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MINE HAULAGE.

HAULAGE SYSTEMS.

INTRODUCTION.

+ 2298. Underground haulage, whether done by wire rope
or otherwise, is always carried on in two distinct stages.
The first or local haulage is done by drawing the cars from
the working face to a gathering-up or central station, from
which the general haulage begins. From the latter station
the loaded cars are hauled in trains to the bottom of the shaft
or slope, or out of the drift, as the case may be. To secure
economy and despatch, it is necessary that the local haulage
be made as short as possible, as this work is generally done
by mules, and is more costly than mechanical haulage. For
the same reason, the general or mechanical haulage is made
as long as possible.

2299. This section deals principally with wire-rope
haulage. There are four classes of wire-rope haulage which
will constitute the principal divisions of the discussion.
They are :

1. Gravity-planes;

2. Engine-planes;

3. Tail-rope systems;

4. Endless-rope systems.

GRAVITY-PLANES.

CONDITIONS REQUIRED FOR SUCCESSFUL OPERATION.

2300. This system of haulage is done by gravitation,
and, as far as the motive power is concerned, it might be
supposed that it is cheap and economical, but such a con-
clusion is not always the correct one, for very important
reasons, which should be known.

§ 22
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A prominent railway company for some years did its coal
haulage on the surface by a series of gravity-planes or self-
acting inclines. In course of time, it was found that the
work between the terminals could be more cheaply done on
a properly graded road by steam-locomotive haulage than by
gravitation. The reason for this was that many of the in-
cline roads were short, and the number of persons employed
on each short incline made in the aggregate a great number;
the repeated stoppages for detaching one set of ropes and
attaching another entailed a considerable waste of time, and
it was found impossible to keep all the inclines running in
such accord that the train from one would arrive in time to
follow that of another. The result was that the quantity of
coal hauled per day was relatively small, being only about
one-fourth of what could be hauled by steam-locomotive
haulage. It was also found that the cost of ropes, rollers,
and the services of the men employed far more than counter-
balanced the cost of fuel and other expenses incidental to
locomotive haulage. These same conditions occur in the
mine, and in the same way the limitations of a costless power
sometimes cause stoppages that reduce the output to such
an extent that either direct steam-power or transmitted
power is found to be better and cheaper. There are con-
ditions under which gravity-planes are cheap and effective,
but these are seldom found in the principal or primary haul-
age, excepting when the self-acting incline haulage is done
with an endless rope.

2301. The haulage on self-acting inclines where the
pitch is heavy is done with a pair of ropes and a pair of
drums, by which arrangement the trains can be kept under
perfect control with the brake, as no slipping of the rope on
the drums can occur. Where the pitch is light, a single
rope is used, in which case the rope is given one turn
upon the head-wheel. This is found to be quite sufficient,
for under such conditions it is not necessary for the brake
to be so tightly applied as to cause the one coil of rope
to slip. '
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2302. Until quite recently, the only self-acting inclines
in use were those just noticed, but now self-acting inclines
with endless ropes are fast displacing them. Each of the
two rope systems is subject to very sharply defined limits,
because the rope reaching to the bottom of the incline soon
weighs as much as the descending coal, and then the gravity
of the coal ceases to supply the required motive power.

2303. For example, if on an incline with 4 per cent.
grade, the rope reaching to the foot weighs 2,000 1b., a
loaded car 4,000 lb., and an empty car 1,500 lb., the loaded
car will not exert force enough to pull the empty car up, for
the following reasons :

First, the friction, which amounts to about J; of the load,
must be considered; second, the fact that the descending
car balances the ascending car must be borne in mind; there-
fore, the force is exerted only by the coal in the loaded car.

The resistance offered by the rope is caused by (a) its
weight, and (4) the friction due to its weight. To move the
rope up the incline regardless of friction requires 2,000 X .04,
or801b. To this must be added the friction, which amounts
2,000

40 °
the rope equal to 80 4 50 = 130 Ib.

Now, the force required to move the rope must all come
from the weight of the coal in thc loaded car. On a 4 per
cent. incline the 2,500 1b. would exert a force parallel to the
incline equal to 4 per cent. of 2,500 1b., or 1001b. From this
must be subtracted the friction due to both the loaded and
- 4,000 4 1,500
empty cars, or ——— i ———
we can not subtract 137.5 from 100, and, therefore, it is evi-
dent that the loaded car is entirely too light to start the
empty car and rope from the bottom.

To make the matter more clear, let the grade be 6 per
cent., and the weights of rope, cars, and coal be the same as
in the previous example. Now, the force required to move

to or 50 1b., making the total force required to move

=137.51b. Now, we know that
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the rope will be equal to (2,000 X .06) 4 2,2)(())0
The pull exerted by the 2,500 lb. of coal will be 2,500 X
.06 = 150 Ib. The friction due to the coal and the two cars
4,000 4 1,500

0
from the 150 1b. to obtain the net force due to the weight of
the coal; thus, 150 — 137.5 = 12.51b. Since the coal in
one loaded car, under the conditions given, exerts a working
force of but 12.5 Ib., it is plain that it will be necessary to
run several cars in a trip to get force enough to overcome
the friction of the rope. As the force necessary to move

the rope is 170 Ib., it will require in each trip —l% = 13.6,

=1701b.

will be = 137.5 Ib. This must be subtracted

1
12.
or 14 cars.

2304. When gravity-planes are run with a pair of ropes,
the grade should increase as the length increases. This in-
crease, however, can not always be secured, because we
must take a grade as we find it. The length of an incline
may be increased until the number of cars in the train can
not lift the heavy rope. This conclusion is apparent when
it is understood that if the weight of the rope per foot
remains the same, and if the length of the incline is double,
the number of cars in a train must be doubled. This state-
ment, however, still falls short of the exact truth, for as the
number of cars in a train increases in number, the weight per
foot of the rope for such trains must also increase, and the
result is that gravity-planes exceeding half a mile in length
are seldom found, except where the pitch is 30° or more.

It is now clear that for an incline to be self-acting the use-
ful gravity force (or the force that remains after the friction
due to the weights of a double train of cars and the load in
one of them has been subtracted from the weight that
gravitates) must exceed the gravity weight of the rope and
the friction due to its weight.

2305. There are cases in the local or secondary haulage
of a mine where a gravity-plane is of great value. For
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instance, where the working face is advancing up grade,
self-acting inclines called ‘‘jigs” are adopted. These are
self-acting inclines in which a balance-weight is pulled up
by the descending full car, and the empty car in turn is
pulled up to the working face by the balance-weight, or jig-
weight, as it is generally called. Insome of these, the loaded
truck or jig runs on narrow-gauge rails between the rails of
the ordinary track, and in other cases the jig is made to run
on a track in a parallel opening. Short, self-acting inclines
are also used to advantage in running loaded cars from a
counter gangway to the main gangway, driven at a lower
level.

DESCRIPTION OF DETAILS.

2306. Fig. 811 shows an ordinary self-acting incline, or
one in which the weight of the coal in a loaded train acts
" as a motive force. At the head of the incline is seen the
drum, or reel A, around which the ropes wind. When a
single drum of this character is used, one of the ropes runs
off the top side, and the other runs off the bottom side
of the drum; a moment’s consideration will explain the
reason for this. If both ropes were on one side of the drum,
they would both run off or on together, but as they coil on
opposite sides of the drum, one runs on while the other
runs off.

2307. The incline shown in Fig. 811 is provided with
double tracks, to allow the empty trains to pass each other
without danger of colliding. Between the rails are seen the
rope-rollers 7, /, used to prevent the ropes trailing on the
ground. Trains on a self-acting incline begin to accelerate
in speed at a point midway in the plane, and after the
loaded cars have reached the lower side, instead of the
weight of the rope reacting against the gravity force of
the coal, it now supplements that force, and the result is an
increased speed. Unless something is done té provide for
checking the acceleration of the cars, dangers of a manifold
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§o2 MINE HAULAGE. 1

character may occur. For this reason, a brake / is provided,
which is applied by an attendant at the drum. For running
the full cars onto the incline and the empty ones off of it,
proper branch tracks and switches are necessary. For ex-
ample, an automatic switch is placed at the head of the
double tracks in such a way that the loaded cars, on reach-
ing the top of the incline, may alternately take the tracks
Al and N. When the empty train /7 // reaches the head of
the incline passing out of the track 4V, it passes on to the
empty car line O; then two loaded cars passing out of L are
automatically switched onto &, for the empty cars, in pass-
ing out of .V, set the switch for the loaded cars to run onto .V,

2308. A vertical section of the incline is seen in the
lower portion of Fig. 811. The loaded cars are descending
at 7~ F, and the empty cars are ascending at // /. The
rope from the top of the reel is attached to the full cars /7, 7,
and the rope from the under side of the reel is attached to
the empty cars A, H; consequently, the drum, as seen in
the end view, is turning in the direction of the hands of a
watch; that is, running the rope off the top and running it
on at the bottom. The head-frame for carrying the drums
is such as may sometimes be seen on the surface, and also
in the mine. Grip-wheels and flect-wheels have in a great

many cases displaced the head-frame, but there are cases in
thick seams where it is still used with advantage.

2309. Fig. 812 shows an under level grip or fleet
wheel, situated under a surface structure. In principle it is
the same as the fixings of a grip-wheel under the level of the
tracks at the head of an incline in the mine, for there an un-
derground chamber is cut out for the location of the wheel,
as shown in Fig. 820. Fig. 812 also illustrates an arrange-
ment of the tracks differing from that shown in Fig. 811.
In this case a treble rail is continued to the parting, and
from the lower end of the parting to the foot of the incline.
In the majority of underground inclines, the arrangement

4)f the tracks is like that illustrated by Fig. 813. In thi57
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§ 22 MINE HAULAGE. 1

as in Fig. 812, the treble rails are continued to the part-
ings, but the parting tracks unite in a single one, which
is continued to the foot of the incline. These three fig-
ures bring before us in a strong light some of the practi-
cal difficulties that arise in making tracks for self-acting
inclines. In mines where the roof and floor are tender, it is
a costly and a difficult matter to keep the roads secure and
in good working order, and so much is this the case, that the
advantages of gravity-planes must often be disregarded
when the conditions will not permit the construction of
double tracks.

2310. Timbering should be avoided as much as possible
on a self-acting incline, because, in the event of a rope break-
ing and the cars running away and being derailed, the tim-
ber is knocked out and the roof is let down, with the result
that a stoppage of work occurs, and great expense is incurred
in repairing the road.

2311. Figs. 814, 815, 816, 817, and 818 show some special
appliances for self-acting inclines. For example, they show
the self-acting jig, in which the full cars ¢, C are hauling up
the balance-weight /. This consists of a cast-iron box run-
ning on wheels on a track of small gauge within the wider
gauge of the car-track. This may be clearly comprehended
by reference to Fig. 815, where the car is seen passing over
the balance-truck /. In Fig. 814 the loaded cars are shown
descending and the balance-truck ascending. To fully com-
prehend the principles of action involved inathis self-acting
jig, suppose that the cars have reached the foot of the incline.
The man at the top applies the brake; that is, he holds the
rope securely with the brake until the loaded cars are de-
tached and a fresh train of empty ones is attached. Then
he eases off the brake, and the balance-car is allowed to
descend and pull the empty train of cars to the top of the
incline. In this illustfation the grip-wheel is mounted on a
head-frame; but it often occurs in a mine that the grip-wheel
is fixed under the level of the road at the head of theincline.
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In Fig. 816 aside view of the balance-truck isseen at F, with
the drop-bar G attached to the rope; or, more correctly, the
rope is attached to the bell-crank lever at the back end of
the balance-car in such a way that when the weight of the
truck is hanging on the rope, the lever G is elevated, and in
the event of the rope breaking or the balance-truck becom-
ing detached, the lever G by its weight falls, digs into
the ground, and prevents the truck from running down the
plane.

2312. A frontand end view of a grip-wheel is given in
Figs. 817 and 818. In many cases a flect-wheel, or a wheel
with a slight conical tread, on which the coils of rope slightly
slip down towards the flange on the lower side, is used instead
of a grip-wheel. The grip-wheel, however, has a special
advantage which makes it an excellent substitute for a
double-rope rcel. In case one side of the rope breaks, the
grips on the tread of the wheel hold the other side of the rope
secure, for the rope is seized by the grips in which it lies.
As all the grips surrounding the wheel (as those shown at
B, C, B, C) act independently of each other, the rope is held
as securely as it would be by a reel on which was coiled
separate ropes. The grips, it will be.seen, are fixed on the
periphery of the wheel like so many teeth; one of them is
shown in transverse section at /3, C, Fig. 818.

B and C arecalled the jaws of the grip. The rope presses
in between them,and in doing so the jaws distend at the
bottom and close at the top until the rope is held as ina vise.
There are many varieties of jaw actions for grip-wheels,
but this is a truly representative one. For self-acting in-
clines in mines where the pitch of the road is comparatively
small and the length of the incline is short, hcad-wheels are
sometimes laid in a horizontal position, under the road, at the
head of the incline. In such a case,the diameter of the
wheel is made about equal to the distance from center to
center between the full and empty tracks. Such a wheel,
however, is seldom a grip-wheel, but the groove in which
the rope runs is made in the form of an acute angle, so that
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the rope fixes itself and grips on the sides of the two enclo-
sing flanges. The wheel carries on one of its sides a brake-
flange, so as to keep the

running cars under control.

