANCE—HYSTBRESIS AND FORCAULT CURRENTS—
ALTERNATING CURRENT—NETWORKS—DEMONSTRATIONS BY CALCULUS, &C., &C.

ELECTRICAL DICTIONARY. A Popular Encyclopzdia of
Words and Terms Used in the Practice of Electrical Engineering. By T.
O’CoNOR SLOANE, A.M., E.M., Ph.D,, &c. Fourth Edition, with Appendix.
6go pages and nearly 400 Illustrations. Large ccown 8vo, cloth . et 7/8

ELECTRICAL ENGINEERING. A First-Year's Course for
Students. By Tvson SeweLr, A.LE.E., Lecturer and Demonstrator in
Electrical Engineering at the Polytechnic, Regent Street, London. Fourth
Edition, Revised, with additions. Large crown 8vo, cloth. 466 p., with
277 Illustrations . . . . . . . . . . 5/0

OHM’S LAW—UNITS EMPLOYED IN ELECTRICAL ENGINBBRING—SERIBS AND
PARALLEL CIRCUITS — CURRENT DENSITY AND POTENTIAL DROP IN THE CIRCUIT—
THE HEATING EFFECT OF THE ELECTRIC CURRENT—THE MAGNETIC EFFECT OF AN
ELECTRIC CURRENT—THE MAGNETISATION OF IRON—ELECTRO-CHEMISTRY—PRIMARY
BATTERIES— ACCUMULATORS—INDICATING INSTRUMENTS—AMMETERS, VOLTMETERS,
OHMMETERS—ELECTRICITY SUPPLY METERS—MEASURING INSTRUMENTS, AND THE
MEASUREMENT OF ELECTRICAL RESISTANCE — MEASUREMENT OF POTENTIAL DIF.
FERENCE, CAPACITY, CURRENT STRENGTH, AND PERMEABILITY—ARC LAMPS—INCAN-
DESCENT LAMPS — MANUFACTURE AND INSTALLATION —~PHOTOMETRY — THE CON-
TINUOUS CURRENT DYNAMO—DIRECT CURRENT MOTORS—ALTERNATING CURRENTS
~TRANSFORMERS, ALTERNATORS, SYNCHRONOUS MOTORS—POLYPHASE WORKING—
APPENDIX 1., THE THREE-WIRE SYSTEM—APPENDIX II., QUESTIONS AND ANSWERS.

ELECTRICAL ENGINEERING (ELEMENTARY). In
Theory and Practice. A Class Book for Junior and Senior Students and
Working Electricians. By J. H. ALEXANDER. With nearly 200 Illustratlons.
Crown 8vo, cloth . . . . . . . . . 3/8

FUNDAMENTAL PRINCIPLES—ELECTRICAL CURRENTS—SOLENOID COILS, GALVANO-

METERS — VOLTMETERS — MEASURING INSTRUMENTS — ALTERNATING CURRENTS —

DYNAMO ELECTRIC MACHINES—CONTINUOUS CURRENT DYNAMOS—INDUCTION, STATIC

TRANSFORMERS, CONVERTERS—MOTORS—PRIMARY AND STORAGE CELLS—ARC LAMPS

~—INCANDESCENT LAMPS—SWITCHES, FUSES, &C.—CONDUCTORS AND CABLBS — ELEC.

TRICAL ENERGY METERS—SPECIFICATIONS —GENERATION AND TRANSMISSION OF

ELECTRICAL ENERGY—GENERATING STATIONS.

ELECTRICAL ENGINEERING, GENERAL LECTURES
By C. ProTEUS STEINMETZ, A M., Ph.D. Third edition, compiled

and “edited by J. LErov HAYDEN. 284pp., with Diagrams. Medium 8vo, cloth.
[Just published. Nat 8/8

ELECTRICAL TRANSMISSION OF ENERGY. A Manual
for the Design of Electrical Circuits. By ARTHUR VAUGHAN ABsoTT, C.E.,
Member American Institute of Electrical Engineers, Member American
Institute of Mining Engineers, Member American Society of Civil Engineers,
Member American Society of Mechanical Engineers, &c. Fourth Edition,
entirely Re.written and Enlarged, with numerous Tables, 6 Plates, and
nearly 400 other Illustrations. Royal 8vo, 700 pages. Strongly bound in
cloth N .. . e e e 30/0
!N‘rnooucnon—‘run PROPERTIES OF WIRE—THE CONSTRUCTION or Anm.u.

CIRCUITS—GENERAL LINE WORK—ELECTRIC RAILWAY CIRCUITS—PROTECTION—THR

CONSTRUCTION OF UNDERGROUND CIRCUITS—CONDUITS—CABLES AND CONDUIT CON-

DUCTORS—SPECIAL RAILWAY CIRCUIT—THE INTERURBAN TRANSMISSION LINE—THR

THIRD RAIL—THE URBAN CONDUIT—ELECTRICAL INSTRUMENTS—METHODS OF ELEC-

TRICAL MEASUREMENT — CONTINUOUS-CURRENT CUNDUCTORS — THE HEATING OF

CONDUCTORS—CONDUCTORS FOR ALTERNATING CURRENTS—SERIES DISTRIBUTION—

PARALLEL DISTRIBUTION—MISCELLANEOUS METHODS—POLYPHASRE TRANSMISSION—

THR CQST OF PRODUGTION AND DISTRIBUTION,
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ELECTRICAL TRANSMISSION OF ENERGY—THREE-
PHASE TRANSMISSION. A Practical Treatise on the Economic
Conditions Governing the Transmission of Electric Eneréy by Underground
and Overhead Wires. By WiLLiam Brew, late Consultant
Assistant, Dublin Corporation Electricity Suppiy . . « [In the Press.

ELECTRICITY AS APPLIED TO MINING. By ArnNoLD
Lupron, M.Inst.C.E., M.I.Mech.E.,, M.LE.E., late Professor of Coal
Mining at the Yorkshire College. Victoria Unwersxty. Mlmnz Engmeu
and Colliery Manager ; G. D. AspinaLL Parg, M.LLE E,, A M.I.M
Associate of the Central Technical College, City and Gmlds of London, He.ni
of the Electrical Engineering Department, Yorkshire College, Victoria
University ; and HERBERT PERKIN, M.L.M E., Certificated Colliery Manager,
Assistant_Lecturer in the Mining Depmme.nt of the Yorkshire College,
Victoria University. Second Edition, Revised and Enlnrged Medium 8vo,
cloth, 300 pp., with about 170 Illustrations . . . Net 12/0

INTRODUCTORY—DYNAMIC ELECTRICITY—DRIVING OF THE DYNAMO—THE STEAM

TURBINE—DISTRIBUTION OF ELECTRICAL ENERGY—STARTING AND STOPPING ELEC-

TRICAL GENERATORS AND MOTORS—ELECTRIC CABLES—CENTRAL ELECTRICAL PLANTS

—ELECTRICITY APPLIED TO PUMPING AND HAULING—ELECTRICITY APPLIED TO COAL

CUTTING—TYPICAL ELECTRIC PLANTS RECENTLY ERECTED—ELECTRIC LIGHTING BY

ARC AND GLOW LAMPS—MISCELLANEOUS A PPLICATIONS OF ELECTRICITY—ELECTRICITY

AS COMPARED WITH OTHER MODES OF TRANSMITTING POWER-DANGERS OF ELEC-

TRICITY.

*The book is a good attempt to meet a wing want, and is well worthy of a e in the
mining engineer’s library "—The Electyician, Evo plac

ELECTRICITY IN FACTORIES AND WORKSHOPS : ITS
T AND CONVENIENCE. A Handbook for Power Produoers and

Power Users. By A. P. Hastay, M L E E. 328 pp .wlth numerous Illustra-
tions. Large crown 8vo, cloth . .+ Nez76

‘THE ELECTRIC MOTUR AND ITS Accrssoxms—‘l‘nz Dmnc‘r CURRENT MOTOR—

ELERCT. ATIN O]
PROVISION OF ELECTRIC ENERGY—THE COST OF ENERGY AS AFFECTED BY CONDITIONS
OF WORKING—THE QUESTION FOR THE SMALL POWER USER—INDEPENDENT GRENERAT-
ING PLANTS—OIL AND GAS ENGINE P! ANTS INDEPENDENT GENERATING PLANTS—STEAM
PLANTS—POWER ST. A‘l‘lON TAR!FFS—THB APPLICATIONS OF ELEBCTRIC POWER—-THRE
USE OF ELECTRIC POW! N TEXTILE FACTORIES—ELECTRIC POWER IN PRINT]NG
WORKS THR USEOF ELBC‘I‘RIC POWBR XN ENGINEERING WORKSHOPS—MISCELLANEOU
APPLICATIONS OF ELECTRIC POWBR—THRE INSTALLATION OF ELBCTRIC MOT« Ols—THB
L B'I‘ING OF INDUSTRIAL ESTABLISHMENTS.

** The author has done his work well, and produced a book which will rank among the best of
its ldnd "—Elx

tyictty,
“ Altogether the “book s one which should do good service to the electrical industry,”—
Electrical Industries,

ELECTRICITY. A STUDENT'S TEXT-BOOK. By H.
M. Noap. F.R.S. 6so pp., with 470 Illustrations. Crownsvo . . ©/O

ELECTRICITY, POWER TRANSMITTED BY, AND
APPLIED BY THE ELECTRIC MOTOR, including Electric Railway
Construction. By PHILIP ATKINSON, A.M., Ph.D., author of * Elements of

Static Electricity.” Fourth Edmon. Enlarged. Crown 8vo, cloth 224 P.,
with over go Illustrations . . . . . . . 3

ELECTRO PLATING AND ELECTRO- REFINING OF
LS. Being a new edition of Alexander Watt's * Electro- ition. "

Revised and Largely Re-written by ArNoLp PuiLp, Assoc. R.S.M., B.Sc.,
A.LE.E.,, F.I.C, Principal Assistant to the Admiralty Chemist, fomerly
Chief Chemist to the Engineering Departments of the India Office, and some-

time Assistant Professor of Electrical Engineering and Applied Ph ics at the

Heriot-Watt College, Edmbuxgh 7co pp, with numerous u:tnnons,
Large crown 8vo, cloth . . 12/8

ENOINEERILI:IO DR{\WING. % WORKMAN’S MANUAL.
0! . t eering J
Coll‘:g:,“(‘.‘.ree:xw‘i‘gl:‘. Ell‘;h?l’:cggm‘gn :o%htumﬁ)‘l:;rnagmf K ::wgngr:

. . . .

. .

“A copyotnshonldbebpttonﬁm«mmdnmm M«n‘n{
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ENGINEERING ESTIMATES. COSTS, AND ACCOUNTS.

A Guide to Commercial Engin With les of Esti
and Costs of Millwright Wotk stcella.neons Producnons Steam Engines and
Steam Boilers; and a on the P i f Costs Aocounts. B

A GENERAL MANAGER. Second Edition. 8vo,cloth . . .
** The information Ks givenina plam straightforward manner, and bears throy, hout tvndlncu
of the of the author with every phase of commercial engineering.”
—Mechanical World.

