


THE

MECHANICAL ENGINEERING
OF COLLIERIES.

By T. CAMPBELL FUTERS.

VOL. |I.
1. Boring. 3. Surface Arrangements.
2. Shaft S'lnking. 4. Shafts and Headgears.
LONDON :

THE CHICHESTER PRESS
(Proprietors, The Colliery Guardian Company Limited)
30 & 31, FurNivAL STREET, HoLBORN, E.C.
1905.

(AU rights of publication or translation are reserved.)







i€8976 s
NOV 15 1912 oo™

LG

DAL

THE MECHANICAL ENGINEERING
OF COLLIERIES.

’

2



PUBLISHERS' NOTE.

The late Mr. C. M. PERCY’S work on ‘' The Mechanical
Engineering of Collieries first appeared serially in the columns
of the Colliery Guardian, and was afterwards published by the
Colliery Guardian Co. Ltd., in book form. It passed through
several editions, and is now being replaced by a modern and
complete work on the same subject, now appearing each week
in the columns of the Colliery Guardian. The present volume

forms Part 1. of the series.



INTRODUCTION.

lT seems remarkable that though the difficulties encountered with the unwatering

of mines stimulated the invention of the steam engine, and further
difficulties experienced in the haulage of coal brought about the invention—or
rather the development—of the locomotive ; yet whilst other branches of
engineering rapidly developed—notably the marine engine—the mechanical
engineering of collieries remained neglected. With the development, however, of
the steam engine, and the consequent greater demand for coal, attention was forced
to the improvement of colliery machinery, and about the time the late Mr. C. M.
Percy first published his articles on “ The Mechanical Engineering of Collieries ”
in the columns of The Colliery Guurdian, improvements began to be cffected.
Larger shafts were being sunk, better and more economical engines, larger cages
with two and three decks were being adopted; but the old arrangements of
banking-out, end-on kick-ups, and fixed-bar screens, entailing considerable hand
labour, with very inefficient means of cleaning and sorting the coal, still continued
in use. Later, with increased competition, further improvements began to take
place, and within the last twenty years practically the whole of the banking-out
and screening and sorting arrangements have undergone considerable change, until
at the present time the mechanical arrangements of a large up-to-date colliery are
examples of high engineering skill and ingenuity ; and it is due to these improve-
ments that the large outputs of coal now so common at individual collieries, and
which a few years ago would have seemed impossible, and the handling, cleaning
and sorting of these outputs has been made possible.

Not only have improvements been effected in the arrangements for dealing
with the coal, but more care and attention have been given to the selection and
class of the machinery employed. The old egg-end boiler is now principally seen
doing duty as a water tank, the high-pressure Lancashire, or water-tube boiler
taking its place for generating steam. Shafts appear to be still increasing in
diameter, und are being sunk with power-driven machine drills, winding eugines
fitted with expensive valve gears to economise steam, and capable of dealing
rapidly with heavy loads, large cages, banking-out arrangements to save time due
to changing decks of cages, automatic tipplers, creepers, shaking and revolving
screens and travelling belts for cleaning the coal are now a eine qud non. Various
arrangements have been brought out for the prevention of overwinding, but do not
seem to have met with much favour. Electric lighting is now usual, and electricity



as a means of transmitting power is becoming extensively adopted, and vieing in
this respect with compressed air. Mechanical coal-cutting is also now beyond the
experimental stage, and growing in importance.

Considerable improvements have also been made in coking and washing plant,
the old beehive oven is disappearing, and a vast amount of capital is being laid out
in erecting new batteries of coke ovens, which not only yield valuable by-products
but better coke, and the waste gases generate sufficient steam to supply the whole
of the power required at the colliery, and one enterprising firm propose further to
utilise the waste heat to transmit electric power to neighbouring towns. There are
no doubt many instances where this would be done with profit to both the owner
of the coke ovens and the consumer of the energy.