Sometimes, however, where

the pitch is considerable,

separate reels, connected by

gear-wheels, as shown in

Fig. 819, areused to pro-

vide such a lead for the

ropes as will not tend to lift

the cars off the tracks in

coming onto and leaving

the top of theincline. When

they are set overhead, the

running-on and the run-

ning-off ropes both come

from the under sides of

the drums or reels. The

one-sided lead of the ropes F1G. 819.

is caused by the gear-wheels, for these make them turn
in opposite directions. These drums may be set under
the tracks at the head of the incline with great advan-
tage, if the pitch is considerable and the trains and ropes
are heavy. Such an arrangement prevents the excessive
bending of the ropes in passing over the head-sheaves; that
is, the ropes running off the topsof the reels when set under
the tracks make a smaller angle with the line of the haulage-
rope than when one of the ropes comes from the under side
of the drum. The advantage of these reels, then, may be
summarized as follows: When they are set above the tracks,
the lead of the ropes is never too high, and when they are
set under the tracks the lead of the ropes running on and off
the reels is never too low.

2313. The necessity of using deflecting sheaves is
plainly shown in Fig. 820. Here two deflecting sheaves
must be used, as shown at £ and £. The advantages of
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grooved sheaves, such as those at F, F, can not be doubted,
for by them the trains on steep inclines can be held as se-
curely with the brake as they can be with drums; however,
the damage to the ropes, in suddenly bending them round com-
paratively small deflecting sheaves, must not be overlooked.

2314. The grooved wheels seen at the lower portion of
the figure constitute a most ingenious device for holding
heavy trains on an incline. To understand, 4
however, the importance of the two grooved ”‘}{
wheels for holding or hauling, an explanation
of their construction and mode of action must
be made. By referring to Fig. 821, it will be
seen that the tread of the periphery of the
wheel is made semi-elliptical in section, and the
rope is made to run on at the high side of
the curve ». After a complete coil has been
made, the running-on coil and the coil on the
left of it begin to surge down onto a lesser
diameter; consequently, the coils are always
surging over towards s, or, as the rope runson, UT™y
it keeps gently surging or fleeting downwards % &
until it at last begins to jam on the other side of the curve,
as at o, the place at which the rope runs off. The disad-
vantages of the fleet-wheel are, that the surging is not con-

tinuous, but intermittent, and the rope jumps and thuds and
~ checks, thus causing considerable wear and tear. When
the rope runs on, it is arrested by the flange A4, and presses
and produces the surging or fleeting of the coil on the left
of it. 'Sometimes, however, the intermediate coil slips down
onto the middle of the tread, and then a longer interval
elapses before the coil 7 presses against the flange of the
wheel again, when another knock and surge takes place, and
so on, continuously. From this, it is clear that it is impos-
sible to run a rope into the grooves on a single wheel, for,
after two or three revolutions, the rope will roll up against
the flange and jam there, so that the adjacent coils can not
fleet or surge away, and the action of the wheel will be
arrested. . Two wheels, however, can be used so as to take
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the place of one, by taking semicircular coils round each of
them, or using the two wheels like belt-wheels. This con-
verts the coils that would otherwise envelop a single drum
into belts on two drums in such a way that, if we denote the
wheelsby 4, B, C,and 4, 5, C,, respectively, the rope passes
balf round -, and from A to .1,; then from A, to /3, and
after passing half round /5, to /3, and after passing round /5,
to C, and after moving half round C, to C,; finally, after pass-
ing half round C,, the rope proceeds onwards to the haulage.

2315. All that has been said so far relative to a
description of the grooved wheels and fleet-wheels of an
endless-rope haulage is important and worthy of attention,
but there are other things that should be known, and not
the least of these is the following: :

When ropes are coiled around surfaces of any kind, par-
ticularly around wheels, what is called the /Zold or grip of
the rope increases directly as the square of the number of
coils. If there are two coils on a flect-wheel, the grip or
hold of these two coils is 4 times that of one coil, and if
there are three coils, the grip is 9 times that of a single coil.
The same law holds true with the grooved wheels, for,
although there are two wheels, three half coils on cach wheel
are equal to three whole coils on one. Therefore, when the
double wheels arec connected by rope belts, as in this case,
the friction obeys the same law as that of complete coils,
and, consequently, the two wheels shown in Fig. 820, hav-
ing three grooves cach, secure a grip or haulage power of
9 times that of a single coil round one wheel.

2316. The mechanical appliances for the successful
working of self-acting inclines, such as recls, grip-wheels,
rollers, switches, brakes, etc., etc., are important from a
purely engineering point of view, and the best of these in
the market can be purchased of manufacturers who make a
specialty of them.  What isdirectly important to the mining
engineer, as distinguished from the mechanical engineer, is
the grading of the roads for self-acting inclines. It is true
that what is required to be done is of a comparatively
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elementary character, yet the principles involved must be
understood, to have their true value appreciated.

2317. In Fig. 822 (7') the broken line shows a uniform
grade whose angleis equal to B A4 C. Itispossible that this
uniform grade may be a complete failure, because the weight
of the descending coal may not be sufficient to lift the weight
of the long, heavy rope and overcome the friction due to the
drum, rollers, rope, and cars, and yet the same incline might

Fi1G. 822.

be made a complete success by so altering the grade as to
give it an increased fall at the top and a reduced fall at the
bottom. For example, by altering the uniform grade 4 7
to the varying grade A £ D B, the gravity power of
the coal is increased until the loaded train has reached
the point D and the empty train has reached the point £, at
which position they will have sufficient velocity or mo-
mentum to carry them to the point of parting. Then, as the
trains move on, the rope attached to the full cars will so
lengthen and the rope attached to the empty cars will so
shorten as to make the rope not only move by its own
counterpoise, but to make it also assist the gravity power of
the coal. Although the trains have acquired such a high
velocity as to run the empty cars from /) up to /7 and the
full cars from £ to A by their inertia, the velocity of
the empty train, on reaching £, and the velocity of the full
one, on reaching /1, is so low as to require no brake-power
to unduly strain the ropes. From thisit will be noticed that
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to make the grade of an incline successful where it other-
wise would fail, the inclination must be increased at the top
and reduced at the foot of the incline.

2318. In Fig. 822 (S) is shown a case where the fall
can not be increased immediately from the top, but the pitch
is sufficient to run the trains a considerable distance from
the foot of the incline & on a dead level. Very excellent
work may be done in this way. By lengthening the run,
the length and weight of the rope are correspondingly in-
creased. As the train leaves, the top, it is prevented from
being unduly accelerated at the first portion of the run; as
the empty train must run a considerable distance from /" to
G on a dead level, the momentum acquired becomes suffi-
cient torun the full train at the end of the run along the level
from G to F, and to run the empty train up to and over the
top AH. .

2319. The manifest drawback to the extension and
rapid action of self-acting inclines on small pitches is the
weight of the rope. If this factor could be eliminated, it is
easy to see that the incline could be prolonged indefinitely;
and it so happens that this can be done by applying the
principle of the endless-rope haulage. Inclined planes run
by an endless rope have been successful for very long dis-
tances on the surface, and in some cases in mines, but for
local or secondary haulage in certain places, jigging with a
balance-car will be found very effective.

2320. A description of the mechanical appliances
necessary in fitting up a sclf-acting incline is only important
to mining students in so far as their mode of action is con-
cerned.  The principles of their construction belong to the
mechanical engineer; therefore, it is only necessary that
somewhat brief attention should be drawn to them. Be-
ginning at the head of the incline, attention is first called to
brakes. These are somewhat varied in construction, but
the mode of action of allisalike. Thereare only two general
varieties; namely, simple brakes for inclines of small pitch, on
which the cars never attain a very high velocity, and brakes
for holding greater loads on greater pitches, where the cars
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attain high velocities. A brake of the former kind is shown
in Fig. 823. Its mode of action is that of a friction-block

such as is found on railway freight-cars. The blocks ¢, & are
attached to upright levers a and 4, and they are putinto action

by a series of levers and
rodse, g, &, 7, and £ The
lever by which the brake
is applied is seen at ¢ .
This example is fairly
representative of brakes
for grip-wheels mounted
on a standard frame. In
mines, however, the grip-
wheel is usually fixed
underneath the tracks.
Brakes of greater hold-
ing power are required
on inclines of high pitch,
and a representative one
is shown in Fig. 824.
The flange of the brake-

——

!
i

FI1G. 8A4.
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wheel is seen at ., and is surrounded with the brake-strap
which connects with the two short arms of the lever 5. A
brake of this kind is very powerful, and will hold securely a
very heavy train.

INCLINATION OF GRAVITY-PLANES.

2321. For gravity-planes to act with safety and econo-
my, the following three important points must be considered:

1. Where the pitch is considerable and the length is
short, only a minimum number of cars can be made to run
in a train, or otherwise a heavy and expensive ropc must
be used, and powerful friction-brakes are required to hold
the trains securely.

2. When the inclination is considerable, and the plane isa
long one, the trains must be made larger to lift the heavy
rope, whose increased weight is due to the relatively great
length of the plane. Under these circumstances, a powerful
brake is indispensable, because, after the loaded cars have
passed the parting, the weight of the ropes adds consider-
able to the gravity of the coal, and, as a result, a powerful
brake and a correspondingly heavy rope are required.

3. When the inclination of a gravity-planc is comparative-
ly small, long trains are imperatively necessary; and even
then it is necessary to provide, as has been previously shown,
an increased fall from the top of the incline and a reduced
grade at the foot of the incline, to run off the work with
sufficient velocity. .

2322. Gravity-planes have been sources of so much
trouble and disappointment to those c¢ngaged in making
them and using them, that it is necessary that the under-
lying principles should be understood to avoid such mistakes
as sometimes are made, in the absence of proper knowledge,
of how the earth’s attraction becomes the opcrative force on
self-acting inclines. This may be made very clear by a
plain statement of facts.

First, the motive force is generated by something falling,
and that something falling is the coal in the loaded cars.
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Second, the force must do work in overcoming two kinds of
resistances; namely, the friction common to the cars, rollers,
sheaves, ropes, and coal, and the lifting of the weight of the
rope attached to the empty cars at the commencement of
the run. The lift in the latter case increases with the length
of the plane, and, as has been shown, the rope may become
so heavy as to neutralize or counterpoise the weight of the
falling coal, and thereby render necessary long trains, or the
abandonment of the gravity-plane and the substitution of
power haulage.

2323. It is essential that some simple, yet important,
calculations should be made to determine when a gravity-
plane will be safe and successful in doing the local or general
haulage in a mine. The calculations referred to should en-
able the student to find two results: first, the minimum
number of cars in a train that will run with sufficient speed
to do the required work, and, sccond, the maximum length
and minimum pitch of a gravity-plane that will act cfficiently.

Before proceeding, however, with an explanation of the
methods of making the required calculations, it is necessary
that the student should understand how the mechanical
movements of the power and the work are related to each
other.

2324. To understand this matter, the following general
definitions are necessary:

1. The forces on inclines are inversely proportional to the
distances through whick they move for a given amount of
fall. For example, suppose a body has to move down an
incline through a distance of 100 feect to fall a vertical dis-
tance of 8 feet; then the force required to support this body
on the incline is only equal to eight one-hundredths of its
weight. If the body weighs 80 pounds, the force is {5y X
80 = 6.4 pounds.

2. The forces on inclines arc inversely proportional to the
lines along whick they act when those lines are parallcl to
the direction of the movementsof the balancing bodies. For
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example, in ., Fig. 825, the body or weight /. is moving
up or down the incline a #; therefore, the. force that
moves it is acting along the
line g/, which is parallel to
a b. Again, the balance-weight
IV is moving in a line 75, and
this is parallel to the vertical
line be. Since &c¢ is one-half
c of the length a b, if L weighs
(;\ 120 pounds, } must weigh 60

be .
pounds, because - = 4. This
[¢

V/

is true when the velocities of
bc and b a are equal, and when
the force moving L is parallel
to the direction in which L
moves, assuming that the bal-
ance-weight IF7 falls through a distance equal to that
through which the load Z moves along the incline.

Perhaps matters of this kind are better understood by
contrasts; therefore, suppose that the force moving the
weight L does not act along a line that is parallel to
the direction in which the load moves. In 5, Fig. 825,
the load is moving from & to ¢, and theforce is then acting
along the line #7. The force then acting along the line 7/
must be greater than the force acting along the line g/ in
the diagram A, because & f is shorter thand ¢, and we know
that the forces in this case are inversely proportional to the
lines along which they act. (See the /Juclincd Plane in
Mechanics.) Again, if the load L is in the position ., the
weight IV, if infinite, can not move the load higher up the
incline, because the force is acting through a cord whose
direction makes a right angle with the direction of the in-
cline. Therefore, an infinite force can not move the body,
because the reaction of the incline is as great as the action
of the force. It is thus seen that the forces on inclines
must be taken as acting parallel to the lines along which the
weights or forces act.

Fi1G. 825.
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3. If the wcights are equal, that is, if the weight moving
along a vertical line is equal to the one moving along an
incline, to balance each other, their velocities must be pro-
portional to the lines along which they move; that is, the
weight L, Fig. 825, I, will have to move from ¢ to 4 in
the same time that H” moves from & to ¢.

A careful study of these three definitions will remove all
perplexity concerning the balancing forces on an incline.

232K. Above all other considerations, there are two
that stand out in bold relief in relation to gravity-planes.
These are:

1. The inclination must be sufficient for trains of reason-
able size to run off the work.

2. There must be a sufficient number of cars in a train on
a given incline to overcome the weight of the rope on a
given length of plane.

2326. It is first necessary to show how to find the
number of carsin a train under the given conditions. To
make the reasoning clear, let the following letters represent
the given and required values:

IV, = the weight in pounds of the descending loaded car;
IV, = the weight in pounds of the ascending empty car;
W, = the weight of the hauling-rope in pounds;
= the percentage of the grade expressed decimally,
which is the same as the sine of the angle of in-
clination;
& = the coefficient of friction;
W = the required number of cars in a train.