ENGINEERING PROGRESS (1863-6) By WM. HUMBER,
A.M.Inst.C.E. Complete in Four Vols. Comunmg 148 Double Plates,
with  Portraits and Copious Descnpuve Lett Imp. 4to, halfe
morocco. Price, complete, £12 12s.; or each olumc sold separately at
£3 8s. per Volume., Descriptive List of Contents on application,

ENGINEER'S AND MILLWRIGHT’S ASSISTANT. A
Collection of Useful Tables, Rules, and Data. By WiLLiam Tnm.rron.
Eighth Edition, with Additions. 18mo,cloth . . . . 2/6

“ A deservedly popular work, It should be in the ‘drawer’ of evety mochmc."—snﬂu-h
Mechanic,

ENGINEER'S HANDBOOK. A Practical Trea.use on Modern
Engines and Marin and S d
a large collection of Rules and Pnctlca.l Data relating to Recent Practice
nn gning an ting n s of Engines, Boilers, and other
Desi d Construct all kinds of E , Boil d oth
_fmeenng work. The whole Key to the Board
other Exumnmons for Cemﬁcua of Competency in Modern
Meclnmul Engineering, v? WaLTter S. Hurron, Civil and Mechamcll
Enﬂnm, Anthor of “The Works' M-nagas Handbook for Engmeeu,
of 420 Il Sixth Edition, Revued and ed.
Medinm 8vo, nearly s6o pp., strongly bound . . "5

"Amssofwomﬂonmdownhdmpuhmmmdhmhnhmmtkcmbomuy
referred to at any time. The matter is uniformly good and well chosen, and is greatly elucidated
by the {llustrations. The book will find its wayon to most eugtnms shelves, whers it will rank as
one of the most useful books of

“Fuﬂofunﬁdhlomndnmmdshwﬂbohmdoﬂkhoﬁu“o‘lnmdﬁdﬂm
—English Mechanic.

ENGINEER’S, MECHANIC’S, ARCHITECT’'S,
BUILDER’S, &c., TABLES AND MEMORANDA. Selected and
Arranged by Francis SmiTH. Seventh KEdition, Revised, including
f;ncr&%m. TasLes, ForMuLE, and MEMORANDA. Waistcoat-pocket size,

p L

“ The 'we have ever seen of 270 pages of useful matter packed into the dimen-
sions of a wdm"—muwu: News, e e s

ENGINEER'S YEAR-BOOK FOR 1910. Comprising
Formule, Rules, Tables, Data and Memoranda. Forming a Compendium

of the Modern Practice of Civil, Mechanical, Electrical, Marine and Mine
Engineering. By H.R. Kzum, M.Inst.C.E., Electrician to the Post Office,
Formcxl{ol‘:nnclpal Staff Engmeex. Engmec:-m-Chlef's Office, General Post

don, Author of ‘“A Handbook of Electrical Testing,” * The

Electrical Engineer's Pocket-Book," &c. With the Collaboration of Eminent
Specialists. 1,200 pp., with 1,000 Illustrations, :pecu.lly engraved for the

work. Crown Bvo, leather. [Just Published. 0

. Kcmr‘o | Its sphere of usefulness is widely
known, and it is used by onglmn the world ov«."—T Iu Enginesy,

**The volume is distinctly In advance of most similar publications In thls country.'=
Bngineering,
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HYDRAULIC TABLES, CO-EFFICIENTS, & FORMULZE.
For Fiﬂdw the Discharge of Water from Orifices, Notches, Weirs, Pipes, and
Rivers. ith New Formulse, Tables, and General Information on Rain-fall,
Catchment-Basins, Drainage, Se e, Water Supply for Towns and Mill
Power. By N'OHN Nzviceg, C.E,, ﬁ.k.l.A. Third Edition, revised, with

additions. umerous Illustrations. Crown 8vo,cloth . . . 14/0

INTERNAL COMBUSTION ENGINES. Their Theory, Con-
* struetion, and Operation, By RorrA C. CARPENTER, M.M.E,, LL.D., and
H. DiepericHs, M.E., Professors of Experimental Engineering, Sibley
College, Cornell University, 610 pages, with 373 Illustrations. Medium
8vo,cloth . . « . .. . . . . . Net 21/0

INTRODUCTION, DEFINITIONS AND CLASSIFICATIONS, INDICATED AND BRAKE
HORSE-POWER—THERMODYNAMICS OF THE GAS ENGINE—THEORETICAL COMPARISON
OF VARIOUS TYPES OF INTERNAL COMBUSTION ENGINES—THE VARIOUS EVENTS OF THE
CONSTANT-VOLUME _AND CONSTANT-PRESSURE CYCLE AS MODIFIED BY PRACTICAL
CONDITIONS—THE TEMPERATURE ENTROPY DIAGRAM APPLIED TO THE GAS ENGINE—
COMBUSTION—GAS ENGINE FUELS, THE SOLID FUELS, GAS PRODUCERS—THE GAS-
ENGINE FUELS, LIQUID FUEBLS, CARBURETERS AND VAPORISERS—GAS ENGINE FUELS,
THE GAS FUELS, T{E FUEL MIXTURE EXPLOSIBILITY, PRESSURR, AND TEMPERATURE
—~THE HISTORY OF THE GAS ENGINE—MODERN TYPES OF INTERNAL COMB! STION
ENGINES—GAS ENGINE AUXILIARIES, IGNITION, MUFFLERS, AND STARTING APPARATUS
—~REGULATION OF INTERNAL COMBUSTION ENGINES—THE ESTIMATION OF POWER OF
GAS ENGINES—METHODS OF TESTING INTERNAL COMBUSTION ENGINES—THE PER-
Bg;MR:NCBN OF GAS ENGINES AND GAS PRODUCERS—COST OF INSTALLATION AND OF

TION.

IRON AND METAL TRADES' COMPANION. For Ex-

itiously Ascertaining the Value of any Goods bought or sold by Weight,

Om IS, per Cwt. to 11aS. per cwt., and from one farthing per pound to one

shgislling per pound. By THomAs Downik. Strongly bound in leuoh’uo,
36PP: ¢ . e . e e e s e e

IRON AND STEEL. A Work for the Forge, Foundry, Factory,
and Office. Containing ready, useful, and trustworthy Information for Iron-
masters and their Stock-takers; Managers of Bar, Rail, Plate, and Sheet
Rolling Mills; Iron and Metal Founders; Iron Ship and Bridge Builders;

echanical, Mining, and Consulting Engineers; itects, Contractors,
Builders,&c. By CHARLES HOARE, Author of “ The Slide Rule,” &c. Ninth
Edition. 3amo,leather . . , . . « . .+ . . B8/0

IRON AND STEEL CONSTRUCTIONAL WORK, as applied
to Public, Private, and Domestic Buildings. By FraNncis CAMPIN, C.E.
Crown 8vo, cloth . e e e e s e e . . 8/6

IRON & STEEL GIRDERS. A Graphic Table for facilitating
the Computation of the Weights of Wrought Iron and Steel Girders, &c.,
fom'l’aggeament tary and other Estimates. By J. H. WaTson Buck, M.lm.c.!:/é.

na et . . . . . . . . . . . .. .

IRON-PLATE WEIGHT TABLES. For Iron Shipbuilders,
Engineers, and Iron Merch: C i the Calculated Weights of
upwards of 150,000 different sizes of Iron Plates from 1 foot by 6 in. by % in.
to 10 feet by 5 feet by xin. Worked out on the Basis of 40 lbs. to the square
foot of Iron of 1 inch in thickness. By H. BurLiNsox and W, H. SiMpsoN.
4to,halfbound . . . . .. . . L. £1 Bs.
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IRRIGATION (PIONEER). A Manual of Information for
Farmers in the Colonies. By E. O. Mawson, M.Inst.C.E., Executive
Engineer, Public Works Department, Bombay. With Chwpters on Light
Ra ilways by E. R. CaLTHrOP, M.Inst.C. E., M.ILM.E. ith Plates and
Diagrams. Demy 8vo, cloth . . . . . Net10/8
VALUE OF IRRIGATION, AND SOURCES OF WATER SUPPLY—DAMS AND WEIRS—
CANALS—UNDERGROUND WATER—METHODS OF I1RRIGATION—SEWAGE IRRIGATION—
IMPERIAL AUTOMATIC SLUICE GATES—THE CULTIVATION OF IRRIGATED CROPS, VEGE-
TABLES, AND FRUIT TREES—LIGHT RAILWAYS FOR HEAVY TRAFFIC-—USEFUL
MEMORANDA AND DATA.

LATHE PRACTICE. A Complete and Practical Work on the
Modern American Lathe. By Oscar E. PERrIGo, M E.,, Author of

“ Modern Machine Shop Construction, Equip and M " &ec.
Medium 8vo, 424 pp., 315 Illustrations. Cloth .. . Net 12/0

HISTORY OF THE LATHE UP TO THE INTRODUCTION OF SCREW THREADS—ITS
DEVELOPMENT SINCE THE INTRODUCTION OF SCREW THREADS—CLASSIFICATION OF
LATHES—LATHE DESIGN: THE BED AND ITS SUPPORTS—THE HEAD-STOCK CASTING,
THE SPINDLE, AND SPINDLE-CONE—THE SPINDLE BEARINGS, THE BACK GEARS, AND THE
TRIPLE-GEAR MECHANISM—THE TAIL STOCK, THE CARRIAGE, THE APRON, &C.—
TURNING RESTS, SUPPORTING RESTS, SHAFT STRAIGHTENERS, &C.—LATHE ATTACH-
MENTS—RAPID CHANGE GEAR MECHANISM—LATHE TOOLS, HIGH-SPEED STEEL, SPEEDS
AND FEEDS, POWER FOR CUTTING TOOLS, &C.—TESTING A LATHE—LATHE WORK—
ENGINE LATHES—HEAVY LATHBS—HIGH-SPEED LATHES—SPECIAL LATHES—REGULAR
TURRET LATHES—SPECIAL TURRET LATHES—ELECTRICALLY-DRIVEN LATHES,

LATHE-WORK. A Practical Treatise on the Tools, Appliances,
and Processes employed in the Art of Tummg. By me. N. Hasruck.
Eighth Edition. Crown 8vo, cloth . . . . . [}

“We can safely recommend the work to young engmeers To ths amateur it will simply be
invaluable.”—Engineer.

LAW FOR ENGINEERS AND MANUFACTURERS.
See Every MaN's Own Lawver. A Handybook of the Principles of Law
and Equity. By a Barrister. Fon{-sevent (1910) Edmon, Revised and
Enlarged, including Abstracts of the Legislation of x%og of especial interest to
Englneerm Firms and Manufacturers, such as the Housing and Town
Planning Act; the Development and Road Improvement Act; the Trade
Board Act ; the Labour Exchanges Act, and many other recent Acts. Large
crown 8vo, cloth, 838 pages . . [ Just published. Net /8

“ No Englishman ought to be without this book."—Enpmer.
“Qught to be in every buslnm establishment and all libraries.”—Sk¢field Post.