The mechanical engineering of collieries, then, is of growing importance, and
much still remains to be done. The question of winding from great depths remains
to be satisfactorily solved ; and the utilisation of slack and waste from collieries
might receive with advantage more attention, and in this respect the question of
generating electricity at coalpit centres is important. No quite satisfactory
appliances have ever yet been invented to prevent the cage falling in the case of a
broken rope, and the sad accidents due to this cause are to be regretted; though
when we consider the vast number of men who descend and ascend daily into and
out of mines, it speaks volumes for the careful and efficient supervision and atten-
tion to winding ropes and arrangements, especially in our own country, where
safety appliances are practically unheard of.

With the growth of the mechanical appliances in and about a mine and with
the introduction of electricity, the responsibilities of the colliery manager have
increased, and a colliery manager, instead of being merely a mining engineer, must
now be a competent mechanical and electrical engineer, and hence the training of
colliery managers has given rise to much discussion. Whether it is wise to expect
a colliery manager to have that knowledge and experience in mechanical and
electrical engineering—each in themselves separate professions, requiring years of
training—and at the same time to be an expert mining engineer, capable of directing
the operations of working and winning large areas of coal, with all its attendant
difficulties and dangers, requiring by Act of Parliament an apprenticeship or
training of not less than ftive years, is & question to be decided. Abroad, it is
said, the colliery manager is more highly scientifically trained, but it is also said he
is not such a good “ pitman.” It is to be hoped, therefore, that with the development
of the mechanical and electrical engineering of collieries, in our own country at
least, the colliery manager will not neglect that first and necessary qualification, to
be—what he has hitherto been—a mining engineer par excellence.
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CHAPTER 1.

BORING.

IN proving ground by boring, one of the following methods is adopted :—

1. By the diamond drill.

2. By rope boring.

3. By hand boring.
The first two are the systems usually adopted by contractors, (1) being used when
an accurate knowledge of the underlying strata is required, (2) being usually
adopted for artesian well boring when the anticipated depth of the hole is great,
whilst the third is used for small holes of comparatively shallow depth, and a
complement of hand-boring tools usually forms part of a colliery equipment.

The diamond drill consists of a hollow tool set with diamonds which form the
cutting edges, and drills an annular hole, leaving a core in the centre of the tool
which is brought to the surface, and thus gives an accurate section of the strata
passed through. Fig. 1 is a diagrammatic view of the arrangement. The drill is
usually worked by a steam engine, and a stream of water is forced down the
interior of the rods by means of a small force pump, which keeps the tool cool and
washes away the débris, part of which settles in the sediment tube, and is
examined each time the tool is withdrawn ; the arrows show the direction of the
water, and the swivel shown is that used in the Beaumont machine.

In America diamond boring has almost become a fine art, and figs. 2, 3, and
4 show three views of a power-driven machine with hydraulic feed and swivel
head—an excellent arrangement which enables the rods to be withdrawn without
moving the machine—as manufactured by the American Diamond Rock Drill Com-
pany. Fig. 5 shows another machine, by the same firm, fitted with oscillating
engines and hydraulic feed; and fig. 6 shows a machine with a single-cylinder
hydraulic feed, and arranged to slide back when withdrawing rods, as supplied by
Messrs. Fraser and Chalmers. Figs. 7 and 8 show two views of a power-driven
machine for underground purposes, which is arranged with the swivel head and
differential screw feed, by the American Diamond Rock Drill Company, and figs. 9
and 10 show two views of their hand-power drill, whilst figs. 11 and 12
show two views of Messrs. Fraser and Chalmers’ electrically-driven drill,

and figs. 13 and 14 show two hand-power drills by the same firm. The hand-
B
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power drills appear to be exceedingly handy tools, especially for underground
purposes, and the small machine shown in figs. 9 and 10 will bore a hole from 350
to 400 feet in depth, 1% in. in diameter, and weighs complete as set up only 200 Ib.,
the heaviest single piece only weighing 25 1b. It will also bore a hole at any angle.
The swivel head is, as shown in the illustrations, arranged to bore a vertical hole,
but it may be swivelled to be at any angle, and instead of having to move the
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F16. 2—AMERICAN DIAMOND BORING MACHINE.