The force required to overcome the resistance due to the
weight of the rope is equal to @ I,
The force required to overcome the resistance due to the

-

rope, rollers, and drums isequal to ZO‘—
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Denoting the total force required to overcome the weight
and friction of the rope by F,, we have

Fi=alV+ ’_4’3— (197.)

EXAMPLE.—A rope 2,000 feet long weighs 4,000 pounds, and the
inclination of the plane on which it is used is equal to a grade of 8 per
cent. What force is required to move the rope ?

SoLuTioN.—Applying formula 197, we have

Fi=alvy+ % = (08 x 4,000) + 200

420 pounds, the tractive force requlred.

2327. To find the available gravity force for overcom-
ing the required tractive force of the rope, observe that on
a self-acting incline, for every load of coal two cars are re-
quired, and as the cars and load can not move without being
subject to the resistance of friction, the following equation
expresses the amount of this resistance:

W+ W,
40

Again, as the cars balance each other on an incline,
nothing falls but the load, but all of the load is not available
for overcoming the tractive force required to move the rope,
for the friction due to the cars and the load must be sub-
tracted from the gravity force of the coal, in order to find
how much force each pair of cars can supply to move the
rope.

Denoting the total gravity force due to the coal by F,, we
have

Fo=a (W,— V). (198.)

Again, denoting the available gravity force due to the
coal by £, we have

F=a (W-—W)—(” + W). (199.)

ExAMPLE.—A gravity-plane has a grade of 8 per cent.; it is 2,000
feet in length, the rope attached to the empty cars at the foot of the
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incline weighs 4,000 pounds, a loaded car weighs 4,000 pounds, and an
empty one weighs 1,800 pounds. What is the number of cars that
must run in a train to overcome the resistance of the rope at the start
of the run ? '

SoLuTioN.—Applying formula 197, we have

F,:aW.+%=(.osx4.000)+

420 1b., the force required to move the rope.

4,000
40

Applying formula 199, we have

(W + W) _ (4,000 + 1,800) _
4 R 40 -
31 1b., the available gravity force due to one pair of cars.

F=a(W),—W,)— 08 (4,000 — 1,800)—
Therefore, the number of cars that must run in a train is equal to

%’)+[a(W.—IV,)—Ml) =20 15544,

(a Wi+
or, 14 cars in a train. Ans.

ExaMPLE.—The grade of an incline is 7 per cent., the length of the

incline is 2,000 feet, the weight of the rope is 4,000 pounds, the weight

of a full car is 4,000 pounds, and that of an empty one is 1,800.pounds.
How many cars must there be in a train for the plane to be self-acting ?

SoLuTioN.—Applying formula 197, we have

4,
Fa=aW+ Z’,’ =(.07x4.000)+—%°=
880 1b., the tractive force required for the rope.
Applying formula 199, we have
F=a(W,— W,)-ﬂ%i’):.o"/(«i,ooo —1,800)— W‘-——ig’—'&@=

9 1b., the available force of the load.
Therefore, the number of cars in a train will be equal to 2§% =42},
or 43 cars. Ans.

ExamMpLE.—The grade of an incline is 6.6 per cent., the length of
the road is 2,000 feet, the weight of the rope is 4,000 pounds, the
weight of a loaded car is 4,000 pounds, and that of an empty one is
1,800 pounds. How many cars must there be in a train for this incline
to be self-acting ?

SoLuTiON.—Applying formula 197, we have
F,=aW.+__=(.066x4.000)+%°=
864 lb., the tractive force required for the rope.
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Applying formula 199, we have
g
F=a(lW,— V) - ”V'—-—;;L) =066 X (4,000—1,800)— ‘_‘?ﬂw):

.2 1b., the available gravity force due to the load.
Therefore, the number of cars in a train is equal to gbf—_ 1,820

cars. Ans.

It is plain, however, that such a number could not be
riade to act in practice, for observe the absurdities involved
in a case like this. The plane is only 2,000 feet in length,
and if the cars were each 7 feet long, then the length of a
train of cars would be equal to 1,820 X 7 = 12,740 fect, or

12,740

a train would be Z000 = 6.37 times the length of the incline.
N

2328. The self-acting incline that must next engage
attention is the jig system. As has been shown, the jig or
balance-carriage runs on a narrow-gauge track within the
car-track, or it is made to run in a parallel opening. The
weight of the jig is equal to that of an empty car plus half
the weight of the coal a full car carries. The result is, that
when a loaded car descends the incline, only half the weight
of the coal it carries is available for gravity force, because
the other half of the weight of the coal does the gravity
work of raising the jig. The excess of weight in the jig
docs the work of raising the empty car.  As only one-half
of the weight of the coal does gravity work during the
descent of the coal, and the other half does work in the
hoisting of the jig, it is only on inclines of high pitch and
relatively short length that the jig system can be adopted.

ExampLE.—The grade for a jig incline is 20 per cent., and the length
of the road is 200 feet. The weight of the rope per foot of length is
1.2 pounds, the weight of a full car is 4,000 pounds, the weight of an
empty one is 1,800 pounds, and the weight of the jig is 2,900 pounds.
Prove that this jig incline can not be self-acting.

SoLuTioN.—Applying formula 197,

g O 0
a4 = 20 @00 x 1) 4 O XT2

the resistance to be overcome in moving the full length of the rope.

=h41lb.,
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Consider the conditions existing when the loaded car is at the top
and the jig is at the bottom of the plane. The jig can be considered
as an empty car weighing 2,900 Ib.; applying formula 199,

F=a(w,—wy) =P 904,000 — 2,000 - QX0 LE2H0)

47.5 1b., the available gravity force at the descent of the full car.

Therefore, the jig incline can not be self-acting, because there are
only 47.5 pounds of gravity force available to overcome a resistance of
54 pounds. .

One thing, however, can be done, and that is, a level run
of 30 feet can be made at the foot of the incline, which will
give the loaded car on the one hand and the jig on the
other sufficient force to overcome the initial and succeeding
resistance. For, at the start of the run, the jig or the
empty car does not offer any gravity resistance, since it is
on the level run. In consequence, the gravity force is in-
creased in the following large proportion: The weight of
the jig is 2,900 pounds; therefore, a force of .2 X 2,900 = 580
pounds is required, apart from the traction due to friction,
to move it up an incline having a 20 per cent. grade. Here,
then, can be seen the great advantage due to the right
method of making a level at the foot of an incline to neutral-
ize the resistance due to the weight of the rope at the be-
ginning of the plane. As stated before, the weight of a
jig is usually equal to the weight of the empty car plus one-
half the weight of the coal it can carry.

ExaMpPLE.—A self-acting jig incline is in all respects the same as the
last, excepting the grade, which is in this case one of 10 per cent.
Prove that it will be self-acting when a short level is provided for the
start of the jig or empty car before it begins its ascent.

SoLuTioN.—Applying formula 197,

F=aWy+ 172 = 1200 + 20 _ 301, =
r=ait gy = ta ==
the resistance to be overcome in moving the rope.

Applying formula 199,

F=a(wy— 1) — IV 14,000 — 2,900) (4'00":(’, 2.900)

110 — 172.5 = — 62.5 1b. = the available gravity force when the grade is
uniform to the bottom of the incline. This negative result shows that
the incline can not act. But if the jig commences its journey for the




28 MINE HAULAGE. § 22

ascent of the incline along a level, the resistance due to the ascent of
the jig is reduced by .1 X 2,900= 290 1b.; hence, (110 + 290) — 172.5 =
227.5 1b., and as the resistance of the rope due to gravity and friction
is only 80 1b., the self-acting jig incline will act most efficiently,
because, after allowance has been made for all resistances, there
remains an excess of force equal to 227.5 — 30 = 197.5 1b.

2329. The determination of the size of a rope for the
working of a self-acting incline is best done by first assu-
ming that a rope of a given size and weight will answer, and
then finding the tension due to the movement of therope. If
the tension found is too much for the rope, then a heavier
one must be assumed and tested.

ExanpPLE.—Required the tension in a rope under the following
conditions: A loaded car weighs 4,000 pounds, an empty one weighs
1,800 pounds, there are 10 cars in a train, the grade is one of 8 per
cent., the length of the incline is 1,900 feet, and the weight of the rope

per foot of length is 1.2 pounds. What is the tension in the rope at
the moment the loaded trip leaves the top of the incline ?

SoLuTioN.—Let 7" equal the tension in the rope. Then,

_Q0I17, + 1)
T=—"g

The weight of the rope is equal to }/7, = 1,900 X 1.2 = 2,280 pounds.

(10 X 1,800 + 2,280)
= 10

+ a0 1%+ 117).

Then, T +.08 (10 1,800+2,280)=2,120.41b. Ans.

As the working load of this plow-steel rope is 7 tons, it
appears to be too heavy, but really the jerking strains to
which such ropes are subjected render it necessary that the
rope should be 7times as strong asthe calculated quiet load.

AUTOMATIC SWITCHES.

2330. Every gravity-plane on which the descending
loaded cars raise the empty ones should be provided with
an automatic switch at the head of the plane. There are
two general types of switches for this purpose; both are
called automatic switches, although, strictly speaking, only
one is automatic, the other requiring the attention of the
runner. In Fig. 826 is shown an automatic switch consist-
ing of three tongues a, 4, and ¢, pivoted to the rails
as shown. To the tongue a is hung a weight @z, in
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consequence of which it is always kept closed; i. c., kept
against rail 4 With the tongues arranged as shown
in the figure, the loaded cars coming from track A force
open the tongue 4, as shown by the
dotted lines, and pass over the track
D, where they may be let down the
incline, the tongue being closed by
the weight @ after the cars pass over.
The cars coming up the slopc on
empty track C open the tongue ¢ and
close tongue 4, as shown by the dotted
lines. These tongues always remain
in the position placed by the last train
of empty cars run over them. On the
next trip, the loaded cars from track
A pass over to track C, where they
may again be let down the slope, and
the empty cars coming up the slope
on track Z move the tongues & and ¢
to their original position, and pass
on to track D. The above opera-
tion is then repeated, the loaded cars
taking alternately the tracks 5 and
C, and the empty ones always the
track D.

2331. In those gravity-planes in
which three rails are used from the
head of the slope to the parting,
and only two from the end of the
parting, an automatic switch must
BY be placed at the junction where
the two rails unite with the parting.

PIG. 826. In Fig. 827 is shown an automatic
switch, which may be used at such a place. Here two
timbers A and B, pointed at the ends and bound with iron,
are pivoted at C and D, respectively, in such a manner
that they may move freely over the tops of the rails.
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With the timbers in the position shown, the empty cars
coming along track £ will be pulled up the slope on
track /, while the descend-
ing loaded cars coming
down the slope on track G
will shift the timbers over
the rails to the position
shown in dotted lines, and
go along track £. At the
next trip the empty cars
coming along track £ will be pulled up the slope on track G,
while the descending loaded cars coming down the slope on
track / again shift the timbers to their original position.
The above operation is then repeated, the empty cars being
pulled alternately up the tracks /and G. Blocks of wood
or iron a, a, a are securely fastened to the ties, to prevent
the timbers from moving too far; the timbers being thus
blocked, serve for guide-rails, to guide the wheels of the cars
to their respective tracks.

SAFETY-BLOCKS.

2332. At the head of the slope near the brink on all
gravity-planes should be placed an arrangement called a
safety-block, for preventing the cars from descending the
plane before they are properly attached to the rope. There
are various forms of these blocks in use, differing in con-
struction of their details, but representing only one prin-
ciple in all; namely, that of providing an obstruction, either
over the rails or in the center of the track, to prevent the
cars from passing, and of removing this obstruction when
the cars are to be let down the slope.

2333. One of the best forms of safety-blocks is shown
in Fig. 828, in which A and B are two timbers pivoted at ¢
and D), respectively. The end of each timber is shaped as
shown, and iron-bound. Directly in the center between
these timbers is fastened an iron plate £ having a slot in it
through which the vertical part & of the rod G may be
moved back and forth. The timbers A4 and 5 are connected
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by two wrought-iron links /7 and /, which form a toggle-
joint, as shown. The ends of these links, meeting in the
center, are fastened to the end of the rod F projecting up
through the slot in the plate £. /, / are wrought-iron
levers placed on the outer sides of the track close to the
rails. These levers are pivoted at K, and are connected
together by a rod L, at the center of which the rod G is so
fastened that when either of the levers is moved the other
moves with it. The operation of this arrangement may be
explained thus: With the timbers in the position shown, a
train of loaded cars coming along track 47 takes track &,

F10. 828.

and goes along until the wheel on the inner rail of the front
car strikes the timber /3. After the rope has been attached
to the cars, the runner shifts either one of the levers / to
the position /', shown by the dotted lines. In doing this, the
rod G is pulled to the left, the vertical part F of it sliding
in the slot of the plate £ to the left also, which causes the
ends of the links /7 and 7 fastened to it to go with it, thereby
causing the blocks .4 and 5 to take the position shown by
the dotted lines. The tracks being thus freed, the cars may
be let down the slope. The .empty cars coming up the
plane on track O pass along until the first car reaches the
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lever / on the outside of this track, which is now in the posi-
tion /' shown by the dotted lines, and moves it to itsoriginal
position /, in passing to track M, thereby again placing thc
timbers 4 and B over the tracks. On the next trip, the
loaded cars coming along track M take track O, and are
prevented from descending the slope by the timbers being
placed over the inner rails by the last train of empty cars.
After the rope has been fastened, the timbers are again
moved to the dotted position by one of the levers /, and the
cars may then be let down the slope. The empty cars com-
ing up this time on track N pass along until the front car
reaches the lever / on the outside of this track, which is
again in the position /' shown by the dotted lines, and
moves it to its original position in passing to track 4/,
thereby again placing the timbers 4 and 53 over the tracks.
This operation is repeated every trip, the empty cars coming
up the plane and automatically placing the timbers over the
rails, to prevent the loaded ones from descending the plane.