“ltlsnwmplou of English Law written in plain langu: which all can understand.
45, Shouid 'be'In the hande of every busiuess man, A0 Al wherwih io abolish Lamyers ols H
eckly Times,

“ A useful and concise epi f the law, complled with considerable care.”—Law M,
LEVELLING, PRINCIPLES AND PRACTICE OF. Show-

ing its Application to Purposes of Railway and Civil Engineering in
the Construction of Roads; with Mr. TELFORD's Rules for the same. By
FreEpERICK W, Simms, M. Inst.C.E. ~Ninth Edition, with Law's Practical
Examples for Setting-out Railway Curves, and TravTwINE's Field Practice
of Laying-out Circular Curves, With 7 Plates and numerous Woodcsulta.
8vo . . . . . .

*The publishers have rendered 2 mbﬂanﬁal senlce to thc fesdon. especially to the
Re by the present edition of Mr. Simms'’s mul work.”—Engineering.

LIGHTNING CONDUCTORS. MODERN. An Illustrated
Supplement to the Report of the Lxghtmn%]Research Committee of 1905, also
the Pheenix Fire Office 1910 Rules, with Notes as to the Methods of Pro-
tection, and Specifications. By KiLLiNgworTH HEeDGEs, M.Inst.C.E.,

.E.E., Honorary Secretary to the Lxﬁhlnmg Research Committee. Second

edltlon, with additions. 132 pages with Illustrations. Medium 8vo, cloth.
[Just published. Net 6/6

** The work now with ome additions that noticeabl h its value,”"—Scotsman,
*The most important innovati n is the Phaenix Co.’s Rules. There are several new illustra.
tions, mcludln ' remarkable picture of the interior of Barham Church, which was struck with
lightnin ebruary 8, 1906. —lvanmongcr [}
" ome 77 illustrations are included, many of which are of a particularly interesting nature,

Ct?cully those showing the effect of llzhming strokes on protected and unprotected buildings.”

rdware Trade Fournal,
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LOCOMOTIVE ENGINE. The Autobiography of an old Loco-
motive Engine. By RosxrT WEATEERSURN, M.I.M.E. With Illustrations
and Portraits of GEORGE and RoBERT STEPHENSON. Crown 8vo, cllvo‘tth

LOCOMOTIVE ENGINE DEVELOPMENT. A Popular
Treatise on the Gradual Improvements made in Railway Engires between
1803 and 1903. By CLEMENT C. STRETTON, C.E. Smi Edmon, Revised
and Enlarged. Crown 8vo,cloth . . . . . Net4/8

LOCOMOTIVE ENGINE DRIVING. APractxcal Manual for
Engineers in Charge of Locomotive Engines. By MICHAEL REYNOLDS,
M.S.E. Twelfth Edition. Crown 8vo, cloth, 3/8 ; cloth boards 4/6

LOCOMOTIVE ENGINES. A Rudimentary Treatise on. By
G. D. DEupsey, C.E. With large Additions treating of the Modern Loco-
motive, by D. K. CLARK, M.Inst.C.E. With Illustrations. Crown 8vo, céolg

LOCOMOTIVB (MODEL) ENGINEER, Fireman and Engine
. Comprising a Historical Notice of the Pioneex Locomotive Engine
their Inventors. By chnnx. Rmows Crown 8vo, cloth, 3/6

cloth boards . . . . e e 4/8

LOCOMOTIVES, THE APPLICATION OF HIGHLY
SUPERHEATED STEAM TO. See STEAM.

MACHINERY, DETAILS OF. Comprising Instructions for
the Execution of various Works in Iron in the Fitting Sho g Fonndry. and
Boiler Yard. By Francis CaMpiN, C.E. Crown 8vo, clot! (o]

MACHINE SHOP TOOLS. A Practical Treatise describing
in every detail the Construction, Operation and Manipulation of both Hand
and Machine Tools ; being a work of Practical Instruction in all Classes of
Modern Machine Shop Practice, includin, Chapters on Filing, Fitting and
Scrapin% Surfaces ; on Drills, Reamers, Taps and Dies; the Lathe and its
Tools ; Planers, Shapers and their Tools ; Milling Machines and Cutters ; Gear
Cmters and Gear Cutting; Drilling Machines and Drill Work 3 Gnndmg
Machines and their Work; Hardening and Tempering, Geann Belting,
and Transmission Machmery, Useful Data and Tables. By W, H. Vax
DeRrvOORT, M.E. Illustrated by 673 Engravings. Medium 8v vo.

Net 21/0

MAGNETOS FOR AUTOMOBILISTS : How Made and How
Used. A Handbook of Practical Instruction in the Manufacture and Adapt
tion of the Magneto to the needs of the Motorist. By S. R. BoTTONE, te
of the Collegm del Carmine, Turin ; Author of ‘‘ The Dynamo,” ‘‘ Ignition
Devices,” &c. Second Edmon, Enlarved 18 p1ges, \Vnh 52 Tilustrations.
Crown 8vo, cloth . . Net 2/0

MARINE ENGINEERING. An Elementary Manual for Young

Marine Engineers and Apprentices, By J.S. BREWER. Crown 8vo, cloda
1

MARINE ENGINEER’S GUIDE to Board of Trade Exam-
inations for Certificates of Competency. Containing all Latest Questwns to
Date, with Simpie, Ciear, and Correct Solutions; 302 Elementary Questions
with Illustrated Answers, and Verbal Questions and Answers ; complete Set
of Drawings with St d. ByA.C. WANNAN, C.E., Consult-
ing Engineer, and E. W. L WanNaAN, M.LLM.E., Certificated First Class
Marine Engineer. With numerous Engnvmgs. Fourth Edition, Enlarged.
soo pages. Large crown 8vo, cloth . . . . . . Net 10/6

MARINE ENGINEER'S POCKET-BOOK. Containing latest
Board of Trade Rules and Data for Marine Engineers. By A. C. WaNNaAN.
Fifth Edition. 186 pages, Illustrated. Square 18mo, with thumb Index.
eather . " . v . " . . v [Just Published. Net 4/6
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MARINE ENGINES AND BOILERS. Their Design and
Construction. A Handbook for the Use of Students, Engineers, and Naval
Constructors. Based on the Work ‘ Berechnung und Konstruktion der
Schiffsmaschinen und Kessel,” by Dr. G. BAUER, Engineer-in-Chief of the
Vulcan Shipbuilding Yard, Stettin. Translated from the Second German
Edition by E. M. DonkiN, and S. Brvan Donkin, A.M.L.C.E. Edited
by LESLIE S. ROBERTSON, Secretary to the Engineering Standards Com-
mittee, M.1.C.E., M.I.M.E., M.LLN.A., &c. With numerous Illustrations
and Tables. Medium 8vo, cloth . . .. . Net 28/0

SUMMARY OF CONTENTS :—PART L—MAIN ENGINES—DETERMINATION OF CYLIN.

DER DIMENSIONS—THE UTILISATION OF STEAM IN THE ENGINE—STROKE OF PISTON

~NUMBER OF REBVOLUTIONS—TURNING MOMENT—BALANCING OF THE MOVING PARTS

~ARRANGEMENT OF MAIN ENGINES—DETAILS OF MAIN ENGINES—THE CYLINDER—

VALVES—VARIOUS KINDS OF VALVE GBAR-PIS‘I‘ON RODS—PISTONS—CONNECTING

ROD AND CROSSHEAD —VALVE GEAR RODS — BED PLATES — ENGINE caumus-

REVERSING AND TURNING GEAR. PART IL—PUM PS—_ATR, CIRCULATING FEBD,

AUXILIARY PUMPS. PART IIL.—SHAFTING, RESISTANCE OF SHIPS, PROPELLERS

~THRUST SHAFT AND THRUST BLOCK-—TUNNB SHAFTS AND PLUMMER BLOCKS—

SHAFT COUPLINGS—STERN TUBE—THE SCREW PROPELLER—CONSTRUCTION OF THR
SCREW. PART IV.—PIPES AND CONNE TIONS—GENERAL REMARKS, FLANGI.S.
lVALVBS. &C.—UNDER WATER FITTINGS—MAIN STEAM, AUXILIARY §

TBAM,

XHAUST PIPING—FBED WATER, BILGE, BALLAST AND CIRCULATING PIPES. PART V —
TEAM BOILERS—FIRING AND THE GENERATION OF STEAM—CYLINDRICAL BOILERS.
— LOCOMOTIVE BOILERS — WATER-TUBE BOILERS— SMALL TUBE WATER - TUBR
llOILBRS—SlOK! BOX—FUNNEL AND BOILER LAGGING—FORCED DRAUGHT—BOILER
FITTINGS AND MOUNTINGS. PART VIL.—MEASURING INSTRUMENTS. PART VIIL.—
VARIOUS DETAILS—BOLTS, NUTS, SCREW THRBADS, c.—PLATFORllS GRATINGS,
LADDERS ~ FOUNDAT]ONS—SBA INGS — LUBRICAT! BNTILATION OF ENGINR
ROOMS—RULES FOR SPARE GEAR. PART VIIL. —ADDIT]ONAL TABLES.

MARINE ENGINES AND STEAM VESSELS. By R.
MuRrray, C.E. Eighth Edition, thoroughly Revised, with Additions by
the Author and by GEORGE CARLISLE, C.E. " Crown 8vo, cloth ., . 4/8

RINE STEAM TURBINE. A practlcal Description of the
Parsons Marine Turbine as presently constructed, fitted, and run, intended for
the use of Students, Marine Engineers, Superintendent Engmeers, Draughts.
men, Works' Managers, Foremen Engineers, and others. By J. W. SOTHERN,
Member, Institute of Engineers and bhlpbunlders in Scotland ; Hon, Member,
West_of Scotland Foremen Engineers' and Draughtsrnens Association ;
Principal, Sothern’s Marine Engineering College, Glasgow ; Member
Association of Engineering Teachers. Previous editions translated into the
French, German, Spanish, and Dutch languages. Illustrated by over 180
Dugrams. Photographs, and Detail Drawings. Third edition, Re.written and
greatly enlarged. edium 8vo, cloth . . . . . Net 12/8

MARINE STEAM TURBINES. A Handbook for the use of
Students, Engineers, and Naval Constructors. Based on the work

‘¢ Schiffsturbinen.” By Dr. G. BAUER, Engineer-in.Chief of the Vulcan
Shipbuilding Yard, Stemn, and O. LascHE, Engineer-in-Chief of the Steam

Tur ine Works of the AE.G., Berlin, Translated from the German by

M. G. S. Swarrow. With 104 Illustrations and Tables  [In preparation.

MASONRY DAMS FroM INCEPTION To COMPLETION.

Including numerous Formule, Forms of Specification and Tender, Pocket
Di of Forces, &c. For the use of Civil and Mining Engineers. B
C. F. CourTNEY, M.Inst.C.E. 8vo, cloth . . . . . . 9/&

MASTING, MAST-MAKING, AND RIGGING OF SHIPS.