Fia. 1. - D1AMOND DRILL.
Diagrammatic View.

machine back in order to withdraw the rods, it is only necessary to open the hinged
swivel head and turn it back out of the way.

The hydraulic feed is interesting. and tig. 15 is a_sectional view of the
arrangement fitted to diamond drilling machines supplied by Messrs. Fraser and
Chalmers. A is the hydraulic cylinder, with its piston B attached to the piston
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rod C. Connection to the force pump is made at the tee piece D, and the escape at
E, the water being conducted through brass tubes F and ports cast in the cylinder
covers, and controlled by means of the valves 1,2,8,and 4. When 1 and 3 are
open and 2 and 4 closed, water is pumped in above the piston, and escapes from
below it, and the piston moves downward; when 2 and 4 are open and 1 and 3
closed the piston moves upward. To the upper end cf the piston rod is screwed
the thrust plate G, attached to another thrust plate H by three studs, and between

F1a. 3.—AMERICAN D1AMOND BORING MACHINE.

F16. 4.—PROSPECTING DRILL.

these are two sets of ball bearings, one on each side of the collar I on the drive rod
J. This collar transmits the vertical motion of the piston to the drilling bit ; for as
the piston and rod descend they carry the two thrust plates G and H and the two
roller bearings with the collar I between them, which is screwed fast to the rod J
and rotates with it, the rod béing driven through mitre gearing K. By admitting
water under pressure, therefore, either to the top or bottom of the piston, the

pressure on the tool may be increased or decreased as required, and the tool may be
B2



Fi1g. 6.—DIAMOND BORING MACHINE WITH
SINGLE-CYLINDER HYDRAULIC FEED.

F16. 5,—PROSPECTING DRILL, FITTED WITH
OscILLATING ENGINES AND HyDRrAULIC FEED.

Fic. 7. F1a. 8.
POWER-DRIVEN BORING MACHINE FOR Fi1a. 9.—HAND-POWER DRILL IN PosITION
UNDERGROUND PURPOSES. FOR VERTICAL BoORING.
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fed forward quite independent of the driving mechanism with any degree of
regularity. The hollow drill rods P pass up through the drive rod J, and are held
fast by the chuck L, and when the piston reaches the bottom of the cylinder, which
is the limit of the feed, the chuck is released, the piston raised and a fresh grip is
taken. Pressure gauges are fitted to indicate what amount of pressure is upon the
tool.

The American Diamond Boring Company use two cylinders, one on each side

F16. 10.—HAND-POWER DRILL IN POSITION
FOR BORING AT -AN ANGLE.

Fi16. 11.—ELECTRICALLY-DRIVEN DRILL.
Front View.

of the rod. As shown in fig. 16, C is the bevel driving gear attached to end of
engine shaft. The bevel-and-sleeve gear B carries a feather engaging with a
longitudinal keyway cut the whole length of the spindle A, so that the spindle,
while revolved by the gear B, is free to pass upward and downward through it.
The lower bearing of the spindle is a plain sleeve, also allowing free passage of the
spindle up and down. D D are the hydraulic cylinders, and E E the hydraulic
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pistons. The piston rods of these pistons pass through stuffing-boxes at top of
cylinders and connect with the hydraulic crosshead F. The spindle A is free to
revolve in this crosshead, but is forced up or down by it, according to the pressure
on the hydraulic pistons E E. The friction due to the upward or downward thrust
is minimised by the roller bearings H H ; while the hydraulic cylinders are piped
up in such manner that there is no difference in pressure between the two, the pull
on the two sides of the crosshead being therefore equalised. A crosshead guide G is

F16. 12.—ELECTRICALLY-DRIVEN DRILL.
Back View. F16. 13.—HAND-POWER DRILL.

provided. This guide has a dovetail groove in which travels a dovetail projection
extending from rear of crosshead F.