2334. In Fig. 829 is shown another good form of a
safety-block, consisting of a heavy wrought-iron bar A
firmly keyed on a shaft 2, that is held in position by the
bearings C, C, which are bolted to suitable supports. The
top of the front end @ of the bar is inclined, as shown in
the figure, and is caused by the weight 1/ to project up in
the center of the track to such a height that it will strike
the axle of the cars, this height being governed by the tim-
ber /. Atone end of the shaft Bis keyed alever D (placed
at onc side of the track) by which the block is operated.
One of the blocks is placed in the center of each track.
With the tongues of the switch in the position shown, the
loaded cars coming along track % take track /, and run
along it until the front axle of the first car strikes the pro-
jecting part a of the bar A. After the rope has been
attached to the cars, the lever /) is pulled to the right,
which causes the projecting part a to swing down, when the
cars may be let down the slope. The projecting part a
should be held down until all the cars have passed over it:
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the lever D isthan released, and the part « is again brought
up to its proper height by the weight W. The train of
empty cars coming up the slope on track G finds the block
in the position shown, the axles forcing the projection @
down, which may be readily done, since it is inclined, and
the train passes over to track £. After the cars have
passed over it, the projection a is again brought up by the
weight 1 to its original position, as shown. On the next
trip, the loaded cars coming along track £ will run along
track G until the front axle of the first car strikes the pro-
jection a, and may then be lowered, after the ropes have

FIG. 629.

been fastened to them, by pulling the lever [ to the right,
and holding it until the last car has passed down the plane.
The empty cars this time, after coming up the plane on
track / and depressing the projection a as before, passalong
track £, after which the projection a is again brought to
its original position by the weight II" This operation is
then repeated, the loaded cars being let down the slope alter-
nately on each track by pulling either the lever D or ', and
the empty cars coming up the slope depressing the projec-
tion @. When this block is used, it is impossible for the cars
arriving at the head of the slope to run down the plane
against the will of the operator, since they are always in the
proper position to prevent the cars from passing.
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2335. In Fig. 830 is shown another safety-block which
may be used on gravity-planes where light loads are run.
This consists of two iron-bound timbers 1 and 5, pivoted at
C and D, respectively, in such a manner that the timber 4
can be swung over the top of the rail. One of these blocks
is used for each track. With the timbers in the position
shown, a loaded car coming along track /< will be prevented
from descending the plane. After the rope has been fast-
ened to the cars, the timber 5 is swung to one side, so as to
allow A4 to take the position shown by the dotted lines.
The empty cars coming up the plane on track / find the

11

M

timbers in the position shown on that track, and pass along,
after which the timber 41" is swung over the track, and is
locked by the timber 5, as shown by the dotted lines. On
the next trip the loaded cars coming along track /7 this time
find the track closed. After the rope has been fastened tothe
cars, the timber /' is swung over, and the cars are let down
the slope, the timber .I” being moved by the wheels to its
original position. The empty cars coming up the slope on
track £ find the timbers A4 and 7 in the position shown by
the dotted lines, and pass along, after which the timbers A
and /3 are again placed in their original position by the run-
ner. This operation is then repeated, locking and unlocking
the blocks on each track alternately.

2336. At the foot of the gravity-planes before de-
scribed there should be a slightly inclined surface for the
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reception of the cars after they have descended the plane,
the cars being prevented from running along the surface by
spragging the wheels. If they are to be run in a tipple,
the first car may be uncoupled and the sprags removed,
thereby letting the car run along the track by gravity to
the tipple. Instead of doing this, the safety-block shown
in Fig. 831 may be used, which is entirely similar to that

F1G. 831.

illustrated in Fig. 829, except that the short end of the lever
A is not inclined as shown in Fig. 829. With this arrange-
ment, after the cars have descended the plane and been
spragged, they are uncoupled and the sprags are removed,
thereby letting them run along the track by gravity until
the front axle of the first car strikes the projecting part of
the bar 4. When a car is to be run on the tipple, the lever
D is pulled to the right, thereby swinging the bar 4, the
projecting curved part clearing the axles, and the car passes.
After the rear axle has passed over the projecting part of the
bar A, the lever D is released, and the weight 117 falls down
and raises the projecting curved part to its original position
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before the axle of the next car strikes it. With this arrange-
ment, the cars can be allowed to run to the tipple as required,
it being very easy to handle, and simple in construction.

2337. As asafeguard against life and property, every
inclined plane should be provided with some kind of an
arrangement to prevent the cars from descending to the
bottom of the slope in case the rope breaks. The arrange-

F16. 832,

ments in general use for this purpose are very crude, either
stopping the cars coming down the slope, or switching them
off and throwing them from the track. In Fig. 832 is
shown an arrangement called a safety-lock used for stop-
ping the cars. This consists of two timbers .1 and /5 placed
on the outside of the track, having their front ends pointed
-and iron-bound, and pivoted at C and D), respectively, in
such a manner that the pointed ends may be swung over
the rails. At the front end of each timber is fastened a
chain £. This chain is also connected to one leg of the
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bell-crank F, to the other leg of which a weight I} is hung,
which causes each timber to always take the position shown
in the figure. To the other end of each timber are fastened
the chains G. Each end of these chains is connected to one
leg of the bell-crank /A, the chain which is fastened to the
timber B being led over the wheel 7, which is securely
fastened to the ties, and then led under the rails to the bell-
crank /4. Tothe other leg of the bell-crank // is connected
a wire /, which is led to the head of the slope, where it
may be pulled by the runner. The operation of this may
be explained thus: Upon the rope breaking and the cars
running down the slope, the runner at the head of the plane
pulls the wire /, which causes the bell-crank /7 toswing the
pointed ends of the timbers .4 and 7 over the rails into the
position shown by the dotted lines. The wheels of the cars,
upon reaching this point, strike the timbers, and a general
smash-up follows. It can well be supposed that this lock
must be repaired after each time it has been in use.

2338. An arrangement for switching the cars off the
track is shown in Fig. 833,in which two tongues 4 and B are
placed as shown and fastened to a
chain C, one end of which is con-
nected to one leg of the bell-crank D,
having a weight W hung to the
other leg, which causes the tongues
to always take the position shown.
The other end of the chain C is led
around the pulley £, which is fast-
ened to the cross-tie, and is at- =~
tached to a wire /" led to the head W {8
of the plane. This arrangement
admits of the empty cars being run
up the slope, since the wheels force
over the tongues A4 and B to the
position shown in dotted lines.
When the loaded cars come down
the slope, the tongues A and B FIG. 88
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must be pulled over by the wire / to the position shown by
the dotted lines, so that the cars may pass. In case the rope
breaks at any point above the switch, the wire / is not
pulled, since the tongues are always in position, or closed, so
that the runaway cars will be switched off to one side. This
arrangement possesses the property of always being set to
switch the runaway cars off the track; but this is done at
the expense of an extra amount of labor on the part of the
runner, as he must pull the wire 7, in order to open the
switch when the descending cars reach it, for, otherwise,
they would be switched to one side.

ENGINE-PLANES.

GENERAL DESCRIPTION.

2339. This is a system of haulage that is adopted on
inclined roads where the pitch is just sufficient to run the
trains down grade with the hauling-rope attached, or where

N
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Fic. 834,

the direction of the pitch is such that the loaded cars must
be hauled up grade. By reference to «, Fig. 834, the direc-
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tion of the pitch is such that the trains must be hauled up
grade, whereas ifi B the loaded cars must be lowered, because
the direction of the pitch is down grade. Hence in A the
hauling-engine is located at the shaft, whereas in B the
engine is located either at head of the incline or at the shaft.
In the latter case, the rope is conducted along one side of the
track, and carried round a return sheave, as shown in Fig.
835. In C, Fig. 834, the hauling is done on two reverse in-
clines; consequently, the engine must be placed at the highest
elevation of the inclined roads.

2340. Fig. 834 shows threedistinct classes of engine-
planes: (1) Those on which the loaded cars are hauled up
grade by the engine, and the empty cars are run back by
gravity, as in 4, where the full trains are hauled up grade
from & to a, and the empty cars are run back from a to 4.
(2) Those on which the loaded train runs down an easy
grade, hauling the rope with it, and where the empty train
must be hauled up grade with the engine. (3) Those on
which the engine is located at the head of two reversely in-
clined roads, as in C. In the latter case, the engine hauls
the loaded trains up grade from /% to g, and then the loaded
trains proceed down grade by gravity from f to ¢, and the
empty trains are hauled up grade from ¢ to f by the engine,
and then run down grade from g to / by gravity.

2341. In mine haulage, engine-planes of the character
shown in C, Fig. 834, are found to furnish the best possible
results, for where the seam is undulating the reverse inclines
are found to supply excellent conditions for long haulage to
be done cheaply and expeditiously, because the engine can
be located at the highest point between the two inclines. If
the run from the shaft to the engine is a mile, and that from
the engine to the foot of the incline g/ is half a mile, one
drum and one rope can be made to run the empty cars first
from the shaft to the engine, and, second, to lower the cars
from the engine to the foot of the down-grade incline g /.
In short, a pair of reverse inclines can be made to obviate
the necessity of the use of a tail-rope.
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2342. There are two cases in which the cngine-plane
is superior to all other systems. They are: (1) where the
seam is pitching heavily from the shaft, for then no type of
locomotive can be used to do the haulage as cheaply and
quickly; (2) when the road passes over two reverse in-
clines, where, however, the pitch from or to the shaft is
small or just sufficient to run the train back with the rope;
then locomotive haulage can sometimes be adopted with
better results. Fig. 836 is a good illustration of an engine-
plane haulage to the shaft, and shows in plan where the
engine is located with reference to the lead or line of the

rope.

2343. In some of the later installations of engine-plane
haulage, the engine is not located in the mine, but on the
surface, and the haulage-rope is conducted down the shaft,
or down a bore-hole made for the purpose. Fig. 837 sup-
plies a good illustration of how the hauling-engine may be
located at the top of an incline for upward haulage; but
this is a surface arrangement, and has attached to it an ap-
pliance that is seldom required in a mine. However, as it
is used in connection with mine-surface appliances, and
sometimes on slopes, it is here considered worthy of notice.

The device in question is the barney or truck A/ seen be-
hind the full car that has just arrived at the top of the engine-
plane. The barney is a little car that runs on rails set be-
tween the rails of the coal-car. The rope is attached to the
barney, which is thus used to push the full car up the in-
cline in front of it, so that when the full car reaches the top
of the incline, it can run away by means of its inertia.
Again, when the empty car reaches the foot of the incline at
P, the barney dips down into the little pit at .V, and becomes
disengaged from the empty car, which, by the inertia ac-
quired by the velocity due to its descent, runs intoa parting
to allow the next full car to run over the barney. When
the engine starts, the barney rises out of the pit and bumps
against the full car as before,
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2344. Before considering the numerical calculations
concerning engine-planes, some other matters of detail in
the working of the tracks must be noticed. For example,

F1G. 838.
where curves occur the guide-sheaves for the rope are so set
within the rails that the rope is made torun in the middle of
the track, as in Fig. 838; or, if it is desirable to use larger

FiG. 899.
sheaves that will not damage or strain the rope by sharp
bends, the sheaves are sometimes set on the side of the track
that corresponds to the inside of the curve, as in Fig. 839.

2345. Thedrag-bar, or back-set, shownin Figs. 840 and
841, is a provision made for safety during the ascent of heavy
trains on engine-planes.

In the event of a broken rope, this prevents the train

Fi1G. 840, Fi1G. 841.

from running back, and by this means the damage that
would otherwise occur is prevented.

A loose drag-bar is shown in Fig. 840. It is simply a
strong iron bar hooked to the rear of the last car in the
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train. Its mcde of operation is as follows: As the train
runs up the incline, the bar trails over the ground. Should
the rope or onec of the coupling-chains break, it sticks into
the ground and prevents the train from running back. The
drag-bar shown in Fig. 841 is the same in character as that
shown in Fig. 840, except that it is prevented from trailing
and knocking against the rollers on the ascent of the train,
being suspended by the chain A7, one end of which is attached
loosely to a bent hook, which has the shape shown by the
dotted lines. A second hook fits over the end of the first
one, and the weight of the bar straightens the chain which
supports it by means of the two hooks. In case of accident,
the bar is dropped to the ground by the train-rider pulling
the rope which is attached to the smaller hook on the right.
This pulls the smaller hook over the projection on the end
of the bent hook, thereby causing the latter to slip through
the end link of the chain, and take thec position shown by
the dotted lines. This action releases the bar, which there-
upon falls and digs into the ground.

2346. In alarge mine there can not be a main haulage
for which all the loaded cars are gathered at one station.
Since this is the case, not only must the system of the main
haulage be modificd so as to run the work off from different
stations, but sometimes a system that appears in all respects
the best for the grades of the main haulage-roads must be
abandoned for another that will allow the gathering-up
stations to be located nearer to the working faces. Fig. 842
furnishes such a case. Here the head of the engine-planeis
at the shaft, and the gathering-up stations are located at
the entrance to the side entries. If the latter are driven
along the strike of the seam, as they happen to be in this
case, the main haulage is made to reach no farther than
where the main rope is taking hold of the two full cars at 5.
It is clear, then, that the engine-plane haulage here adopted
is an expensive one. To avoid expense, either the side
entries should be driven on a pitch sufficient to allow the
trains to run to gathering-up stations, nearer the working
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faces, or another system of haulage, such as main and tail
rope, or endless rope, should be adopted to reduce the cost of
long and expensive local haulage. Cases no doubt occur in

Fic. 842

which the side entries are so short that the main and local
haulage here shown would do, but they are exceptional.