Also Tables of Spars, Rigging, Blocks; Chain, Wire,and Hemp Ropes, &c.,
relative to every class of vessels. By R.KipPING. Crown 8vo,cloth 2/0

MATERIALS AND CONSTRUCTION. A Theoretical and
Practical Treatise on the Strains, Designing, and Erectlon of Works of Con-
struction. By F. CaMPIN, Crown 8vo, cloth . . . 8IQ
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MATERIALS, A 'I'RBATlsB ON THE STRENGTH OF.
By P. Bamiow, F.R.S,, P. W. Bamiow, F.R.S, and W. H.BAn.ov,l'R.S
Edited by Wa Humazs, A M.Inst CE. 8vo, cloth . 18/0
* The samdasd tseative on that sabject.”. ’

MATHEMATICAL TABLES. For Tngonometnml Astrono-
Logmhmb H. Law, C.E. ‘Vu.hTabhsf‘N ﬁgldoned TdN tig}

w, or Na and Naut
Astronomy. B’y Prof. J. R. Young. Crown 8vo, cloth . . 4/0

MEASURES: BRITISH AND AMERICAN CUSTOMARY
AND METRIC LEGAL MEASURES. For Commercial and Technical
forming the Measure Section of Part I. of “ The Mechanical
Engineer’s Reference Book.” By Nersox Forev, M.I.N.A. Foliohclothi 6

et 7
MEASURES : LEGAL STANDARDS — LINEAL —SQUARE —CUBIC AND CAPACITY—
WEIGHT—COMPOUND UNITS~VELOCITY AND SPEED—MEASURES OF GRAVITY—MASS—
FORCE — W ORK — POWER — ELECTRICAL — HEAT — MOMENTS — ENERGY—MOMENTUM—
CENTRIFUGAL FORCE—ANGLES—EQUIVALENTS : CUSTOMARY MEASURES TO METRIC,

AXD vice ersa—LINEAL—SQUARE—~CURIC AND CAPACITY—WEIGHTS—-MONBY (ENGLISH,
AMERICAN, AND FRENCH),

MECHANICAL ENGINEERING. Comprising Metallurgy,
Moulding, Casd.ng, Forging, Tools, Workshop Machinery, Mechanical
M anufacture of the Steam Engi.ne, By Fraxcis
Caurix, C.E. T‘hl:d Edition. Crown 8vo, cloth . . 2/6

MECHANICAL ENGINEERING TERMS. (Lockwood's
e B oaicy, Fivng. Furming, Smirhe, and Betler Shopa 8 Commisine

u wdsof 6,000 Definstions. ﬁdned by'J. G. Horwem, A'M.LM.E.  Thirq
Revised, with Addmons Crown 8vo, cloth . . . Net 716

MECHANICAL ENGINEER'S COMPANION. Areas,
Decimal millimetres.
ﬂw«, cnbes. toots, &c. ; S%lt& Wenght of Iron c.; Weights,

sotEn‘me 0 xons.B
REowuns, M.lnnC.E. F'cap, 8vo, . m é

MECHANICAL ENGINEER’S POCKET-BOOK. Comprising
Tnbl Formule, Rules, and Data: A Handy Book of Refercnce for
:tz se m Engmemng Practice. By D. Klmn CrArk, M.Inst.C.E.,

hly Revised and Enlarged. By H. H.P. PowLEs,
A.M.Inst. C. lli i Small 8vo, 700 pp., Leather . Net 8/0

.

MA‘I‘HBIATXCAI- ‘l‘um—llusunmr OF SURFACES AND SOLIDS — ENG-
LISH WRIGHTS AND MBASURES — FRENCH METRIC WRIGHTS AND MEASURBS—
FOREIGN WERIGHTS AND MBAsuuls—uomws SPECIFIC GRAVITY, WREIGHT, AND
VOLUME — MANUFACTURED METALS — STREL PIPES — BOLTS AND NUTS — SUNDRY
ARTICLBS IN WROUGHT AND CAST IRON, COPPER, BRASS, x.un, TIN, ZINC—
STRENGTH OF MATERIALS — STRENGTH OF TIMBER—STRENGTH OF CAST IRON —

AND RETARDING FORCES—MILL GEARING, snmmc. &c.—~TRANSMISSION OF MOTIVE
POWER — HEAT—COMBUSTION: LS—WARMING, VENTILATION, COOKING STOVES—
STEAM—STEAM ENGINES AND Bon.nns—luul,w.ws- TRAMWAYS — STEAM SHIPS —
PUMPING STEAM ENGINES AND PUMPS—COAL GAS—GAS ENGINES, &c.—AIR IN MOTION
~COMPRESSED Alk—Horr AIR ENGINBS—WATER POWER—~SPEED OF CUTTING TOOLS
=COLOURS~-ELECTRICAL ENGINEERING,

*“It would be found difficuls wmpmmmnuvuhhlmmmo'pmdmn
book of yoo which should be more
bea vymw-mouum-mmmmm
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MECHANICAL HANDLING OF MATERIAL. A
Treatise on the Handling of Material such as Coal, Ore, Timber, &c.,
by Automatic or Semi-Automatic Machinery, together with the Various
Accessories used in the Manipulation of such Plant, and Dealing fully with
the Handlmg, Storing, and Warehousing of Grain. By G. F. ZiumEr,

M.Inst.C.E. 528 pages Royal 8vo, cloth, with 550 Illustrations (including
F oldmg Plates) specially prepared for the Work . . Net
*It is an essentially practical work written bya practical man, who is not only thoroughly
acquainted wuh his subject thecrencally. but w o also has the knowledge that can only
ng and i for the 1 handli

ctual
of raw matenal."—T e Tmu:.

MECHANICS. Being a concise Exposition of the General
Pnnmples of Mechanical Science and their Apphcations By C TOMLINSON,
R.S. Crown 8vo, cloth . . . 1/6

MECHANICS CONDBNSED. A Selectlon of Formula, Raules,
Tables, and Data for the Use of Engmeenng Students. &c. By W. G. C.
HucHEs, A.M.I.C.E. Crown 8vo, cloth « e 6

MECHANICS OF AIR MACHINERY. By Dr. J. WiesBacn
and Pror. G. HERRMANN. Authorized Translation with an Appendix on
American Practice by A. TRowBRIDGE, Ph.B., Adjunct Professor of echamcal
Engineering, Colu.m{m University. Royal Bvo. oth . .« Net 18/0

MECHANICS’ WORKSHOP COMPANION. Comprising a
great variety of the most useful Rules and Formulae in Mechanical Science,
with numerous Tables of Practical Data and Calculated Results for Facilita-
ting | Meclumed Operations. By WiLLiaM TempPLETON, Author of *‘The
En eer's Practical Assistant,” &c., &c. Nineteenth Edition, Revised

. S. Hurton, C.E., Author of “The Works' Manager's Handbook,"
&c H with an Electrical Section by A, P, HasLaM. F'cap. 8vo, nearly soo pp.,
¢

with 8 Plates and 2(5 Illusu-auons. leather e e e Net §'0
*This well-known and upwdaw}oltho
sort so useful to the foreman a.nd dmwmn. So much fresh i ion has been i
to constitute it practically a new "— Mechanical World.

MECHANISM AND MACHINE TOOLS. By T. BAKER,
C.E. With Remarks on Tools and Machmery by J. NAqu'w. C.E.
Crown 8vo, cloth . . . . . 2/6

MENSURATION AND MEASURING. Wlth the Mensura.tlon
and Levelling of Land for the lg:»u oses of Modern Engineering, By T.
Baker, C.E. New Edition by uGENT, C.E. Crown 8vo,cloth. 1/6

METAL-TU RN ING. A Practical Handbook for Engineers,

and A s. By JosepH HORNER, A.M.I.Mech.E.,

Author of “ Pattem Maklng " &c. Large crown 8vo, cloth, with &88 Illus-
trations . . .

SUMMARY OF CONTENTS —INTRODUCI‘ION—RBLA‘I‘IONS OF TURNERYANDMACHINB
SHOP—SEC. 1. THR LATHE, ITS WORK, AND TOOLS—FORMS AND FUNCTIONS OF TOOLS—
REMARKS ON TURNING IN éBNBRAL.—SBC 1I. TURNING BETWEEN CENTRES—CENTRING
AND DRIVING—USE OF STEADIES—EXAMPLES OF TURNING INVOLVING LINING-OUT
FOR CENTRES—MANDREL WORK.—SEC. III.  WORK SUPPORTED AT ONE_ EXND—FACE

BORING, AND ALLIED OPERATIONS.—SEC. V. SCREW CUTTINGS AND TURRET WORK.
—~SEC. VI. MISCELLANEOUS — SPECIAL WORK — MEASUREMENT, GRINDING — TOOL
HOLDERS—SPEED AND FEEDS, TOOL STEBLS—STEEL MAKERS' INSTRUCTIONS.

METRIC TABLES. In which the British Standard Measures
and Weights are compared with those of the Metric System at present in Use
on the Continent. ByC. H. DowLinG, C.E. 8vo,cloth . . . 10/6

MILLING MACHINES ; their Design, Construction, and Work-

ing. Handbook for Practlca.l Men and Engineering Students. B“f'l OSEPH
Honmm, A.M.I.Mech.E., Author of * Pattern Making, 1th ¢
Illustrations. Medium 8vo, cloth e e v . . Ne 120

LEADING ELEMENTS OF MILLING MACHINE DESIGN AND CONSTRUCTION—PLAIN

AND UNIVERSAL MACHINES — ATTACHMENTS AND BRACINGS — VERTICAL SPINDLES

MACHINES—PLANO-MILLERS OR SLABBING MACHINBS—SPECIAL MACHINES—CUTTERS—

MILLING OPBRATIONS—INDBXING, SPIRAL WORK, AND WORM, SPUR, AND BEVEL GEARS

&C.~S5PUK AND BRVEL GEARS—FEED AND SPBEDS,



== =R (m R"RPOSES- A
% Passeagers
T WX o3¢ Postra-

. 5290

o"woam . AREAS ABLES
ow V{,At&i ASD CUYES ARD ROOTS OF NUMBERS—TARLES OF LOGARITHMS OF NUN-
PAYS-TAKLBN ¥ HIVERDAI. LOCARITHMS—TAKLES OF NATURAL SINES, TANGENTS
~/} AL (7P LA ARSTHMIC Sm TANGENTS, &c.

NAVAL ARCHITECTURE. AnEx cmmon of the Elementary
Veingdples, By J. Peaxe. Crown 8vo, . 8/6
-

. .




CIVIL, MECHANICAL, &«¢c., ENGINEERING. 21

NAVIGATION 'AND NAUTICAL ASTRONOMY. In Theory
6

and Practice. By Prof.]J.R. YounG. Crown 8vo, cloth . .. 20

NAVIGATION, PRACTICAL. Consisting of the Sailor’s Sea
Book, by J. GREENwooD and W. H. Rosskr; together with Mathematical
and Nautical Tables for the Working of the Problems, by H. Law, C.E.,
and Prof. J. R. Young . . . . . . . . . 7/0

PATTERN MAKING. Embracing the Main Types of Engineer-
ing Construction, and includin Gening, Engine Work, Sheaves and Pulleys,
Pipes and Columns, Screws, ‘n‘chine arts, Pumps and Cocks, the Mould-

ing of Patterns in Loam and d, Weight of Castings, &:. By J. G.
HornNEr, AAM.I.LM.E. Third Edition, Enlarged. With 486 Illustrations.
Crown 8vo,cloth . . . . . . . . . . NeT78

PATTERN MAKING. A Practical Work on the Art of Making
Patterns for Engineering and Foundry Work, including (among other matter,
Materials and Tools, Wood Patterns, Metal i’attems, Pattern Shop Mathema-
tics, Cost, Care, &c., of Patterns. By F. W. BARRows. Fully Illustrated by
Engravings made from Special Drawings by the Author. Crown 8vo, cloth.