Turning now to the system of piping connecting the hydraulic cylinders, J is
the supply valve which makes connection with a water hose running from the
pressure pump. From J the piping runs to the intake of the four-way valve K,
a check valve being also inserted between J and K to guard against back flow of
water from any cause. The upper arm of the four-way valve (controlling valve)
K is piped to the upper ends of the hydraulic cylinders, as shown, and the lower
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arm of valve K to the lower ends of cylinders. The fourth arm, or discharge, is
piped to the escape valve N, a drip cock being inserted in the piping between the
valve K and the escape valve N. The controlling lever M governs the amount of
water passing through K and also decides its direction, whether to the upper ends
of cylinders or to the lower ends. P is the hydraulic pressure gauge, to measure
the pressure applied to the pistons; R the drill-rod chuck with jaws and set-screws

:
» o=

HYDRAULIC FEED ARRANGEMENT.
(Fraser and Chalmers).

F16 14.—HAND-POWER DRILL.

to grip the drill rods, which are passed through the hollow spindle, and S the hinged
swivel head, which can be swivelled to bore holes at any angle, and which swings
the whole feed out of the way when hoisting and lowering rods.

With the hydraulic feed, the pressure on the bit is determined by the water
pressure in the hydraulic cylinders. without regard to the rate of revolution of the
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spindle, and the amount of this pressure is always under the complete and
instantaneous control of the operator. The contrclling key of the system is the
four-way valve K, with its lever M. (1.) With lever M turned down into the
lower quadrant, the flow of water is from pressure pump valve J to K, through
lower arm of K to lower ends of cylinders D D, and from upper ends of cylinders

Fi1a. 16.

Fia. 17.

A.—S8pindle.

B.—Bevel-and-8leeve Gear.

C.—Bevel Gear (Driving Gear).
D.D.—Hydraulic Cylinders.
E.E.—Hydraulic Pistons.

F.—Hydraulic Cross-head.

G.—Quide for Hydraulic Cross-head.
H.H.—Roller Bearings.

J.—8upply Valve.

K.—Four-way Valve (Controlling Valve.)
M.—Controlling Lever(of Four-wayValve.)
N.—Escape Valve and Drip-cock.
P.—Pressure Gauge.

R.—Drill Rod Chuck. .

8.—Hinged 8wivel Head.

DIFFERENTIAL OR SCREW FEED.

a.—8pindle or Rorew Shaft.
bb.—Bevel-and-8leeve Geu

f.—Friction N ut.
* H} Feed Gears.

e Bt e Coll
HYDRAULIC FEED ARRANGEMENT, " _Ball Beasing —© o

. . . —Drill-rod Chuck.
(American Diamond Boring Co.) : —Hinged Swiv:‘l: Hoad.

D D to upper arm of K, thence through escape valve N or its drip cock, either to
waste or to suction supply of pump. (2.) With lever M in horizontal position, flow
of water is shut off. The same is true of the vertical positions. (3.) With lever
M in upper quadrant, flow of water is as before from pump through valve J to K,
then through upper of K to upper ends of cylinders D D, and from lower ends of
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cylinders to lower arm of K, thence through escape valve N, or its drip cock, as
before. ’

It will thus be seen that the varying positions of the lever M govern not only
the rate of feed (by controlling the pressure), but also provide for an instantaneous
method of reversal, when spindle is to be run up for a fresh grip on the rods. The
45 deg. position in either quadrant gives a full opening.

The cylinders are always kept practically full of water on both sides of the
piston when in operation. When feeding forward in actual boring, with pressure
on upper sides of piston, the water from lower sides of pistons is allowed to escape
in a small jet through the drip cock situated between outlet of K and escape valve
N, valve N being closed. Where a quicker and more free escape is desired (asin
running back quickly after a run forward) valve N is opened instead of the drip
cock. Valve N could in the same way be used for the escape when running forward,
but the drip cock is used for this purpose as a rule when boring, as the rate of flow
desired for the escape is, in this case, comparatively small, and it is desirable to
have the escape jet always under the operator’s eye. A drip hose is connected to
valve N to lead off the escape water, and the drip cock, by means of a swall funnel
and elbow, can be discharged into the same hose.