2347. In engine-plane haulage, it is important that
trains of reasonable length be run; otherwise a greater num-
ber of cars are required than it is prudent to use for the out-
put. The number of cars in a train should not exceed
thirty, and the grade should not be less than 3 per cent. to



18 MINE HAULAGE. §22

attain an average speed of 10 miles an hour when running
back. A train of empty cars in good working order, and
running on a good track, will acquire a good speed on a pitch
of 2.25 per cent., and a train of full cars under the same
conditions will run at a good speed on a pitch of 2 per cent.;
but for all-around good work, a pitch of 3 per cent. is the
most reliable, and, therefore, should be the minimum.

CALCULATIONS FOR ENGINE-PLANE HAULAGE.

2348. To find the tension in the haulage-rope when
the inclination of the road, the length and weight of the
rope, the number and weight of the cars, and the coefficient
of traction are given, procced as follows: First, find the
traction due to the friction of the weights of the cars, coal,
and rope as follows: Divide the sum of the weights of the
cars, coal, and rope by 40, the latter number being the co-
efficient of traction due to friction. Second, to find the
traction required for the gravity due to the incline, multi-
ply the sum of the weights of the car, coal, and rope by
the per cent. of grade, and the product is the traction re-
quired for gravity. To find the total force required for
traction, or the tension in the hauling-rope, add the traction
due to friction to the traction due to gravity, and the sum
is the tension in the hauling-rope. What has been here said
can be shown by a formula.

Let 11" = the total weight of the train;

7 = the weight of the rope;

= 7 = the coefficient of friction;

= the grade, per cent.;

= the tension in the rope in pounds.

-
<

NSO

Then, 7= (—”—;;; 7") +a(W4w). (200

ExaMpPLE.— 20loaded cars weigh 4,000 pounds each, and the hauling-
rope is 5,000 fect long and weighs .88 pound per foot. What is the
tension in the rope at the moment the engine hauls away from the
bottom of the incline, the grade being 3 per cent.?
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SoLuTioN.—The tension due to friction is equal to

(20 X 4.000) + (5,000 X .88)
40

The tension due to gravity is equal to
.03 [(20 X 4,000) + (5,000 X .88)] = 2,632 Ib.;
and, therefore, the total tension in the rope is
2,110 + 2,532 = 4,642 Ib. Ans.

The total tension can be found by substituting the values in
formula 200 3 thus,

=2,110 1b.

r=ED (Wt w) =
(20 X 4.000) -+ (5,000 X .88)
10

+.03 [(20 X 4,000) + (5,000 X .88)] = 4,642 Ib.

ExaMPLE.—Suppose that the train in the previous example is made
to run with a velocity of 12 miles an hour. What would be the horse-
power required to do this work ?

12 X 5,280
60
minute. The tension in the rope was found to be 4,642 1b. Hence,
if 1,056 be multiplied by 4,642, the product will be the number of foot-
pounds of work per minute the engine must do, and if this product be
divided by 33,000, the quotient will be the horsepower required.

1,056 X 4,642

Thus, H.P. = T =148.5 H.P. Ans.

SoLuTioN.—The velocity of the train is

= 1,056 feet per

2349. Thereisone peculiarityin the solutions that have
just been arrived at, and that is the taking of the full weight
of the rope. The student will observe that the engine must
only overcome the total weight of the rope at the moment
of starting the run, and at the finish of the run the weight
of the rope has no effect; therefore, the mean weight of the
rope against the engine is half the total weight. It would,
therefore, appear that the total weight of the rope should
not be taken; but it so happens that as the weight of the
rope reduces, the leverage against the engine increases.
The engine begins to haul with an empty drum, and as the
rope rolls on, the radius of the drum increases, and, there-
fore, if the engine runs at a constant speed, the speed of the
train quickens as the rope shortens. TFor this reason, the
correct average of resistance is found by taking the total
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weight of the rope throughout the run as an offset to the
increasing radius of the drum.

ExaMPLE.— 205 loaded cars weigh 4,600 pounds each, the length of
the engine-plane is 6,000 feet, the weight of the rope per foot is
1.2 pounds, the grade of the incline is 5 per cent., and the velocity of
the train is 13 miles per hour. What is the tension in the rope and
the required horsepower of the engine?

SOLUTION.— W/ =25 X 4,600 = 115,000 1b. ;

w0 =1.2%6,000= 7,200 lb.
Substituting these values in formula 200, we have

"
Tz(l‘{g—m+a(ll’+ w) =
"_003:—‘2(—)0- + .05(115,000 + 7,200) = 9,165 1b. Ans.
The velocity of the train is Ew: 1,144 ft. per min.; there-
. 9,165 X 1,144 _ )
fore, the horsepower is B0 = 317.TH. P. Ans.

2350. The weight of the rope is such an important
factor in the loss of useful effect on an engine-plane, that if
the work is run off at a high velocity with a rope of light
weight, it can be done with a less expenditure of energy.
To prove this, suppose the same amount of work must be
run off as in the previous example, but at a rate of double
the speed and with a rope of one-fourth the weight; what
horsepower is required to do the work with the lighter
rope ?

One-half of I}V in the preceding example is 1_1._520002
57,500. One-fourth of w is 7';00=1,800 Ib.,, and the

velocity per minute is, for 26 miles an hour, equal to
3 9
?_‘)—X(j(?’—ﬂ9 = 2,288 ft. Using formula 200, we have
(IV+ (C)
I'=""

+ .05 (57,500 + 1,800) = 4,447.5 1b.,

—|— (l; + 40) =
57,500 + 1,800
40

2,288 X 4,447.5
2288 X 4475 400 4 H.P. Ans.
and 33,000 S
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From this calculation, it is plain that the loss of useful
effect due to the heavy rope is equal to 317.7 — 308.4 =
9.3 H. P.

2351. Engine-plane haulage, like all other systems, is
capable of being modified for special conditions, and some-
times these modifications are of great importance. For
example, the modifications may be such as to closely approxi-
mate to some of the modes of action of a main and tail rope
haulage. In such acase, the haulage from four or more dis-
tricts in a large mine is done with separate ropes, that are
made attachable and detachable with coupling-sockets. The .
haulage will be done with what are practically tail-ropes,
because they are used for hauling from the engine instead
of to it, the shafts being situated in a shallow basin of such
a character that the loaded trains will run by gravity to the
shaft, but have not sufficient fall to haul the empty trains
away into the different stations in the workings. Each dis-
trict rope, therefore, takes the exact form of a tail-rope, for
if the cars are hauled into four districts 4, B, C, and D, at
cach of the stations there is fixed a return wheel for the dis-
trict tail-rope. To haul into any one of the districts, the
method of coupling is as follows: One end of the rope is
coupled with a socket to the rope on the drum, and the
other end is coupled onto the inner end of the empty train
for hauling in. The engineer then receives' the.signal,
‘‘ Haul into A station,” and when the train arrives the rope
is knocked off and attached to a full train, and then the
signal is given to the engineer, ‘“ Drop away the full train
from A station.”

This is a cheap and efficient system, where the conditions
are such as have been stated.

2352. The district rope system of engine-plane haulage
is also adopted in cases where the seam and the workings
advance up grade from one side of the shaft and down grade
from the other, and the seam is pitching sufficiently for the
empty train to fall one way and for the full train to fall the
other. The power required to do the work of this variety
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of engine-plane haulage is worthy of careful consideration.
First, the rope is balanced, for, on hauling away from the
hoisting-shaft, the rope lies along one side of the track,
reaching to the return wheel, and the rope from the return
wheel, lying in the middle of the track, reaches to the engine
near the shaft. Therefore, no allowance need be made for
resistance due to the weight of the rope, further than that
twice the weight of one side of the rope is taken to find the
resistance due to friction. Second, the only resistance due
to gravity is that of the train of empty cars. The following
example shows how the horsepower is found for a haulage
of this character:

ExaMpLE.—What horsepower is required to haul 80 empty cars along
an incline 4,000 feet long, having a grade of 3 per cent.? An empty

car weighs 1,400 pounds, the weight of the rope per foot of length is
.88 pound, and the maximum velocity of the train is 12 miles per hour.

SoLuTioN.—The weight of the rope is 4,000 X 2 X .88 = 7,040 1b.,
and the weight of 30 empty cars is equal to 1,400 X 80 = 42,000 Ib.

7 2, 7,040 . s es
(L‘i*'.ﬁ = ¢ W‘J ! )= 1,220 1b., the resistance due to friction,

40
and a 1Y = .03 X 42,000 = 1,260 1b., the resistance due to gravity. Then,
1,226 4 1,260 = 2,486 1., the tension in the rope. Again, 12 miles an
5,2%0 % 12

hour is equal to - e = 1,056 feet per minute; therefore, the

, ] . 1,056 X 2,486
required horsepower is - Cao
2353. Fromtheforegoing, the following equation gives
the tension in the rope of an enginc-plane having a return

rope:

=59.552 II. P. Ans.

r="F 1w (201

)
Also, if 7 = velocity in fect per minute, and 7/ = the horse-
power, the following equation gives the horsepower required
to operate the plane:

_ Tv

= 55000
The student should here carefully note that in this case the
resistance due to gravity is .03 " instead of .03 (1174 =),
as in the other cases; if he observes the reason for this
difference, he will avoid future causes of perplexity.

(202.)
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TAIL-ROPE SYSTEM.

DESCRIPTION OF THE SYSTEM.

2354. There are four classes of roads on which this
system of haulage may be adopted with success, namely:

Level roads.

Undulating roads.

Roads of small pitch.

Roads on which alternate levels and relatively high pitches
occur.

2355. The mode of action that characterizes this
system is that of a special provision for hauling in opposite
directions. This is secured by means of two ropes, called,
respectively, the main and tail ropes. Another feature of
this system is its adaptability for hauling trains of cars to
and from all the gathering-up stations of the different dis-
trictsin a mine. In hauling to the hoisting-shaft, it is clear
that the destination is the same for every loaded train, from
whatever gathering-up station it may come; and as the
hauling-engine is either located in the neighborhood of the
shaft, or the hauling-ropes enter the mine through the shaft,
it is clear that the rope that is always pulled in one direction
towards the shaft will have some specific name, and this
name is main rope,; that is, it is the one rope that does
the hauling out of every district to the shaft. Hence its
name, main, or chief rope, or rope that is always used for
hauling to one point. The same can not be said of any of
the tail-ropes, for they are used for hauling to different sta-
tions. To realize what their use is, suppose that there are
five gathering-up stations, A, B, C, D, and £; then, to haul
to the A station, a special district tail-rope is required, for
this rope must pull in the direction of the A4 station only, or
the station to which the train must go. This being so, the
tail-rope for 4 will not do for B, neither will the B rope do
for the A station. The same is true of the other three sta-
tions. Therefore, if it is intended to haul out of five dis-
tricts, five tail-ropes, or one for cach station, are required.
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The tail-ropes, then, are peculiar to the districts for whose
haulage they are used.

2356. A very good idea of the use of the tail-rope may
be obtained from astudy of Fig. 843. Inthis case, a train of
cars is supposed to be running on a level road hauled by the
engine A to the shaft. It is clear that without a reverse or
tail rope, this engine could not be applied to haul an empty
train back to B; therefore, in the absence of a tail-rope
engine, the engine B must do the return hauling. It will
readily be seen that the rope running onto the drum of the
engine A takes the place of the main rope, and the rope run-
ning onto the drum of the engine 5 takes the place of the
tail-rope; yet, it is not truly a tail-rope, for the one is as
much a main rope as the other.

The chief lesson this figure teaches is the difference
between this system of haulage and that of the engine-plane.
In the latter, gravity did the work that is done in the former
by the tail-rope. As on a level plane there is no force like
the earth’s gravity to return the train to the point whence
it is hauled by the engine 4, the engine 5 is made to do the
tail-rope or return haulage.

2357. Fig. 844 shows how the return haulage is done
with a tail-rope. It will be noticed that the two drums on
the engine at the left-hand side of the figure are for winding
the two haulage-ropes. For example, ¢ is the drum’for the
main rope and 4 is the drum for the tail-rope. The main
rope is coupled to the front of the train of cars, and is seen
to be hauling them to the shaft. The tail-rope, on the other
hand, is uncoiling from its drum and passing along the
side of the track on rollers at a, a, a, and ultimately it is
seen passing around the return sheave at S to the rear end
of the train to which it is attached.

Fig. 845 is an illustration of how the return sheaves are
erected at the gathering-up stations at the ends of the
haulage districts.

2358. Having so far given a general description of this
system of haulage, it next becomes important to notice the
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use and relationship of certain mechanical details with which
the student must be familiar before he can claim to have an
intimate acquaintance with this system of haulage. For
example, it is not enough that he should know that two
hauling-drums are used, but he should thoroughly under-
stand the special work for which each is intended. It is not
difficult to conclude that one of them is for the coiling and
uncoiling of the main rope, and the other to do the same
for the tail-rope, for it so happens that while one coils on,
the other uncoils. For example, when the main rope is
coiling on, the engine is engaged in hauling coal to the
shaft from one of the stations, and, therefore, as the main
rope is coiling on, the tail-rope must be uncoiling. As the
train is approaching the shaft, it is hauling in its rear
the tail-rope; when the train has reached the bottom of the
hoisting-shaft, the tail-rope is uncoupled from- its rear and
attached to the front of an ingoing empty train, and at the
same time the main haulage-rope is uncoupled from the
loaded train and coupled to the rear of what is now the in-
going empty train. To effect a change in the direction of
haulage, the tail-rope drum is thrown into gear, the main-
rope drum is thrown out of gear, and the engine hauls in
the empty train with the tail-rope. The empty train now
pulls in the main rope to do the work of hauling out the
next loaded train, just as the loaded train pulled out the tail-
rope. It has just been stated that the drum for the main
rope is uncoupled from the engine, and the tail-rope drum
is coupled to the engine to haul in the empty train. This
statement suggests some mechanical arrangement for con-
necting -and disconnecting the hauling-drums with the
engines. This operation is technically known as clutching in
and out of gear. For instance, to haul in, the tail-rope
drum is clutched onto the engine, and the main-rope drum
is thrown out of gear. To haul the cars out, the drum of
the main rope is clutched onto the engine, and the tail-rope
drum is thrown out of gear. It might be thought that
clutching one drum and throwing the other out of gear is
all that the engineer must do. Such, however, is a mistake,
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for, when passing over certain inequalities in the road in
hauling in or hauling out, the engineer must put the brake
on the drum that is out of gear, to keep the rope reasonably
tight, and prevent the possibility of it uncoiling and kinking,
for it is destructive to a rope to allow it to uncoil itself.