Ne
PATTERN MAKERS AND PATTERN MAKING—MATERIALS AND TOOLS—EXAMPLES OF
PATTERN WORK—METAL PATTERNS—PATTERN SHOP MATHEMATICS—COST, CARE, AND
INVENTORY OF PATTERNS—MARKING AND RECORD OF PATTERNS—PATTERN ACCOUNTS.

PETROL AIR GAS. A Practical Hand-book on the Installation
and Working of Air Gas Lighting Systems for Country Houses. By HENRY
O’CONNOR, F.R,S.E., A.M.Inst.C.E., &c., Author of “ The Gas Engineer’s
Pocket-Book.” 8o Pages with Illustrations. Crown 8vo, cloth, Net 1/6

PETROLEUM MINING AND OIL-FIELD DEVELOP-
MENT. A Guide to the Exploration of Petroleum Lands, and a Study of
the Engineering Problems connected with the Winning of Petroleum, includ-
ing Statistical Data of Important Oil-fields, Notes on tbe Origin ana Distribu-
tion of Petroleum, and a Description of the Methods of Utilising Oil and Gas
Fuel. By A. BEery THomPsoN, A M.1.Mech E., F.G.S., Author of *“ The
Oil-ficlds_ of Russia.” 384 pages, 114 lllustrations, including 22 full-page
Plates. Demy 8vo, cloth . . . .« [Just Published. Net 15/0

s a‘;’i‘!‘ls an admirable text-book by a competent authority on an interesting subject.”—AMining

ol *The present effort is likely to receive a warm welcome in engineering circles, and it can be
.:oln:di:llly coml;l;ndl:{d for perusal. It will doubtless have that large sale to which its merits entitle
S —Menin, orid.,

“ Thelgeneral aspects of the Pctroleum Industry are fully and ably laid out.”—Engineer,

PIONEER ENGINEERING. A Treatise on the Engineering
Operations connected with the Settlement of Waste Lands in New
C]oull)uries. By E. Dosson, M.Inst.C.E. Second Edition. Crown 8»%
cloth . . . . . . . . . . . . . .

PNEUMATICS. Including Acoustics and the Phenomena of

Wind Currents, for the use of Beginners, By CHARLES TOMLINSON,
F.R.S. Crown 8vo, cloth o e e e e . . . .

PORTLAND CEMENT, THE MODERN MANUFACTURE
OP. A Handbook for Manufacturers, Users, and all interested in Portland
Cement. By Prgcy C. H. WesT, Fellow of the Chemical Society and of the
Society of Chemical Industry. Vol. I.—Machinery and Kilns. 280 pages,
with 159 Illustrations and numerous Tables. Royal 8vo, cloth.

[ Just Publisked. Net 12/6
WASH-MILLS=WET EDGE-RUNNERS AND STONE-MILLS =WET TUBE-MILLS—=OTHER

WET MILLS AND ACCESSORY PLANT—WET PROCESS — CRUSHERS DRIERS — MILL-

STONES, EULGE-RUNNERS, DISINTEGRATOR>, &c.—BALL:MILLS—CENTRIFUGAL ROLL-

MILLS ~TUBH-MILLS -CONVEY RS AND ELEVATORS—DUST COLLECTORS —WEIGHING

MACHINES  SEPARATORS AND AUTOMATIC FEEDERS — PRESSING AND DxYING

BRIQUBTTES—SHAFT AND UTHER STATIONARY KILNS—ROTARY KILNS=—COAL DRYING

AND GRINDING—=STORING AND GRINDING THE CLINKER—WARBIIOUSING AND PACKING

THE CEMENT—DESCRIPTIONS OF SOME MODERN CEMENT PLANTS,
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PRODUCER GAS PRACTICE (AMERICAN) AND IN-
DUSTRIAL GAS ENGINEERING. By Nisser LATTA, M.Amer.Soc.
M.E., M.Amer. Gas Inst. 558 pages, with 247 Illustrations. Demy 4to,
cloth . . [Just published. Net 25/0

PRODUCER OPERATION—CLEANING TH® GAS—WORKS DATAILS—PRODUCSR TYPES

—MOVING GASES—SOLID FUBIS—PHYSICAL PROPRRTIBS OF GAS 7S—CHRMICAL

PROPRRTIRS OF GA-BS - GAS ANALY>I<—GAS POWEBR -GAS ENGINRS—INDUSTRIAL GAS

APPLICATIONS—FURNACES AND KILNS—BURNING LIME AND CEMENT—PRE-HEATING

AIR — DOHERTY COMBUSTION ECONOMIZER — COMBUSTION IN FURNACES — HEAT

TEMPERATU®E, RADIATION AND CONPUCTION—HEAT MEASUREMENTS: PYROMETRY

AND CALORIMETRY=PIPES, FLUES AND CHIMNEYS—MATERIALS : FIRECLAY, MASONRY,

WEIGHTS AND ROPE ~USEFUL TABLES-OIL FUEL PRODUCER GaAs.

PRODUCER GAS. See also Gas ENGINES AND PRODUCER

GaAs PrLanTts.
PUMPS AND PUMPING. A Ha.ndbook for Pump Users.
Being Notes on Selection, Cons and M. y M. Powis

BaLz, M.Inst.C.E., M.I. Mech. E. Fifth Edition. Crown 8vo,: cloth 36

PUNCHES, DIES, AND TOOLS FOR MANUFACTURING
IN PRESSES. By JoserH V. WooDWORTH., Medium 8vo, cloth. 482
pages, with 700 Illustrations . Ner 168/0

SIMPLE BENDING AND FORMING DIBS, THEIR CONSTRUCTION, USE AND OPERATION

—INTRICATE COMBINATION, BENDING AND FORMING DIES, FOR ACCURATE AND RAPID

PRODUCTION—AUTOMATIC FORMING, BENDING AND TWISTING DIES AND PUNCHES, FOR

DIFFICULT AND NOVEL SHAPING—CUT, CARRY, AND FOLLOW DIBS, TOGETHER WITH

TOOL COMBINATIONS FOR PROGRESSIVE SHEET METAL WORKING—NOTCHING PERFU-

RATING AND PIERCING PUNCHES, DIES AND TOOLS—COMPOSITE, SECTIONAL, COMPOUND

AND ARMATURE DISK AND SEGMENT PUNCHES AND DIES—PROCESSES AND TOOLS FOR

MAKING RIFLE CARTRIDGES, CARTRIDGE CASES OF QUICK-FIRING GUNS, AND NICKEL

BULLET JACKETS—THE MANUFACTURE AND USE OF DIES FOR DRAWING WIRE AND

BAR STEEL—PENS, PINS, AND NEEDLES, THEIR EVOLUTION AND MANUFACTURE—

PUNCHES, DIES, AND PROCESSES FOR MAKING HYDRAULIC PACKING LEATHERS,

TOGETHER WITH TOOLS FOR PAINT AND CHEMICAL TABLETS—DRAWING, RE-DRAWING,

REDUCING, FLANGING, FORMING, REVERSING, AND CUPPING PROCESSES, PUNCHES AND

DIES FOR CIRCULAR AND RECTANGULAR AND SHEET-METAL ARTICLES—BEADIN

WIRING, CURLING AND SEAMING PUNCHES AND DIES FOR CLOSING AND ASSEMBLING OP

METAL PARTS—]JEWELLERY DIE-MAKING, EYE GLASS, LENS AND MEDAL DIES, AND

CONSTRUCTION OF SPOON AND FORK-MAKING TOOLS—DRESIGN, CONSTRUCTION AND USE

OF SUB-PRESSES AND SUB-PRESS DIES FOR WATCH AND CLOCK WORK AND ACCURATE

PIERCING AND PUNCHING—DROP FORGING AND DIE SINKING, TOGETHER WITH MAKING

OF DROP DIES, STEAM-HAMMER DIES, NUMBER-PLATE TOOLS AND DIES FOR BOLT

MACHINES—METHODS, DESIGNS, WAYS, KINKS, FORMULAS AND TOOLS FOR SPECIAL

WORK, TOGETHER WITH MISCELLANEOUS INFORMATION OF VALUE TO TOOL AND DIE

MAKERS AND SHEET-METAL GOODS MANUFACTURERS—SPECIAL AND NOVEL PROCESSES,

PRESSES AND FEEDS FOR WORKING SHEET METAL IN DIES,

RECLAMATION OF LAND FROM TIDAL WATERS.
A Handbook for Engineers, Landed Proprietors, and others interested in Works
of By an.n, Dirllmt.c.& Svo. cloth. Nez 1 010

** The work contains a gna: deal and useful hich cannot fail

practical
rmw%m with the enclosure of nltmnhu.andmhnd-omhundh;
:omhlmlmd the sea."—Tk¢ Engineer,

RECOIL OF GUNS WITH RECOIL CYLINDERS, THE
Tl'l ORY OF, By Professor F. RAUSENBERGER. Specially printed from
¢ Artille: lated by ALFRED SLATER. 100

vnth é,' Plates Demy 8vo, clot.h . . Net %3/6

XTSRNAL FORG4S ON A RECOILING GUN-MOUNTING WHICH COME INTO

Ac*rxox ON FIRING—DETBRMINATION OF THE BRAKB PRESSURE AND THE_LENGTH

OF RECOIL—THE RUNNINS-FORWARD DEVICE—RECOIL BRAKES—THE RUNNING.
FORWARD BRAKE—NOTATION USED.

REFRIGERATION AND ICE-MAKING POCKET BOOK.
By A. J. WaLLis-TAVLER, A.M.Inst.C.E. Author of ** Refrigerating and Ice-
making Machinery,” &c. Fourth Edition. Crown 8vo, cloth. Net 3/6

RBFRIGBRATION. COoLD STORAGB, & ICE- MAKING :

Treatise on the Art and A. J.

WALLIS-TAYLBR, A.M.Inst.C.E. Containing the Thu'd lfdmon of * Refnget-

ating and Ice-Making Machinery.” Second Edition. th 360

Illustrations. Medium 8vo, cloth. [Just Pn&lx:kedp Nd 10/6

s A b e o 4 bl gt
any way be of value to those interested in wbjecc."—smmw
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RIVER BARS. The Causes of their Formation, and their
Treatment by  Induced Tidal Scour”; with a Description of the Successful
Reduction by this Method of the Bar’ at Dublm By L. J. MANN, Assist.
l&:g. to the 6ubhn Port and Docln oard Ro'ynl 8vo, cloth

e

lndeod. thon concomod in the
)3 of rivers g Ly —t: reud Mr. Mann’s work.' .

ROADS AND STREETS. By H.Law, C.E,, and D. K. CLARK,
C.E. Revised, with Additional Chapters by A. J. WaLL1s-TAYLER,
A.M.Inst.C.E. Seventh Edition. Crown 8vo, cloth . 8/0 -
‘* A book which every borough surveyor and engineer must posses and whu:h wm be of

id service to and owners News,

ROOFS OF WOOD AND IRON. Deduced chiefly from the
Works of Robison, Tredgold, and Humber. By E. W, TarN, M.A,,
Architect, Fifth Edition. Crown 8vo, cloth e e

SAFE RAILWAY WORKING. A Treatise on Rallwa.y Acci-
dents, their Cause and Prevention; with a Descaption of Modern Appliances
and éystems. By CLEMENT E. S-rnﬂon, C.E. Tlmd Edmon, nlar ed.
Crown 8vo, cloth . . . . . . 5

SAFE USE OF STEAM. Containing Rules for Unprofes-

sional Steam Users. Bv an ENGINEER. Eighth Ediuon. Sewed . Bg.
“ It steam-users would but learn this little book by heart, boller explosions would
sensations by their rarity,”— English Mechanic.