In addition to the advantage of perfect and instantaneous control afforded the
operator, the hydraulic feed is also semi-automatic, the rate of progression varying
under the same pressure according to the hardness of the rock. Also the indications
of the pressure gauge, taken in connection with the rate of penetration of the drill,
afford the operator a valuable means of judging of the quality of the material the
bit is boring through, thus enabling him to vary his pressure to suit the material,
and always maintain the highest speed consistent with safety. The water being
allowed to escape only in proportion as the pistons advance, there is always a
perfect buffer under the pistons should the drill run into soft spots or crevices, and
it will also be apparent that in very deep borings, where the weight of rods alone
may be greater than the desired pressure on the bit, the feed can be used as a
counterbalance, pressure enough being maintained on the lower sides of the pistons
to relieve part of the weight.

The friction feed is also most interesting, and the arrangement is clearly
shown, as applied to the American Diamond Rock Drill Company’s machines, in
fig. 17. This, which is more suitable for the smaller machines, consists of a system
of differential gearing driven by friction, the amount of which is controlled by
compressing a spring, or other means.

As is shown in fig. 17, ¢ is the bevel driving gear attached to end of engine
shaft. The bevel-and-sleeve gear bb is a double gear, feathered to a longitudinal
keyway cut the whole length of the spindle a, and having its upper gear meshing
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with the driving gear c, and its lower (spur) gear meshing with the gear d at the
lower end of countershaft. This countershaft gear d is a frictional gear, coned on
the inside, and tightened to the countershaft e by means of a coned ring and the
friction nut f. Of the feed gears g G and % H, only one pair is driving at any one
time. When the feed-gear key m is pulled up as shown in cut, the gear g is keyed
to countershaft, and the gear h runs idle. When m is pushed down to the lowest

SPINDLE LEFT 2 =
HAND THREAD

BEVILAND A

— SLEEVE GEAKR $

nagE@innvassEmaNn '\b
-~

POWER DRIVEN DRILL,

=] SPINDLE RIGHT e
=] HAND THREAD.
8 G LS 4_;,/ 1% o b
BEvVIL AND W (s
SLEEVE GEAR ;/
FEED NuUT =
d EID.D b 27
= //
S 7
22
iLL. ///’:// 2
HAND POWER DR v
F16.17Ao.—SHOWING DIFFERENCE BETWEEN 7 =
HaND AND PowER DRIVEN DRILLS. Z=Z

F1G. 18.—GENERAL ARRANGEMENT OF A
PLANT FOR DIAMOND DRILL.

position, gear k is keyed to countershaft and gear g runs idle. 'When m is in mid
position, both g and & run idle. The gears G and H are keyed to the feed nut n =,
this feed nut being threaded through its whole length with a thread engaging with
that cut on the spindle; p is & ball or roller thrust bearing, to take the upward
thrust of the rods when boring, r the drill-rod chuck, with jaws and set-screws to
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grip the drill rods, which are passed through the hollow spindle, and 8 the hinged
swivel head, which can be swivelled to bore holes at any angle, and which swing

the whole feed out of the way in order to clear the hole when hoisting and
lowering rods.

The operation of the ditferential feed is based on the difference in rate of
revolution of the spindle « and the feed nut n n, and can be best explained by
taking a specific instance. On the No. 10 drill, fig. 17, the thread of spindle ¢ and
of the feed nut » » is a left-hand thread of four threads to the inch. The lower
(spur) gear of the sleeve gear b b has twenty-four teeth, and the countershaft gear
d twenty-five teeth. The thread on the spindle being left-handed, and the spindle,
when boring, being turned in a right-hand direction, the feed nut, in order to
accomplish a forward feed of the spindle, must turn slightly faster than the
spindle. Considering, now, the gears g G as being in train, g being keyed to the
countershaft by key m, and G being keyed to the feed nut n m, the rate of feed
forward of the spindle will depend upon the relative number of teeth in g and G.