2359. So far, then, as the drums are concerned, the
matter is clear enough, but the coupling of the engines to
the drums is a matter that requires more than passing at-
tention. There are two modes of gearing up the engines
for hauling. In some cases, the hauling is done with second-
motion engines; that is, the drum and the engines are on
different shafts. In such a case, the engines are said to be
on the second motion, the engine and the drums being geared
so that the engine makes two or more revolutions to one
revolution of the drum. This permits smaller engines to be
used than when the engines and the drums are on the same
shaft, in which case the engines are on the first motion. If
the same amount of work is to be done in each of the two
cases, the engines on second motion must be run at a higher
speed than the engines on first motion. The latter are made
larger in size, and consume the same amount of steam in a
given time that the small engines do while running at a higher
speed. Now, it might be thought thdt the question of engines
on the first and second motions is not of much importance;
but such is a mistake, for in large and extensive mines it is
important that the hauling-engines be put on the first motion,
where the roads will permit, as they are required to run
heavy trains with despatch, and make up, for the extra length
of road, for the time occupied in socketing and unsocketing
the tail-ropes and for unpreventable delays at the different
stations.

2360. The next matter that must be considered is that
of the tail-ropes for the different districts, so that the meth-
ods of socketing and unsocketing them with the general
tail-rope of the engine may be understood. To make the
explanation clear, Fig. 846 is introduced. Here the general
haulage of the mine isdivided into five gathering-up stations;
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namely, A, B, C, D, and /. In the diagram a loaded train
is seen to be leaving the gathering-up station B on its way
to the hoisting-shaft. The drum for the main rope is shown
at R, and the main rope is seen along the middle of the road.
From the tail-rope drum marked ¢, the tail-rope is seen to
advance along the lower side of the principal haulage-road,
enter the entry /5 by the deflecting sheaves ¢, and then pass
up along the right-hand side of the entry to the return
wheel 2, around which it passes, and returns to the rear of
the train to which it is attached. On looking at district A,
it is seen that both sides of the tail-rope from the return
wheel reach to the entrance of the station, where the two
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ends are scen lying ready for attachment.  The same appears
in districts C'and /).  On looking thoughtfully at these tail-
ropes, a moment’s reflection will enable the student to un-
derstand that if the train is hauled out from the shaft to /-,
it can be disconnected from the /) tail-rope, and connected
with the C one by the socket at the off-take station, and by
this means hauled into station . In this way, disconnec-
" tions and connections can be made for running into any of
the other stations. It is plain that to haul into any district,
a change must be made in the tail-rope sockets at the en-
trance to it,
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2361. There are two methods in practice for socketing
and unsocketing thetail-ropes. In the firstandoldest one, the
connections are made when the train arrives at the entrance
to the district into which it is intended to go. In the second
method, all the district connections are broken continuously
up to the entrance of the district for which the train is des-
tined. For example, suppose the last train arrived out of dis-
trict 4. The coupler for station 4 uncouples his district
tail-rope and couples up the general tail-rope to run past his
station; the other couplers do the same, except the one who
has signaled for the next train. He uncouples the general
tail-rope, couples up the tail-rope of his district, and then sig-
nals for the engineer to ‘‘run in,” and the train runs con-
tinuously from the shaft into the required station without a
stop. This system of socketing is decidedly the best, because
it prevents all unnecessary delay, and never produces a hitch
when an efficient code of signals is adopted. Again, the
system secures great economy in steam, for the engine is
kept running almost continuously.

2362. Figs. 817, 848, and 849 show different methods of
socketing. In cases like these, a main or general tail rope is
used for all the entries. The connections, in the case of

FI1G. 847. FIG. 848. Fi1G. 849.

Fig. 847, are made when the empty cars come in to 4.
The rider unsockets the lead rope at 4, and sockets on the
entry-rope at /'. At the same time he breaks the connection
at 2, and couples on the rope a’. He then signals to the
engineer to haul into the required gathering-up station.
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The pulling out of the loaded cars is done by simply revers-
ing the operation.

2363. In Fig. 848 another method of socketing is
adopted; but this can only be put in practice in exceptional
cases. The intention of this arrangement is to reduce the
number of sockets. The coupling of the parting tail-rope
to the main rope is made at ¢. The main rope is also un-
coupled at @, and the rope & is coupled onto the train.
Then the train can be hauled into the gathering-up station
in the parting. Fig. 849 illustrates the branch connections
for coupling-up, so as to run right through from the shaft
into the station. The operation of uncoupling and coupling
is done at one place. The ropes a and & are uncoupled from
the train coming in the main road, and ropes @’ and &' are
coupled on. That portion of the main-roadway rope lying
between the coupling-point and the sheaves lies idle in and
alongside the road.

CALCULATIONS FOR TAIL-ROPE HAULAGE.

2364. The calculations for the tension in the rope and
the horsepowers required for main and tail rope haulage re-
quire modifications that are not applied in other systems of
haulage. For example, instead of gravity increasing the
tension in all cases, it sometimes decreases it, and, therefore,
becomes a negative quantity. To make all these differences
clear, however, the conditions occurring will be explained
in every case. The meaning and use of the letters in the
expressions are as follows: '

IV = the total weight of the loaded train;
IV, = the total weight of the empty train;

w = the weight of the rope;

C = 75 = the coefficient of friction;

a = the grade per cent.;

7T = the tension in the main rope in pounds;
7, = the tension in the tail-rope in pounds.

2385. The weights per linear foot of the main and tail
ropes are sometimes different; sometimes the main rope is
the heavier, and at other times the tail-rope is the heavier.
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In all cases, however, the difference is small, and for that
reason the weight will be taken as the same in the following
examples, unless otherwise stated. Again, when an empty
train leaves the hoisting-shaft, the weight of the moving tail-
rope is equal to twice that due to the distance from the shaft
to the gathering-up station, and when the train reaches the
gathering-up station, the weight of the rope moving is still
equal to twice the length of the journey, because then one
length of the main rope lies in the middle of the track, and
an equal length of the tail-rope lies on the side of the track.
Therefore, the weight of rope in motion is never more or
never less than that due to twice the length of the track
from the shaft to the terminus to which the train must be
Jhauled. For this reason, the weight of rope due to twice
the length of the track will be taken in each case.

2366. The tensionsin the main and tail ropes are calcu-
lated on the longest runs and on the maximum up grades of
the roads. In cases where the haul to the shaft is down
grade, and, conversely, the haul to the gathering-up station
is up grade, the greatest tension falls on the tail-rope.

When the ropes weigh the same per linear foot, the ten-
sion in the main rope may be found by formula 201. The
tension in the tail-rope is found by the same formula, except
that the weight of the empty train is to be used. That is,
using the notation of Art. 2364,

V 1z
Tl=—-———l '4-({; ‘U-i—a w.

ExampLE.—The greatest length of main and tail rope haulage in a
certain mine is 6,500 feet, and the tracks are perfectly level. The
weight per foot of the main rope is.7 pound, the weight per foot of
the tail-rope is .6 pound, the full cars weigh 5,000 pounds, the empty
cars weigh 1,800 pounds, and the trains consist of 20 cars. What are the
tensions in the main and tail ropes? If the average speed of the trains
is 10 miles an hour, what is the horsepower of the hauling-engine, due
to the maximum tension of the ropes?

SoLuTioN.—The weight of the train of loaded cars is 20 X 5,000 =
100,000 1b. The combined weight of the two ropes is (.7+ .6) X
6,500 = 8,450 1b. The tension in the main rope is

T= (W + w) — (100,000 + 8,450)

- 9|
50 0 =2,711.251b. Ans.
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The weight of the train of empty cars is equal to 1,800 X 20 =
36,000 Ib. The joint weight of the ropes is (.6 +.7) X 6,500 = 8,450 1b.,

as beforc. ;
_ (Wi + w) __ 36,000 + 8,450
Then, T= 0 = i

the tension in the tail-rope. Ans.

=1,111.25 Ib.,

According to the conditions of the example, the horsepower must
be calculated from the maximum tension. The speed of the train is

10 miles an hour, or 5—%9

formula 202,

= 880 feet per minute. Then, applying

Tv _ 2,711.25 x 880
33,000 33,000
2367. It sometimes occurs that a portion of a haul-
age-road is up grade, and there the maximum strain on the
rope takes place.

H= =728 H.P. Ans.

ExAMPLE.—On a short portion of a main and tail rope haulage the
main rope must haul a train of 30 loaded cars up a grade of 4 per cent.
What is the maximum tension in the main rope when a full car weighs
5,000 pounds, the nmain rope weighs 1.2 pounds per foot, the tail-rope
weighs .88 pound per foot, and the length of the track is 5,600 feet ?

SoLuTioN.—The weight I of the train is 5,000 X 30 = 150,000 1b.,
and the weight 2 on the ropes is (1.2 + .88) 5,600 = 11,648 1b. Then,
applying formula 201,

_(W+w) _ (150,000 + 11,648)
T="" o aw =20

the maximum tension in the rope under the given conditions. Ans.

+ .04 X% 150,000 = 10,041.2 1b.,

2368. When a haulage-road only runs up grade for a
short distance, it is the practice to accelerate the speed of
the train a little before reaching the rising ground, and then
by its inertia the train is carried over with no other loss
than that of a reduced velocity, which it soon recovers.
The horsepower is, however, increased for this short length
of up-grade work in the following proportion:

Let / = the full length of the road;

/, = the short length of the up-grade road;
P = the horsepower required for level track;
P = the increased horsepower.

Then, p=CUHN (203,
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The increased tension in the rope due to the local
up-grade inclination of the road will very seldom equal
the tension due to friction alone; therefore, the expression
‘given in formula 203 is sufficient; but where the inclination
is so great as to require a higher tension than that due to
friction, then the increase of power is found by a special
calculation.

ExAMPLE.—A main and tail rope haulage-road is for five-sixths of
its length level, but in hauling out to the shaft, } of the length of the
road is up grade. If the road was all level, the haulage could be done
with an 80-horsepower engine. What should be the power of the
engine according to formula 203 ?

SoLuTION.—Substituting in formula 203, we have
P _PU+4) _80X(A+1)
: e 7 1
In this connection, it must be understood that the up
grade encounteréd is but slight, and that the speed of the
train on the level is accelerated so as to carry the train along
by inertia. In any case, the formula gives only approxi-
mate results.

=934 H.P. Ans.

2369. ExampLE.—In a main and tail rope haulage in a certain
mine all the roads leading to the shaft have a mean fall of 3 per cent.,
the greatest length of run is equal to 4,862 feet, and the mean velocity
is 12 miles an hour. The hauling-ropes weigh .88 pound per foot,
the trains consist of 25 cars, each loaded car weighs 5,000 pounds, and
an empty car weighs 1,800 pounds. What is the tension in the main
and tail ropes, respectively, and what is the required horsepower
of the hauling-engine?

SoLuTIioN.—To find the tension in the main rope, the gravity force
due to the pitch of the incline must be treated negatively, because it
reduces the tension in the rope; then, formula 201 becomes

| r=r% Ly .

Since W = 5,000 X 25 = 125,000 1b., w = 4,862 X 2 X.88 =8,557.121b.,
2= ¢}y = .03, we have
(125,000 + 8,557.12)
—
— 411.072 1b., the negative tension 'in the main rope. Ans.

T=$—au/= — (.08 X 125,000) =

This means that not only is there no tension in the main rope, but
an excess of gravity force equal to 411.072 1b., which will, without the
engine, run the train at a high velocity.
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The gravity force in the case of hauling the train of empty cars is
positive, because they are made to ascend the incline; hence, we can
apply formula 201 directly to find the tension in the tail-rope.

W, = 1,900 X 25 = 47,500 1b. ; 2 = 4.862 X 2 X .88 = 8,557.12 1b., and
a =1}y =.03. Therefore,

Y ram= (-‘?i":’m—*;(m +.03 X 47,500 = 2,826.428 1b.,

the tension in the tail-rope. Ans.

T.= Wi+ w

No horsepower is exerted through the medium of the main rope,
because the tension is negative; but by using formula 202, the horse-
power exerted through the tail-rope can be found. As the velocity

5,280 x 12

is equal to 6 — = 1,056 feet per minute, we have
9, ) 4
H= Tv 2,826.428 X 1,056 — 0044 H.P. A

33,000 33,000

2370. Let usobservethe importance of calculating the
tensions in the main and tail ropes. It is evident that if the
main rope is a very light one, not only will the engine be
better balanced, but great economy will accrue from the use
of aless costly rope. In a case like this, however, itis better
to reduce to a minimum the size of the main rope, and to
increase the size and weight of the tail-rope to equalize the
work of the engine. This conclusion will be clearly evident
in the next example.