SAILMAKING. By Samuer B. SapLER, Practical Sailmaker,
late in the employment of Messrs, Ratsey and Lapthorne, of Cowes and
Second Edition. Revised and Enlarged, Plates. 4to, ;’lotti 2/6

SAILOR’S SEA BOOK. A Rudimentary Treatise on Naviga-
tion, JaMES GREENWOOD, B.A. With numerous Woodcuts and
Colour Plates, New and ﬁnlarged Edition. By W. H. RoSSER.
Crown 8vo,cloth . . . e e v e .. .28

SAILS AND SAIL-MAKING. With Draughting, and the
Centre of Effort of the Sails, Weights and Sizes of Ropes; Masting,
Rluing, and Sails of Steam Vessels. X By R Kn-rmo, N.A. Crowg

8vo,cloth .

SCREW-THREADS, and Methods of Producmg Them. With

numerous Tables and compiete Directions for usi “F ~Cumn
Lathes. By Pauvn N. l-hsr.ucx, Author of * Lathe-Work,” & mg

. .

Edition. aistcoat-

1/
"Funolnumlinfomauon.hln aml al criticism, ‘l‘aedlu.udnenmt
generally are illustrated and their action descri wmMMechanical We pi

SEA TERMS, PHRASES, AND WORDS; Technical Dic-
tionary (French-English, English-French), used in the English ana French
meu. For the Use of Sumen, Engmeen, Pilots, S| pbnlldus, Ship-

d Shi Compiled W. PIRRIE, late the African
SteumlupCompnny. Fleap. lvo,cloth e e e [P 5/

SHIPBUILDING INDUSTRY OF GERMANY. Compiled
and deted by G. Leumann-FeLskowski. With Coloured Prints, Art

, and lllustntxons throughout the text. S r-royal

4to, cloth . . . ¢t 10/8
SHIPS AND BOATS. By W BLanp. With numerous Illus-
trations and Models. Tenth Edition. Crown 8vo, cloth S 1/8
SHIPS FOR OCEAN AND RIVER SERVICE. Principles

of the Constructlon of, NyH A. SOMMERFELDT. Crown 8vo . 1/6
ATLAS O GRAVINGS to illustrate the above. Twelve large t'ol%nlng

Plates, Royal qto,cloth. . .

. . . . .
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SMITHY AND FORGE. Including the Farrier’s Art and
Coach Smithing. By W. J. E. CrRaNe. Crown8vo,cloth . . 2/

STATICS, GRAPHIC AND ANALYTIC. In their Practical
Application to the Treatment of Stresses in Roofs, Solid Girders, Lattice,
Bowstring, and Suspension Bridges, Braced Iron Arches and Piers, and other
Frameworks. By R. Hupson GraHax, C.E. Containing Diagrams and
Plates to Scale, With numerous Examples, many taken from existing
tructures. Specially arranged for Class-work in Colleges and Universities.
Second Edition, Revised and Enlarged. 8vo, cloth . . . 18/0
**Mr. Graham's buok will find a place and ytic statics are used or

tudied."—ZBngineer.

STATIONARY ENGINE DRIVING. A Practical Manual for
En, neers in Charge of Stationary Engines. By MICHAEL REvVNOLDS,
M. Eighth Edition. Crown 8vo, cloth, 3/8, cloth boards . /
“The author is d with his sub d a manual which is
an exceedingly useful one for the class for whom it is specially fat . ing.

STATIONARY ENGINES. A Practical Handbook of their
for Men-in-charge. By C. HursT. Crown 8vo. Net 1/0

STEAM : THE APPLICATION OF HIGHLY SUPER-
HEATED STEAM TO LOCOMOTIVES. Beinga repnnt from a Series
of Articles appearing in the Esgineer. By ROBERT GAReE, Privy Councillor,
Prussian State Railways. Translated from the G . EdlteX by LesLix
S. ROBERTSON, Secretary of the Engineering Standards Committee,
M.Inst.C.E., M.1.Mech.E., M.Inst.N.A., &c. Medium 8vo, cloth 7/6

STEAM AND THE STEAM ENGINE. Stationary and
Portable. Being an Extension of the Treatise on the Steam Engine of
Ll{r hJ SeweLL. By D. K. CrLark, C.E. Fourth Edition. Crown 8vo,
th .
"cEeery cuanthl pm of the subjcct is treated of eompountly. andina popnhr stylo —lsrnle.

STEAM AND MACHINERY MANAGEMENT. A Guide

to the Arr and of Machinery, with

Hints on Construction and Selection By M. Powis BaLg, M.Inst.M.E.

Crown 8vo, cloth . . . . . . 2/8
“ Gives the results of wide peri —Llo_yd': Ne spap

STEAM ENGINE. A Practical Handbook compiled with
pecul Reference to Small and Medium-sized Kngines. For tne Use of

ne Makers, Mechanical Draughtsmen, Engineering Students, and users

g, team Power. By HErRMAN Hu:nsn, é E. Translated from the German

wuh additions and alterations, b . H. P. PowLgs, A.M.I.C.E., M.I.M.E.
Third Edmon, Revised. Wlth neuly x,xoo Illustrations. Crovm 8vo,

cloth . . . Net 7/8

* Thisis an ezcdlent book. :nd lhould be in lho hn\ds ofAll! who are interested in thc con.

struction and design o areful study of its coni
the arrangement of the sections leads to the conclusion that there is probably no otm I;‘ook Ilh it

in this country. The volume aims at showing the results of p ly

may claim a of this idea.” sure,

STEAM ENGINE. A Treatise on the Mathematical Theory of,
with Rules and Examples for Practical Men. By T. BAkEr, C.E. Crown

8vo, cloth . . . B . . . 1/8
* Teems with scientific i i vdlh fe tothe t gine."—Design and Work,
STEAM ENGINE. A Text-Book on the Steam Engine, with a

n Gas E and PArT II. on HeEaT EnciNes. By T.
M. éoonln, M A., Barrister-at-Law, Professor of Mechanics at the Ro
College of Science, London ; 3+ Author of ““ The Principles of Mechanics,” ‘ The
Elements of Mechanism," &c. Fourteenth Edition. Crown 8vo,cloth . &/0
on the steam engine, which will bear comparison
‘we can award it no higher praise.”—Lngsneer.
h every young engineer should possess himeel,"
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STEAM ENGINE. For the Use of Beginners. By Dr. LARDNER,

Crown 8vo,cloth . . . . . P 1/6

STEAM ENGINE (PORTABLE). A Practical Manual on
its Construction and Management. For the use of Owners and Users of
Steam Engines generally,. By WiLLiam Dvson WansBroUGH. Crown
8vo,cloth . . . e e e . . 8/6

' This is a work of value to those who use steam machinery. . . . Should be read by every
one who has a steam engine, on a farm or elsewhere.”—Mark Lane Express,

STEAM ENGINEERING IN THEORY AND PRACTICE.
By GArDNER D. Hiscox, M.E. With Chapters on Electrical Engineering.
By Newton Harrison, E.E., Author of * Electric Wiring, Diagrams, and
Switchboards.” 450 pages. Over 400 Detailed Engravings. et 12/8
HISTORICAL ~STEAM AND ITS PROPERTIES—APPLIANCES FOR THE GENERATION
OF STEAM-TYPES OF BOILERS—CHIMNEY AND ITS WORK—HEAT ECONOMY OF THE
FEED WATER—STEAM PUMPS AND THEIR WORK~INCRUSTATION AND ITS WORK—
STEAM ABOVE ATMOSPHERIC PRESSURE—FLOW OF STEAM FROM NOZZLES~SUPER-
HEATED STEAM AND ITS WORK—ADIABATIC EXPANSION OF STEAM~INDICATOR AND
ITS WORK—STEAM ENGINE PROPORTIONS—SLIDE VALVE ENGINES AND VALVE MOTION
—CORLISS ENGINE AND 1TS VALVE GEAR—COMPOUND ENGINE AND ITS THEORY—
TRIPLE AND MULTIPLE EXPANSION ENGINE—~STEAM TURBINE — REFRIGERATIUN—
ELEVATORS AND THEIR MANAGEMENT—COST OF POWER—STEAM ENGINE TROUBLES
~ELECTRIC POWER AND ELBCTRIC PLANTS.

STEAM TURBINES. See MARINE STEAM TURBINE,

STONE BLASTING AND QUARRYING. For Building and
other Purposes. With Remarks on the Blowing up of Bridges. By Gen.
Sir J. BureoYNE, K.C.B. Crown 8vo,cloth. , ., . .

STONE-WORKING MACHINERY. A Manual dealing with
the Rapid and Economical Conversion of Stone. With Hints on the Arrange-
ment and Management of Stone Works. By M. Powis BaLg, M.Inst.C.E.
Crown 8vo,cloth . . ., . . . . . . .

* Should be in the hands of every mason or student of stonework.”"~Colliery Guardian.

STRAINS, HANDY BOOK FOR THE CALCULATION OF.
In Girders and Similar Structures and their Strength. Consisting of Formulae
and Cormspondin%l Diagrams, with numerous details for Practical Applica
tion, &c. By WiLLiaM Humser, A. M.Inst.C.E., &c. Sixth Edition.
Crown 8vo, with nearly 100 Woodcuts and 3 Plates, cloth . . . (-1

** We heartily commend this really Aandy book to our engi and \ ders.”=

English Mechanic,

STRAINS ON STRUCTURES OF IRONWORK. With

Practical Remarks on Iron Construction. By F. W. SkeiLps, M.Inst.C.E.
8vo, cloth . .. . . .. e e e . 8/0

SUBMARINE TELEGRAPHS. Their History, Construction,
and Working. Founded in on WUNSCHENDORFF'S * Traité de Télé-
g?phie Sous-Marine,” and mpiled from Authoritative and Exclusive

urces. Bg CHARLES BriguT, F.R.S.E., A.M.Inst.C.E., M.I.Mech.E.,
M.LE.E. Super royal 8vo, nearly 8oo pages, fully Illustrated, inciuding

a large number of Maps and Folding Plates, strongly bound in cloth
Ne: £3 8s.