If # = number of revolutions of spindle required to feed spindle forward 1 in.,
a = number of threads per inch (left-hand) on spindle and feed nut,
b = number of teeth on lower (spur) gear of sleeve gear,
d = number of teeth on countershaft gear d,

g = ” ” 8‘3&1' 9
G= » ” gear G,
the general formula is- —
a
xr =
b5 _
dG
which for the specific case above resolves itself into
e=_4
24 ¢ 1
25 G
With g having 26 teeth and G 24 teeth, z = 100,
»w § 38 » G366 , z= 300,
w 9 i 22 ' G21 ,, z= 700,
w 9 o 23 " G22 ,, =z=1,100,

and so on through a wide range of feeds, in each case z meaning the number of
revolutions of spindle required to speed spindle forward 1 inch.

Of course in the above formula A and H may be substituted for g and G. Thus
in the arrangement shown, if g has thirty-eight teeth, G thirty-six teeth, while &
has twenty-two teeth, and H twenty-one teeth, the drill will feed forward 1 in. per
300 revolutions when feed key m engages with gear g, and 1 in. per 700 revolutions
when feed key m engages with gear h. The feed gears in any case can be propor-
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tioned to fit the rock likely to be encountered, and extra sets for various rates of
feed are provided, which can in a very few moments be placed upon the drill in
exchange for the first sets, if these prove either too fast or too slow.

To run the spindle back for a new run after it has been fed forward its full
length. the friction nut f is loosened, allowing the countershaft gear d to run loose.
Then holding the countershaft e from revolving, either by inserting a pin in the
hole provided for that purpose, or by a hand-hole on the top of the feed key m, the
spindle is revolved by means of the engine in the same direction (right-handed) as
when boring. The meshing of the feed gears will then prevent the feed nut n n
from revolving, and the thread on spindle and feed nut being left-handed, the
spindle will run back through the feed nut at a rate proportioned to the full pitch
of the screw. Another way of running back is, without loosening the friction nut,
to place the feed key in in the mid position, allowing both g and % gears to run
loose. This permits the feed nut nn to lag to an extent determined by friction,

-or it may be held from revolving by a spanner-wrench grip on G or H.

It should be noted that the friction connection between gear d and the counter-
shaft makes this feed a combination of a friction and a positive feed, as it allows
of a slipping should any sudden and unusual assistance be encountered, thus
furnishing an element of safety and insurance against damage of drill points in
uneven ground.

In the hand drill, however, the arrangement is slightly different, the bevel
wheel being above the feed nut, the difference being shown in fig. 174, the feed
gear G being in this case on the bevel-and-sleeve gear, and the thread on spindle
right hand. With this arrangement the spindle must revolve faster than the feed

nut, and the formula becomes : —

a
_dG
1— by

xr =

Or with the hand drill if :—
a = spindle thread = 6 threads per inch, right hand,
b = number of teeth on gear of feed nut = 24,
d = number of teeth on lower gear of countershaft = 25,
z = number of teeth on right hand, number of revolutions required to feed forward 1 in.

Then— 6
1 — . 25 G
249
If g = 30, and G = 27, x = 96 (called 100 feed),
If g = 34, and G = 32, z = 306 (called 300 foed), and so on.
To run back the spindle on the hand drill, the key which attaches the bevel-

and-sleeve gear to the keyway of spindle is pulled out, thus allowing the gear to
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revolve about the spindle. The cranks are revolved in the same direction as when
boring, and the spindle is held in such a manner as to prevent it from revolving.
By means of G, g, d, b, the feed nut will then revolve in a right-handed direction,
and the spindle being prevented from revolving will run rapidly back through the
feed nut.

Fig. 18 shows a general arrangement of the plant for a diamond rock drill,
showing portable boiler, steam pump and derrick, or shear legs
for withdrawing the rods.

In putting down boreholes it is often necessary to put in
a length of tube to prevent the loose and soft strata at the
top from filling up the hole, and fig. 19 shows a section of a
borehole which shows the large top tube fitted at the bottom
with a driving shoe O, which enables the tube to be driven
through soft measures, and in order to do this the top of the
tube is supplied with a head screwed into the pipe and upon
which the blows are delivered. This tube must of course be
large enough to admit smaller tubes to be put in later if they
become necessary, such a one M being shown in the figure;
P is the hollow bore rod; W, core grip; X, tool; U, core
barrel ; and V, the shell containing the core grip. The arrows
show the direction of the water.