Where the haulage-roads have a fall towards the bottom
of the shaft, it is evident that the full cars will furnish a
gravity force that is negative to the general resistance, and
that the difference between the weight of the ascending
heavy tail-rope and the descending light main rope will
furnish a gravity force that is positive to the general re-
sistance.

Under these conditions, the tension in the main rope
becomes

W4 w

— e — ,_’Z!
T=-15—a(V-w), (204.)

where =, = the difference in the weights of the ropes, and
the other letters represent the same values as given to them

in Art. 2364.
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To find the tension in the tail-rope, the same formula is
used, except that the second term must be added. That is,

r,=TE ar—w). (208
ExaMpLE.—If in the example of Art. 2369, the main rope and
tail-rope weigh .6 pound and 3.65 pounds per foot, respectively, what
will be the tension in each rope, and what will be the required horse-
power of the haulage-engine ?
SoLuTioN.—Using formula 204, we have
— W;)—w_ 2 “V_wl)=5,0()0x2s)+1.0862(8.65+.6)_
[125,000 — 4,862 (3.65 — .6)] = 336.46 lb. =
the tension in the main rope. Ans.
To find the tension in the tail-rope use formula 208. In this case,
W, = 1,900 X 25 = 47,500; hence,
T, = 47,500 + 20,663.5
40
Using formula 202, we have
H= Tv _ 836.48 X 1,056

33000 = B3.000 = 10.8 H. P.,
the horsepower required for the haul out with the main rope. Ans.
. _ Tv _2,0842x1056

Agaln, H= 53-"0“0- = —33’00()»—— = 85.9 H. P.,

the required horsepower for the tail-rope haulage. Ans.

.08

T

+ .03 (47,500 — 14,829.1) = 2,684.2 1b. Ans.

2371. From the example just worked out, some inter-
esting lessons are learned. The first is, that the tension in
the ropes under the greatest stress does not much exceed
one long ton; further, the weight of a rope and the weight
of a train may become negative to the resistance of friction.
Again, the energy that is lost, when a portion of the gravity
force due to the inclination of the road is wasted by using a
brake, may be utilized by adjusting the weights of the ropes .
to retain it.

In the example of Art. 2369, the horsepower was found
to be 90.44, and in the example in Art. 2370 it is 85.9.
Therefore, 90.44 — 85.9 = 4.54 horsepower is saved by in-
creasing the weight of the tail-rope. More than this could
be saved by further reducing the weight of the main rope,
and further increasing the weight of the tail-rope, where, as
in this case, there is a down grade to the shaft.
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2372. In main and tail rope haulage it is important
that the maximum velocity of the trains should never exceed
12 miles an hour, for three very important reasons: (1) the
tracks are costly to keep in repairs when the velocities ex-
ceed the limit just given; (2) high speeds are destructive to
the cars, and, therefore, increase the haulage cost per ton;
(3) derailing is more frequent at high speeds than low ones.
As the maximum speed must be kept within a safe working
limit, the number of cars in a train is determined by five
important factors, all of which are variable, or different in
different mines. Before estimating the number of cars that
should be attached in a train, the values of the factors just
referred to must be known. They are:

1. The output of the mine in tons of coal per day.

2. The mean lengths of the roads.

3. The weight of coal a car will carry.

4. The number of trains that can be run out of the
different districts. )

5. The number of tons of coal each haulage district can
produce.

2373. The values of the factors are found as follows:

The prospective output of the mine is found by estimating,
on the basis of present practice, how much more is possible.

The lengths of the roads are calculated prospectively from
the attainable lengths measured on the map of the available
field.

The cars are made to carry such weights as the dimen-
sions of the hoisting-shafts and the heights of the haulage-
roads will allow.

The number of trains is found as follows:

(@) Tind the mean of all the lengthsof the districts, each
being measured from the shaft to the making-up stations.

(4) Multiply the mean length of the districts by 3, for the
following reasons: A journey of full cars out and empty
cars in is equal to double the length of a district road, and
to compensate for unpreventable and unforeseen delays,
another addition must be made to the length of the track.
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and, therefore, the mean length of the district roads must be
multiplied by 3.

(¢) Find the number of feet a point in the rope will pass
through in one working day. Suppose, for example, the mean
speed of the rope is 12 miles an hour, and that the time of one
day is 10 hours; then, 5,280 X 12 X 10 = 633,600 feet, the dis
tance a point in the rope will move through in 10 hours.

(d) Divide the distance a point in the rope would move
through if kept continually in motion by 3 times the mean
length of the district roads, and the quotient will be the
number of trains that can be hauled out per day.

ExaMpPLE.—How many trains can be run out by a main and tail

rope haulage in one day of 10 hours. the speed of the rope being
12 miles an hour, and the lengths of five districts being as follows:

A =5,012 feet;
B =4,654 feet;
C = 38,278 feet;
D ="7101 feet;
E =279 feet.

SoLuTiON.— 5,012 4 4,654 + 8,278 + 7,101 + 2,794 = 22,889.
22,839 + 5 = 4,567.8, the mean length.

65,280 x 12 x 10

Then, ~A56T8 X8 = 46.23, or, practically, 47 trains per day. Ans.

To find the number of cars in a train, divide the output in
tons per day by the number of trains, multiplicd by the tons of
coal a car will carry ; the quoticnt will be the number of cars
in a train. .

EXAMPLE.—The output of a mine is 2,000 tons of coal per day; the
number of trains to haul out this quantity is 47. If one car carries
2 tons, how many cars must there be in a train to do the work ?

2,000
4Tx2
number is 22 cars in a train; or, combining the examples,
2,000 5,280 x 12 X 10

2 T 45618x38

ExaMpLE.—The following particulars are required for the con-
struction of a haulage plant on the principles of main and tail rope:

(@) The number of trains that can be run out per day.

() The number of cars in a train.

(¢) The horsepower of the haulage-engine.

SoLUTION.—

= 21.276, or, as there can not be a fraction, the

= 21.63, or 22, nearly, as before. Ans.
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The calculations must be based on the following particulars:
1. Six district haulage-ro~ds, A, 7, C, D, £, and F. the lengths of
which are to be as follows:
A = 6,784 feet long;
B = 4,250 feet long;
C =8,276 feet long;
D = 3,560 feet long;
E =5,720 feet long;
F = 7,963 feet long.

The mean up grade to ihe shaft is 2 per cent.

. The output is 8,000 long tons of coal in 10 hours.
The cars each carry 2 tons.

. The speed of the train is 10 miles an hour.

. An empty car weighs 1,900 pounds.

. The weight of one foot of the rope is 1.58 pounds.

= It

SoLtTIoN.—(a) The distance a point in the main haulage-rope will
run in 10 hours is 5,280 X 10 x 10 = 528,000 ft.

To find the number of trains that can be run out in a day, this last
product is divided by three times the mean length of the haulage-roads.
The mean length is

(8,784 + 4,250 + 8,276 + 3,560 + 5,720 + 7,963) + 6 = 6,002} ft.
Hence, the number of trains is

528000

6,082} X 3

(6) To find the number of cars in a train, the output is divided by

the number of trains multiplied by the number of tons a car will
carry.

= 28.89, or, practically, 29 trains. Ans.

Thus, ;. — - = 41.4 cars, ~r, practically, 42 in a train. Ans.

(¢) Remembering that the output is in long tons, the weight of a
ioaded car will be (2,240 X 2.5) + 1,800 = 7,500 1b. Therefore,
W = 17,500 X 42 = 315,000 1b., and 7o == 1.56 X 6,092.16 X 2 = 19,007.541b.
Substituting these values in formula 201, we have

(17 + 20)

_ L, (315,000 4 19,007.54) _
== 11”7, or 30 + .02 X 815,000 =
. .o
14,650.19 1b. ; the velocity of the trains is equal to '-"”Lg&(—l? =880

feet per minute.
Substituting in formula 202, we have
_7_'7'< 14,650.19 % 8RO

: 3000 =390.7 IL. P. Ans.

H=
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TAIL-ROPE COUPLINGS.

2374. Fig. 850 shows a tail-rope coupling
for connecting the different sections of the
rope to run the train into a given district.
There are many different coupling-links in use,
and they all aim at securing three things:

First, to make a secure and reliable connec-
tion.

Second, to provide a coupling-link that will
knock as little as possible on the rollers, and
not injure the coils of the rope on the haul-
ing-drum.

Third, to furnish a coupling in which the
connection can be made and unmade in as short
a period of time as possible.

The coupling shown in Fig. 850 is one of the
simplest and oldest in use, and it is here given
to explain the general principle involved, but
not as a model of a good socket. Sockets and
couplings must be seen in use to be understood
in their mode of action, but the following
figures furnish a general idea for a student in
pursuit of a knowledge of the important de-
tails. This form of coupling is even yet ex-
tensively used; it consists of two goose-neck
fastenings A7 and A/ made in the form of a
pair of trough-shaped tongs, riveted by three or
four rivets to the end of the ropes, and con-
nected by the links &, &V, and O, as shown.
The wires at the end of the ropes should be
either welded or soldered for an inch or so to
prevent untwisting, or otherwise the rope will
draw out.

2375. The hauling-ropes for engine and
gravity planes and for the main and tail rope
planes have securely fastened on their ends,
caps or sockets for coupling them up with the
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trains. Fig. 851 is an illustration of the simplest coupling
of this character. It consists of what is called the goose-
neck socket 4/ and a clevis, or hook, /7 connected with a cap,
or socket, of the rope by means of the link Q. This clevis,
or shackle, is attached to the coupling-bar of the car by
means of the pin K. An arrangement of this character,
however, is attended with serious difficulties in practice, for,

FiG. 851.

in the event of the cars being suddenly stopped, the rope
coils under the point of attachment and kinks and becomes
permanently injured. To remove the possibility of such an
occurrence, a length of 15 or 20 fcet of chain is connected
with the clevisand the socket //, and a swivel A (see Fig. 852)
is provided to let out any excessive twist that may exist in
the rope. It will be seen that the socket attached to chain b
in Fig. 852 differs in character from that attached to the
chain @. The socket on the chain & is the one preferred in
general practice, and, therefore, the mode of securing the
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FicG. 852.

rope to this socket is illustrated by Fig. 853. The shell of
this socket is something like a hollow conical tube, and for
making the connection the mode of proceeding is as follows:
The end of the rope is pushed through the shell of the
socket, and then partly uncoiled, when one of three things
is done. First, tapered wedges are driven in between the
strands and the core, as shown in Fig. 853 (a); or the core
is taken out, and a tapered plug is driven in the center of
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the strands, as shown in Fig. 853 (4); or the strands are
partly uncoiled, as shown in Fig. 853 (¢), and drawn into
the shell tightly, when molten lead or babbitt metal is

e
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F1G. 853.

poured in, and this fills up the interstices and makes a plug
so solid and firm that it can not be drawn through the shell.
The result is that the connection is made as strong as the
rope. -
KNOCK-OFF LINKS OR DETACHING-HOOKS.
23786. It is sometimes necessary to detach the rope
from the cars when they are in motion and when the rope
is tight. To do this, special knock-off devices are applied.
Fig. 854 is an illustration of a knock-off device, in which a

Fi1G. 854,

pin A is set in the bill of the hook; this keeps the link 5 in
position. The moment, however, the pin 4 is withdrawn,
B is forced back into the hinge of the hook at the right side
of the figure, and now the bill C turns on the hinge under-
neath the connecting-link, and slips the rope,
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In Fig. 855 is shown a knock-off link that can be operated
by hand. When a detachment is necessary, the lever 4 is

Fi1G. 855.

pulled upwards, and then the clevis, or hook, takes the posi-
tion shown by the dotted lines, and the rope slips off.

Fig. 856 is an illus-
tration of a hand-de-
taching arrangement
very similar in char-
acter to the previous
one.

Fig. 857 is an illus-
tration of an auto-
matic detaching or
disengaging hook.

Fic. 856. In this case, instead
of the lever being operated by hand, one arm of a bell-crank
lever is made to detach the rope by striking a beam B, as
seen in the upper portion of the front end of the car. The
knock-off girder 5 is sct across the track, and so fixed that a
train passing under it causes a bell-crank A to strike against
B, when the lever C disconnects the clevis and sets the rope
and its coupling free.

Fig. 853 is another illustration of an automatic detachment,
but, unlike the others, it does not break the connection until
the engine stops. The moment the car attempts to overrun
the chain, the clevis detaches the rope, or rather the link &
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slides off the hook at A, and the rope falls to the ground,

and leaves the train free to run farther on by its own
momentum.

2377. The engines and drums for main and tail rope
haulage are not always situated in the mines, for there the
steam is either produced by boilers situated in the mines—
which, to say the least, is a dangerous practice—or the steam
is conducted in pipes from the surface. However well the
pipes are protected, there is a great loss of energy due to the
radiation of heat from the steam, and, therefore, it is better,
if possible, to locate the hauling-engines at the surface, and
conduct the hauling-ropes down the shaft or slopes into the
mine. In some cases, the ropes are conducted through bore-
holes; where this is done, great advantages are often secured,
for sometimes by this method a large amount of local haul-
age can be effected that would otherwise have to be done
by mules. At other times, it secures the advantage of a
very much shorter rope. It might be thought that, by
locating the engines at the surface and conducting the ropes
through shafts or bore-holes, a difficulty would arise with
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the signals between the gathering-up stations and the engi-
neer, and between the gathering-up stations and the ‘‘ make
and break"” boys at the entrances to the district roads
Experience, however, has disapproved the conclusion, inso-
much that the signals are found to be as perfectly given and
as perfectly received as they would be if given from the
gathering-up stations to the engineer in the mine. The neces-
sity of accuracy in signaling can be readily appreciated when

F1G. 858

the student remembers that many of the roads are undula-
ting, and require, on the part of the engineer, great care to
prevent the trains overrunning the main rope on the one
hand and the tail-rope on the other, when the trains are run-
ning down grade. Witha proper code of signals, and with the
engineer duly informed of the characteristic down grades of
the several districts, the trains are kept well under control.
In some cases, double tracks have been tried for main and
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‘tail rope haulage; but, so far, such a mode of proceeding has
been found to be neither prudent nor economical, as wide
roads must be expensively secured, and in many cases middle-
timbered. This is expensive enough, but it is only a frac-
tion of a greater expense that is sure to arise in cases where
a train running at a velocity of 10 or 12 miles an hour be-
comes derailed, and runs into the timber and draws it out.
Then, if the roof is at all tender, it caves in, and, before the
falling stone can be removed and the roof can be resecured,
a great loss arises from the stoppage of the work, in ad-
dition to the great expense of retimbering. Single roads
are hetter for main and tail rope haulage, and the single-
road system is what gives to the main and tail rope haulage
its preference over other systems.