““Mr, Bright's interestingly written and admirably illustrated book will meet with a welcome

reception from cable men."—ZElectrician,
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SURVEYING, LAND AND ENGINEERING.  For Students
axi Pmcieai Tse. By T. Bamxe, C.E. Twendeth Edition, by F. E.
Prew, AM o T E Wik Flaces and Diagams.  Crown 8vo, cloth

Addicions. Large cowa Svo, cdoth e s s s

* This beok mmst of valne  the stadest. We have hesitation
-I._Jﬁ:tr-_“aﬂn.dm‘—&“‘alwwl

SURVEYING, PRACTICAL. A Text-book for Students Pre
gﬁn’h Examinations or_for Survey Work in the Colonies. By GEORGE
- Usi, AM.Inst CE. Eighth Edirion, thoroughly Revised and Enlarged
by ALxx. BEazzLEY, M.Inst CE. With 4 Lithographic Plates and 360
Jilustrations. Large crown 8vo, 7/6 cloth; or, on thin paper, leather, gilt
edges, rounded corners, for pocketuse . . . . . . . 12/6
ORDINARY SURVEYING—SURVEYING INSTRUMENTS—TRIGONOMBTRY REQUIRED IN
SURVEYING —CHAIN SURVEYING — THEODOLITRE SURVEYING — TRAVERSING — TOWN-
SURVEYING — LEVELLING — CONTOURING — SETTING OUT CURVES—OFFICE_WORK-—
L QUANTTTIES — COLONIAL LICENSING REGULATIONS—HYPSOMETER TABLES—
INTRODUCTION TO TABLES OF NATURAL SINES, &C.—~NATURAL SINES AND CO-SINES
—NATURAL TANGENTS AND CO-TANGENTS—NATURAL SECANTS AND CO-SECANTS.

¢+ The first book which should be put in the handsof a pupil of civil engincering." =4 rchited.

SURVEYING TRIGONOMETRICAL. An outline of the
Method of Conducting a Trigonometrical Survey. For the Formation of
Geographical Topographical Mais and Plans, Military Reconnaissance,
Levelling, &c., with Useful Problems, Formuls, and Tables, By

Lieut.-General Fromg, R.E. Fourth Edition, Revised and partly Re-written

by Major-General Sir CHaRLEs WARREN, G.C.M.G., R.E.” With g Plates

and 115 Woodcuts, royal 8vo,cloth .~ . . . . . . 16/0

SURVEYING WITH THE TACH EOMETER. A Practical
Manual for the use of Civil and Military Engineersand Surveyors, includiog
two serles of Tables specially computed for the Reduction of Readings
fn S imal and in imal D By Nei Kennepy, M.Inst.C.E,
With Diagrams and Plates. Second Edition.” Demy 8vo, cloth ~ Nez 10/6

W The work la very clearly written, and should remove all difficulties inthe way of any surveyo?

rapid instrument."—Naswre.

\vatrons of making use of this usetul and
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SURVEY PRACTICE. For Reference in Surveying, Levelling,
and Setting.out ; and in Route Surveys of Travellers by Land and Sea. With
Tables, Illustrations, and Records. By L. D'A. Jackson, A.M.Inst.C.E.
Second Edition. 8vo, cloth . . e e . . 12/8

SURVEYOR’S FIELD BOOK FOR ENGINEERS AND
MINING SURVEYORS. Consisting of a Series of Tables, with Rules,
of Sy , and use of Theodolite for Traverse Surveyms
1ottmg the work with minute accuracy by means of Straight Edge and Set
gguare only ; Levelling with the Theodolite, Setting-out Curves with and
without the Theodolite, Earthwork Tables, &. By W. Davis HasgoLr,
SEb 'Wlth numerous Woodcuts. Flfth Edmon, Enlarged Crovm1 5"3
ot. . . . . . . . . .

TECHNICAL TERMS. ENGLISH-FRENCH, FRENCH-
ENGLISH : A Pocket Glossary; with Tables bl for the Archi
tural Engmecnng, Manufacturing, and Nautical Professions. By Jonwn
::ahns FLercuEr. Fourth Edition, 200 pp. Waistcoat- pocket size, lﬁxg
eather e e e e e e e e e .

TECHNICAL TERMS, ENGLISH-GERMAN, GERMAN-
ENGLISH. A Pocket Glossary suitable for the Engineering, Manufacturmg,
and Mining Industries. Compiled by J. G. HorNer, A M.L.Mech.E,, In
collaboration with ALFRED ScHLoMANN, Editor of “ Tllustrated Technical
Dictionaries in Six Languages.” Waistcoat-pocket size.

[ In preparation. Price about 2/8 net.

TECHNICAL TERMS, ENGLISH-SPANISH, SPANISH-
ENGLISH : A Pocket Glossary suitable for the E .ng Manufac.

turing and Mmmg Industries. By R. D. MONTEVERDE, B (Madnd)

316 pp. Waistcoat-pocket size, limp leather . . « . Net 2/8

TELEPHONES : THBIR CONSTRUCTION, INS‘I‘ALLATION.
WIRING, OPERATIO AND MAINTENANCE Practical
Reference Book and Gunde for Electricians, eremen, Engineers,
Contractors, Architects, and others interested in Standard Telephone Practice.

H. RapcrLiFre and H. C. CusHING, JR. 180 pages. With 12
Iilustrations, F’ cap 8vo, cloth . e e . . e Net 4/&

TELEPHONES: FIELD TELEPHONES FOR ARMY USE:
INCLUDING AN ELEMENTARY COURSE IN ELECTRICITY
AND MAGNETISM. By Lieut. E. J. STEVENS, D.O., R.A,,AM.LLE.E.,
Instructor in Electricity, Ordnance Col Iege, Woolwich. = Crown 8vo, cloth.
With Illustrations . . . . . . . . . XNet 2/0

BATTERIES — ELECTRICAL CIRCUITS — MAGNETISM — INDUCTION — MICROPHONES

AND &l:.gglv\%RS—PORTABLE AND FIELD TELEPHONE SETS—SELF-INDUCTION, INDUCTIVE

TELEPHONY. See WIRELESS TELEPHONY and WIRELESS

TELEGRAPHY.

THREE-PHASE TRANSMISSION. See ELECTRICAL TRANS-

MISSION OF ENERGY.

TOOLS FOR ENGINEERS AND WOODWORKERS. In-

cluding Modern Instruments of Measurement. By Josepn HORNER,
A.M.Inst.M.E., Author of “Pattern Making,"” &c. Demy 8vo, wnth 456
Illustrations . . . . et 9/0
GENERAL SURVEY OF Toox.s TOOL Ancuas CHISEL Gnour—cmser.s AND
APPLIED FORMS FOR WOODWORKERS—P LANES — HAND CHISELS AND APPLIED FORMS
FOR METAL WORKING—CHISEL-LIKE TOOLS FOR METAL TURNING, PLANING, &c.—SHEAR-
ING ACTION AND SHEARING TOOLS. EXAMPLES OF SCRAPING TOOLS, TOOLS—RELATING
TO CHISELS AND SCRAPES—SAWS—FILES—MILLING CUTTERS—BORING TOOLS FOR WOOD
AND METAL — TAPS AND DIES, PERCUSSIVE AND MOULDING TOOLS — P UNCHES,
_}ruu.mgzs AND CAULKING TOOLS—MOULDING AND MODELLING TOOLS—MISCELLANEOUS
00LS,
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TOOTHED GEARING. A Practical Handbook for Offices
By J. H , AM.I.M.E. Second Edition, with a New
Chapter on Reoent Practice. With 184 Illustrations. Crown 8vo, cloth 6/0

TRAMWAYS THEIR CONSTRUCTION AND WORKING.
History of the System; with an exhaustive
Ann.lysu of the Various Modes of Traction, including Horse Power, Steam
Cable Traction, Electric Traction, &c.; a Description of the Varieties of
Rolling Stock; and ample Details of Cost and Working Expenses. New
Edition, Thoroughly Revised, md Including the Progress recently made in
Tramway Construction, &c. By D. KINNEAR Cuxx, M.Inst.C.E. With
400 Illustrations. 8vo, 780 pp., buckram . . . . . 28/0

TRUSSES OF WOOD AND IRON. Practical Applications
of Science in Determining the Stresses, Breakmg Wei, &hu, Safe Loads,
Scnntlm&l and Details of Construction. With Complete otklng Dravmgs.

RIFFITHS, Surveyor. Oblong 8vo, cloth 4/6

*This handy littlé book enters so mlnutely into every detall connu:tod vlth tho con.
struction of roof trusses that no need be of these - | Engincey.

TUNNELLING. A Practical Treatise. By CHARLEs szum,
C.E. With additions by CuuLu S. l{u.x., C. E Wuh 150 Duﬁnms
Illustrations. Royal 8vo, cl . . 18/0

TUNNELLING, PRACTICAL. Explaining in detail the Setting-
out the otkl, Shaft-sinking, and Heading-driving, Ranging the Lines and
I.gvelhui unde: nd, Sub- Exavnun Timbering and the Construction of

the Brickwork of Tunnels. y F. W. mus, M.Inst.C.E. Fourth Edition,
Revised and Further Extended mcludull(z the most recent (:3‘95) Exnmples of
Sub-aqueous and other Tunnels, by D. KiNNEAR CLARK, M With

34 Folding Plates, Imperial 8vo,cloth . . ., . 82 2.
TUNNEL SHAFTS. A Pracucal and Theoretical Essay on the
construction of large Tunnel Shafu. J. H. WaTson Buck, M.Inst.C.E.,
esident Engineer, L. and N. W, lth Folding Plates, 8vo, cloth 12/0

“ Will be regarded byclvﬂ engineers nof the utmost value and calculated to save much
time and obviate many mistakes. "—Colliery Guardian.

WAGES TABLES. At 54, 52, 50, and 48 Hours per Week.
Showing the Amounts of Wages fcom One quarter of an hour to Sixty-four
hours, in each case at Rates of Wages advancing by One Shilling from 4s.

g.; per week. By THos. Gn-u‘rr. Accountant. Square crown 8vo,
I:tlt5 und . . . . . . . . . . . 8/0

WATER ENGINEERING. A Practical Treatise on the
, Storage, C , and Utilization of Water for the Supply

of Towns, for Mill Pmr, and for other Purposes. By CHARLES SracGe,
A.M.Inst.C.E. Second Edition. Crown 8vo, cloth . . . . 78

WATER, FLOW OF. A New Theory of the Motion of Water
under Pressure and in Open Conduits and its Practical Application. By
Louis ScHMEER, Civil and Irrigation Engineer. 234 pages, with Illustra-
tions. Medium 8vo, cloth . . o« [Just published. Net 12|68

WATER, POWER OF. As AEphed to Drive Flour Mills and
to give motion to Turbines and other Hydrostatic Engines. By Joserm
GLYNN, F.R.S., &c. New Edition. Illustrated. Crown 8vo, cloth 2/Q
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WATER SUPPLY OF CITIES AND TOWNS. By Wir-
vLiam Homeer, A.M.Inst.C.E., and M.Inst.M.E., Author of ‘ Cast and
Wrought Iron Bridge Construction,” &c., &c. Illustrated with VI Double
Plates, 1 Single Plate, Coloured F: ronusplece. and upwards of 250 Woodcuts,
and containing 400 pp. of Text. lmp 4to, elegantly and substanually
half-bound in morocco . . . . . . . t 26 Bs.