With rope boring rigid rods are dispensed with, and a
tool is suspended from a rope, which may be quickly raised
and lowered, thus saving the time expended in screwing and
unscrewing the bore rods.

Messrs. Mather and Platt have been very successful in
putting down large and deep holes with their system, and
fig. 20 shows a general view of their flat-rope boring
machine, in which the tool is seen suspended from the end of
the rope, and the sludge pump is seen on the right suspended
from the bracket at the top of the frame. The special feature
is the boring tool, which was introduced and patented Fre. 19—
by Messrs. Mather and Platt in 1855, and is shown in fig. 21. SECTION OF A
From this it will be seen the tool consists of a heavy wrought BOREHOLE.
iron bar, to the bottom of which is tixed a steel block carrying inserted chisels or
cutters, readily removable for sharpening. Above this block are secured two
guide blocks, which keep the tool vertical, and above the upper guide block
is the device for automatically rotating the cutters. Two collars are fixed to
the bar, in which are cut deep ratchet teeth set exactly in line, and between
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F1a. 20—FLAT RoPE BORING MACHINE,
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F1a. 22.—RouND RoPE BORING MACHINE.

F1a6. 21.—BoriNGg TooL.
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these collars is the sliding bush secured to the rope by a stirrup, and which
has corresponding ratchet teeth facing the teeth on the collars, but instead of
being in line are set in the top face, half a tooth in advance of the lower face.
When the tool is raised by the rope the top set of teeth are engaged, but
when the boring bar falls and strikes a blow, the lifting bush and rope still
descending, discngages from the top set of teeth and engages with the
bottom set, recciving in consequence a twist of half a tooth. On the bar being
again raised, the bush disengages with the bottom set, and engages with the
top set, and in doing so again receives a twist of half a tooth. At every blow,
therefore, the tool is automatically turned round a distance equal to the
pitch of the teeth. The percussive action to the tool is given by the small
steam cylinder between the two uprights, rapidly raising and lowering the
pulley, the rope being clamped on the drum side. The débris is raised by the
sludge pump.

Latterly Messrs. Mather and Platt have introduced a round-rope boring
machine, which is shown in tig. 22 This consists of a timber derrick, about 60 ft.
in height, supporting guide pulleys at the top, and at one side is arranged a
winding drum and at the other a walking beam, actuated by a connecting rod and
crank driven by a large belt pulley from a steam engine, shown on the left of the
view. One end of the walking beam is connected by a round rope to a boring bar
of great length und weight, the other end of the rope being coiled on the winding
drum, which is fitted with a brake. The crank arm working the walking beam
has several holes for the reception of the pin to permit several lengths of stroke.
The bars hang at some distance from the bottom of the hole, varying from 6 in. to
3 ft., according to the length and consequent stretch of the rope, and the elasticity
of the rope permits of a rapid rate of working. When motion is given to the
walking beam, the boring tool rises and falls with a periodic motion, and the
suspended weight stretches the rope until the cutters strike the bottom, when the
whole rapidly rebounds. The bar is rotated by the borer twisting the rope at
the surface, and at the same time gradually feeds out the rope as the hole deepens,
by means of a long screw and nut. The boring tool is withdrawn by the winding
drum and engine. The débris is brought to the surface, as in the flat-rope system,
by means of a sludge pump, this being raised and lowered by a winding drum
shown on the left of the view.

As an example of successful boring by this system, Messrs. Mather and Platt
put down two boreholes in Cheshire, each 33 in. in diameter at the top and 15} in.
in diameter at the bottom, the decper hole being 903 ft. in depth, and the time
occupied for the whole boring from start to finish being only 110 working days,
the average rate of boring being at the rate of 8-2 ft. per day.
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Hand boring, however, is the system most generally employed for ordinary
colliery purposes, the arrangement being simple and the tools easily kept in repair
by the colliery mechanics, and though slower, and does not give such good results
as the diamond drill, for the reasons above stated it will likely continue to be the
system generally adopted. There is no difficulty with hand boring up to 100
fathoms, and up to this depth will also probably compare very favourably in point
of 