LIST OF CONTENTS :—I. HISTORICAL SKBTCH OF SOME OF THR IIIANS THAT HAVEB
BEEN ADOPTED FOR THE SUPPLY OF WATER TO CITIES AND TOWNS.—II. WATER AND
THE FOREBIGN MATTER USUALLY ASSOCIATED WITH IT.~IIl. RAINFALL AND EVAPORA-
TION.—IV. SPRINGS AND THE WATER-BEARING FORMATIONS OF VARIOUS DISTRICTS.
«V. MEASUREMENT AND ESTIMATION OF THE FLOW OF WATER.—VI1. ON THE SELECTION
OF THE SOURCE OF SUPPLY.—VII. WELLS.—~VIIl. RESERVOIRS.—IX. THE PURIFICATION

AND ECONOMY OF WATER-WORKS.—X CONSTANT AND INTERMITTENT SUPPLY.—
XVII. DESCRIPTION OF ?LATBS—APPBNDIC!S. GIVING TABLES OF RATES OF SUPPLY,
VELOCITIES, . TOGETHER WITH SPECIFICATIONS OF SEVERAL WORKS ILLUS-
TRATED, AIONG WH!CH WILL BE FOUND: ABERDEEN, BIDEFORD, CANTERBURY,

DUNDER, HALIFAX, LAMBETH, ROTHERHAM, DUBLIN, AND OTHERS.,

* The most systematic and valuable work upon water supply hitherto produced in Bnglhh.or
n any other hngzp Mr. Humber's wo‘::uk
u:ndv-nnml, duncdnuchhdeammmo(Enzlhhuchmulm'

WATER SUPPLY OF TOWNS AND THE CONSTRUC-
TION OF WATER-WORKS. A Practical Treatise for the Use of
Engineers and Students of Engineering. By W. K. BurToN, A. M.Inst.C.E.,
Consulting Engineer to the Tokyo Water-works. Third Edition, Revised.
Edited by ALran GREeNwELL, F.G.S., A.M.Inst.C.E., with numerous
Plates and Illustrations. Super-royal lvo,bucknm Y . . 25/0

1. INTRODUCTORY. — II. DIFFERENT QUALITIES OF WATER. — III. QUANTITY OF
WATER TO BR PROVIDED.—IV. ON ASCERTAINING WHETHER A PROPOSED SOURCE OF
surn.v IS SUFFICIENT.—V. ON ESTIMATING THE STORAGE CAPACITY REQUIRED

T0 BR PROVIDED.—VI. CLASSIFICATION OF WATER-WORKS.—VII. IMPOUNDING RESER-
VOIRS,~VIII. EARTHWORK DAMS.—IX. MASONRY DAMS.—X. THE PURIFICATION OF
WATER.—XI. SETTLING RESERVOIRS.—XII. SAND FILTRATION.—XIII, PURIFICATION

G
RESERVOIRS.—XVI. PUMPING MACHINERY.—XVII. FLOW OF WATER IN CONDUITS=—
PIPRS AND OPEN CHANNELS.—XVIII. DISTRIBUTION SYSTEMS.—XIX. SPECIAL PRO-
VISIONS FOR THE EXTINCTION OF FIRES.—XX. PIPES FOR WATER-WORKS.—XXI. PRE-
VENTION OF WASTE OF WATER.—XXII. VARIOUS APPLIANCES USED IN CONNECTION
WITH WATER-WORKS.

APPENDIX I. By PROF. JOHN MILNE, F.R.S.—~CONSIDERATIONS CONCERNING THR
PROBABLE EFFECTS OF EARTHQUAKES ON WATER-WORKS, AND THE SPRCIAL PRR-
CAUTIONS TO BE TAKEN IN EARTHQUAKE COUNTRIES.

APPENDIX II. By JOHN DE RIJKE, C.E.—ON SAND DUNES AND DUNR SANDS AS
A SOURCE OF WATER SUPPLY.

"Wecougmuhuthaluthotn practical commonsense shown in the preparation of
this work. Thephmmdmum ovldmuybe-nw-pu.dvlmmmmd
cannot fail to boolgruxmmtomcnudm."

WATER SUPPLY, RURAL. A Practical Handbook on the
Supply of Water and Construction of Waterworks for small Country Districts.

By ALLAN GREENwWELL, A.M.Inst.C.E., and W. T. Curry, A.M.Inst.C.E.,

F G.S. With Illustrations. Second Edmon, Revised. Crown 8vo, cloth 5/0

The volume 'pon d with water supply,
1tis full of details on points which mcoudmul!ybe wates-works engineers.” —Naswr e,

WELLS AND WELL-SINKING. By J. G. SwinDELL,
Al}tlhl .B.A., and G. R. BurnzrLL, C.E. Revised Edition. Crown ;73
cgloth . « +« « « « ¢« . ...
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WIRELESS TELEGRAPHY: ITS THEORY AND PRAC-
TICE. A Handbook for the use of Electrical, Engineers, Students, and
Operators. By JAMEs ERSKINE-Murray, D.Sc., Fellow of the Royal
Society of Edinburgh, Member of the Institution of Electrical Engineers,
Second Edition, Revised and Enlarged. 388 pages, with 182 Dia; and
Illustrations. Demy 8vo, cloth . . . o ﬁmo/e

ADAPTATIONS OF THE ELECTRIC CURRENT TO TELEGRAPHY—EARLIER ATTEMPTS
AT WIRELESS TELEGRAPHY—APPARATUS USED IN THE PRODUCTION OF HIGH FRE-
QUENCY CURRENTS—DETECTION OF SHORT-LIVED CURRENTS OF HIGH FREQUENCY BY
MEANS OF IMPERFECT ELECTRICAL CONTACTS—DETECTION OF OSCILLATORY CURRENTS
OF HIGH FREQUENCY BY THEIR EFFECTS ON MAGNETISED IRON—THERMOMETRIC DE-
TECTORS OF OSCILLATORY CURRENTS OF HIGH FREQUENCY—ELECTROLYTIC DETECTORS
—THE MARCONI SYSTEM—THE LODGE-MUIRHEAD SYSTEM—THR FESSENDEN SYSTEM—
THR HOZIER-BROWN SYSTEM—WIRELESS TELEGRAPHY IN ALASKA—THE DE FOREST
SYSTEM—THR POULSEN SYSTEM—THE TELEFUNKEN SYSTEM—DIRECTED SYSTEMS—
SOME POINTS IN THE THEORY OF JIGS AND JIGGERS—ON THEORIES OF TRANSMISSION—
WORLD-WAVE TELEGRAPHY—ADjUSTMENTS, ELECTRICAL MEASUREMENTS AND FAULT
TESTING—ON THE CALCULATION OF A SYNTONIC WIRELESS TELEGRAPH STATION—
TABLBS AND NOTES—RADIOTELEGRAPHIC CONVENTION SERVICE INSTRUCTIONS.

. . . . A serious and itori ibution to the li on this subject, The
Author brings to bear not onlg great ical k ledge, gained by experi in the operati
of wireless telegraph stations, but also a very sound know'iedge of the principles and phenomena of
physical science.  His work is thoroughly scientific in its treatment, shows much originality
throughout, and merits the close attention of all students of the subject,”—Esngrncering.

WIRELESS TELEPHONES, AND HOW THEY WORK.
By JaMes ErskiNe Murray, D.Sc.,, F.R.S.E.,, M.LE.E., Lecturer on
Wireless Telegraphy and Teleghony at the Northampton Institute,
London; Fellow of the Physical Society of London; Author of * Wireless
Telegraphy,” and Translator of Herr RUHMER's * Wireless Telephany.”
76 pages, with Illustrations and two Plates, Crown 8vo, cloth

Just published. Net 1/6
HOW WE HEAR—HISTORICAL—THE CONVERSION OF SOUND INTO ELECTRIC WAVES

—WIRELESS TRANSMISSION—THE PRODUCTION OF ALTERNATING CURRENTS OF HIGH

FREQUENCY—HOW THE ELECTRIC WAVES ARE RADIATED AND RECEIVED—THE RECEIV

ING INSTRUMENTS—DETECTORS—ACHIEVEMENTS AND EXPECTATIONS—GLOSSARY OF

TECHNICAL WORDS—INDEX,

WIRELESS TELEPHONY IN THEORY AND PRACTICE.
By ErNsT RUHMER. Translated from the German by J. ERSKINE-MURRAY,
D.Sc., M.LLE.E., &c. Author of “A Handbook of Wireless Telegraphy.”
With an Appendix on Recent Advances by the Translator, and numerous
Illustrations. Demy 8vo,cloth . . . . . . . Net10/6

“ A very full descriptive of the experi 1 work which has been carried out on
Wireless Teleﬁgony is to be found in Professor Ruhmer’s book. . . . The volume is profusely
illustrated b

th Fhotozraphs and drawm?, and should prove a useful reference Work for
those directly or indirectly interested in the subject.”—Nature.

“The e:ré)lanatlons and discussions are all clear and simple, and the whole volume isa very
readable record of important and interesting work."—ZEngineering.,

WORKSHOP PRACTICE. As apglied to Marine, Land, and
Locomotive Engines, Floating Docks, Dredging Machines, Bridges, Ship
bluilging, &c. By J. G. WinToN. Fourth Edition, Illustrated. Crown 37%.
cloth . . . . . . . . . . . . . .

WORKS’ MANAGER’S HANDBOOK, Comprising Modern
Rules, Tables, and Data. For Engineers, Millwrights, and Boiler Makers;
Tool Makers, Machinists, and Metal Workers ; Iron and Brass Founders, &c.
By W. S. HuT7oN, Civil and Mechanical Engineer, Author of *‘The Practical
Engineer's Handbook.” Seventh Edition, carefully Revised, and Enlarged.
Medium 8vo, stronglybound . . . . . . . . 18/0
STATIONARY AND LOCOMOTIVE STRAM-ENGINES, GAS PRODUCERS, GAS-ENGINES,
OIL-ENGINES, &C.— HYDRAULIC MEMORANDA: PIPES, PUMPS, WATER-POWER, &C.—
MILLWORK: SHAFTING, GEARING, PULLEYS, &C.—STEAM BOILERS, SAFETY VALVES,
FACTORY CHIMNEYS, &C.—HEAT, WARMING, AND VENTILATION—MELTING, CUTTING,
AND FINISHING METALS—ALLOYS AND CASTING—WHEEL-CUTTING, SCREW-CUTTING,
&C.—STRENGTH AND WEIGHT OF MATERIALS—WORKSHOP DATA, &C.
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PUBLICATIONS OF THE ENGINEERING
STANDARDS COMMITTEE.

ESSRS. CROSBY LOCKWOOD and SON, having been appointed
OFFICIAL PUBLISHERS to the ENGINEERING STANDARDS
COMMITTEE, beg to invite attention to the List given below of

- the Publications alrw.dy issued by the Committee, and will be prepared to
supply copies thereof and of all Subsequent Publications as issued.

THE ENGINEERING STANDARDS COMMITTEE is the outcome of a
Committee appointed by the Institution of Civil Engineers at the instance
of Sir John Wolfe Barry, K.C.B., to inquire into the advisability of
Standardising Rolled Iron and Steel Sections.

The Committee as now constituted is supported by the Institution of
Civil Engineers, the Institution of Mechanical Engineers, the Institution
of Naval Architects, the Iron and Steel Institute, and the Institution of
Electrical Engineers; and the value and importance of its labours—not
only to the Engineering ﬁrofessxon but to the country at large—has heen
emphatically recognised by His Majesty's Government, who have made a

iberal grant from the Pubhc Funds by way of contribution to the financial
resources of the Committee,
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