ENDLESS-ROPE SYSTEM OF HAULAGE.

DESCRIPTION OF THE SYSTEM.

2378. The endless-rope system of haulage can often
be substituted with advantage for either of the other three
systems previously mentioned. The underlying principle
of its action is that the haulage is done by a band or a series
of bands of rope that operate the cars like an elevator-chain
does the elevator-buckets. To realize this, let the loaded
cars take the place of the full elevator-buckets, then the in-
verted and empty buckets are the exact analogue of the
empty cars; for on one side of the endless rope there are full
cars moving progressively to the shaft, and on the other the
empty cars are moving inwards to the workings. In another
sense, the principle of action of the elevator and the endless-
rope haulage is alike; that is, the buckets on the endless
chain of the elevator are set separatzly and at equal *dis-
tances along the sides of the chain-belt, and in much the
same way the cars attached to the endless rope are set
separately at fixed distances along the rope, the full cars
being attached to one side of the band of rope and the empty
ones to the other,



74 MINE HAULAGE. § 22

2379. A good illustration of the arrangement of the
rope-band, in reference to three of its most important
features, is shown in Fig. 859.

1. The engine and the grooved wheels for clutching the
rope for hauling are seen in plan in the upper portion of
the figure, and in elevation in the lower portion. It will be
noticed that the engine is located at one side of the tracks.

2. The two parts of the endless rope are seen ‘between
each of the two tracks, for the purpose of hauling in opposite
directions, as shown by the arrows, which indicate that the
loaded cars are moving outwards along the lower track to
the shaft, while the empty cars are moving inwards to the
workings, as indicated by the arrow on the upper track.

3. A tail-wheel C is provided to form the inner loop
or end of the rope-band; hence, the twosides of the endless
rope run along their respective tracks and around the tail-
wheel C and the grooved wheels of the engine at A4 and 5.

Two other important provisions designed to keep the rope
tight are as follows: First, the tension-weight 0. Thisis
employed to keep the rope-band tight on the grooved grip-
wheels; for if this is not done the rope will slip and the engine
will be incapable of doing its work. Second, the tail or re-
turn wheel C is made, by means of a tension-balance, to
keep the inner loop of the rope tight; for should one of the
sides of the rope-band be allowed to run slack, then the grips
attached to the carslose their hold of the rope, and the haul-
agc on that side of the band ceases. It will be seen that
several deflecting sheaves are required for the engine end
that are not necessary for the tail-sheave end. The reason
for the difference is evident; for example, the sheave C can
be made toslide in a frame inwards or outwards as the tension
of the band requires adjustment, but the engine and the
grip-wheels can not be made to slide in this manner; conse-
quently, the tension-balance truck 2 hasa wheel mounted on
its top, and this forms a loop on one of the sides of the rope-
band. Should the band slacken, the truck D descends the
incline by its weight and tightens the rope, and should the
rope become for a moment over-tight, then the tension-bal-
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ance truck /) rises and releases the stress. The deflecting
sheaves F, G, H, I, etc., are necessary for the fixed engine,
but are not required for the tail-wheel C.

2380. Fig. 860 is a plan of a typical endless-rope haul-
age with a single band. At the right-hand end of the figure
the tracks S and s begin at the hoisting-

1‘-‘ shaft. The engine is located at £, and
3 &3 thesides of the rope from the grip-wheels
©)¢=+ W are seen to pass round the deflecting

» wheels w, w. The tail, or return, wheel

is shown at 7. The direction of the

motion of the loaded cars /, /, /, etc., is
towards the hoisting-shaft, as indicated
by the arrows, and-the direction of the
empty cars ¢, ¢, ¢, etc., is inwards to the

. working face, as shown by the arrows.
In this figure, the similarity of the end-
less-rope haulage to that of the elevator
endless chain and buckets is plainly seen,
and yet there are three particulars in the
mode of action in which the endless-rope
haulage differs from the elevator chainand
buckets.

1. The buckets of the elevator are per-
manently fastened to the chain-belt;
whereas, in the case of the endless rope,
. the cars are only temporarily attached.

2. In the case of the endless rope,
the cars are detached at the hoisting-shaft
end of the loop and passed on to the cage,
and the empty cars from the surface are at-

0
F1G. 860.

© tached to the ingoing side of the rope-band.
® 3. At the tail-wheel end of the rope-
& |® band the empty cars are detached and

sent into the workings to be refilled,
while loaded cars from the workings are
continually being attached tothe outgoing side of the rope



76 MINE HAULAGE. §22

to be carried forwards to the hoisting-shaft. The elevator
chain and buckets are self-filling and self-emptying, while
the cars of the endless-rope haulage are continually in
process of being attached and detached. That is to say,
at the tail-wheel or inner end the empty cars are continu-
ally being detached and the full cars are being attached,
while at the outer or shaft end of the endless-rope band the
full cars are always being detached and the empty cars are
being attached.

2381. Fig. 860 shows an endless rope with a single
band. Sometimes surface haulages of this character extend
for miles over undulating ground. In the mines, however,
it seldom occurs that a single band is sufficient for the entire
haulage of a seam, and, therefore, several deflecting bands
are necessary. When this is the case, the tail-wheel for the
- main or principal band is made to act as a grip or fleet
wheel, and to rotate by suitable gearing another fleet-wheel,
which hauls from the workings the cars coming to the main
band. Therefore, the geared fleet-whecl for the local haul-
age is made so that it can be clutched in and out of action
to prevent needless running when the supply of loaded cars
from any district is not sufficient to keep this secondary
band continually moving. Sometimes the main band is
continued forwards in its advance into the workings, and
deflecting grip-wheels are fixed at the entrances to all the
districts it passes. When this arrangement is used, four or
five deflecting bands bring their contents to onc main band.
The statement of this fact suggests that the cars on the
main band must run at a higher velocity than those on the
branching bands, and, in addition, that the cars on the dis-
trict bands must be set at greater distances apart, because
the main band must run off the cars from all the districts.

Since qualifications of this character are necessary, it is
clear that the relative velocities of the sccondary bands of
rope must be properly adjusted, or the haulage, instead of
being a success, will be a failure. Sufficient has been said
to furnish a general description of the points which give to
the endless-rope haulage its individuality. :
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2382. The conditions under which endless-rope haul-
age can be applied in mines to secure special advantages
must next be considered. .

1. A gravity-plane worked with an endless rope gives
better all-round results than a plane worked with two ropes
and two trains, because with the endless rope there is prac-
tically no limit to the length of the haulage which can be
done by gravity. As was stated previously, when two
ropes are used, the weight of the rope attached to the empty
train at the commencement of the run soon becomes suf-
ficient to counterbalance the weight of the coal.

2. Ordinary gravity-planes can only be made efficiently
self-acting on a down grade for the loaded cars, whereas an
undulating plane with endless rope that alternately pitches
in opposite directions can be made self-acting by gravity, if
it has a general fall sufficient to counteract the friction due
to traction.

3. The united advantages of an endless-rope gravity-plane
are such that it works efficiently wherever the two-rope
system answers, and it works and gives satisfactory results
where the two-rope system fails; that is, on very long planes
and on planes pitching in opposite directions, yet having a
sufficient general fall.

4. The general haulage of a mine can be dorie by gravity
through the medium of an endless rope, where the ordinary
gravity-plane could not be applied.

5. Morc work can be accomplished at a mine by the
endless-rope system than by an engine-plane, because the
‘“‘run back " on an engine-plane is done by gravity, and un-
less the pitch is sufficient to produce a high speed, only a
relatively small amount of work is done, and where the
pitch is considerable, a large amount of work is wasted in
lifting a long, heavy rope.

6. In some cases, where an engine-plane is down grade to
the shaft, and so long that the two-rope gravity-plane will
not act, and engine-power must be employed to assist
gravity,the endless rope will act and give satisfactory results
without the aid of steam-power.
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7. All the haulage that is done by the main and tail rope
system can, where the roof and floor will permit, be done
better and more cheaply by the endless-rope system, because
the work can be run out of all the different districts the
same as with the main and tail rope, yet with a smaller
expenditure of motive power. '

8. Haulage by the endless-rope system is- cheaper on
undulating roads than the main and tail rope, because the
only work expended in the haulage is that of traction and
the gravity of the mean pitch.

9. With the endless-rope haulage, there is no congestion
at the gathering-up stations, and no delays due to several
districts calling for cars at the same time; for the endless
rope secures a continual output of full cars and a continual
income of empty ones to keep the work progressing.

2383. So far, attention has been given to the typical
endless-rope system. There are in practice several modifi-
cations of it, specially intended to adapt it to conditions in
which the double track can not be used, as where the roof
and floor are tender, and can not be kept secure without
risk and great expense. These modifications aim at using
a single track instead of a double one. In this case, the
diffusion of the cars along the tracks must be dispensed
with, and, in lieu of this, several cars are made to run in
trains. For this arrangement to answer with an endless
rope, two special provisions must be made. First, partings,
or pass-bys, must be provided at frequent intervals along the
track; second, automatic grips must be used, so that when a
train enters a pass-hy, the grip that secures it to the rope
is automatically unloosened, and the train stands until a
train moving in an opposite direction reaches the point in
the track that is exactly opposite to that of the train in the
parting. Then the grip of the standing train must auto-
matically reclose, and allow it to move on to the succeeding
pass-by. The pass-by and the automatic grip are only differ-
ent substitutes for securing the advantages of the typical
endless rope with double tracks. These modifications, how-



§ 22 MINE HAULAGE. 79

ever, do not remove, but only reduce the danger and expense
of making and maintaining double tracks, for double tracks
are made at the partings. They are expensive to maintain
and keep in good order, and experience has shown that the
endless-rope haulage with trains and numerous partings is
not only not an improvement on the main and tail rope sys-
tem, but is not, for an all-round haulage, equal to it.

2384. There are two distinct methods of arranging the
ropes for endless-rope haulage. In one of them that has

FiG. 861.

been frequently tried, and has never given complete satis-
faction, the rope is made continuous, both for the main
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roads and the branching roads. To show the meaning of
this, Fig. 861 is introduced. Looking at an arrow at the
bottom of the figure near the letter /, it will be seen that
the rope advances to its utmost limit into the mine, and then
returns. When it reaches the entrance to a district, a wheel
is fixed under the rails at J/ for deflecting the rope into the
district.” It now advances to the return wheel for that dis-
trict, and then comes back, as shown by the arrow on the
left-hand side of the figure. It then returns by the main
haulage-road, as shown by the arrow a little above the letter
1. For running cars into a district shown in the figure, the
empty cars are turned in by the switch at /, which isin
charge of a switch-keeper. The empty cars run on until
they pass over the roller near //,, where the grips are fixed
to the rope. Then they proceed on their journey into the
district workings. In the same way, when cars are return-
ing by the main haulage-road, the connection of the grips .
with the rope is unmade at 7 near the deflecting wheel .1/,
and the cars run with their acquired momentum until they
nearly reach the roller 7 at the left side of the figure; here
the connection is remade, and the loaded cars advance on
their journey to the hoisting-shaft.

2385. The chief disadvantage of this system is, that the
rope undulates so much with the varying tension that the
cars travel unsteadily, and, in consequence, the rope is soon
damaged. The unsteadiness arises from two causes: 1. On
a long lead of rope resting on rollers sixty feet apart, the
vibrations or undulations become deep and rapid. 2. The
amount of elasticity increases with the length of the rope.
These two causes give to the cars the jerky movement that
has just been referred to. The worst of all is, that the
longer this continuous band of rope is made, the heavier the
rope must be for the increased traction, and the jerks due to
such a heavy rope become stronger and more pronounced
in their character than those produced by a light rope.
The system of using a continuous band for a main and dis-
trict haulage is not a good one; this becomes more evident
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when compared with the system in which the haulage is
done with a series of bands. When a district rope breaks, it
only causes a local stoppage, whereas, when a continuous
band breaks, the whole of the mine haulage is interrupted
and stopped until the connection is remade.

2386. The endless-rope system that is worked with a
series of bands is in practice preferable to all others. Its
mode of action is shown in Fig. 862.

For the convenience of explanation, this mode of hauling
is called the multiple-band system. Fig. 862 illustrates the
character of the mechanism by which the secondary or dis-
trict bands are actuated. In the figure it will be seen that
at the junction of the district bands with the main ones, re-
peating fleet-wheels are used; for example, at m, Fig. 862 (a),
the main haulage-band makes two complete turns round that
fleet-wheel, and then continues its onward course. The wheel
d, Fig. 862 (4), around which the main rope passes, drives
the horizontal fleet-wheel » through the bevel-gears g, .

The horizontal fleet-wheel is seen in the plan at the left-
hand side of 2 in the plan of the roads. By this repeating
flect-wheel connection, a separate district band is made to
haul the loaded cars out of A7 along the track /,, and to haul
in the empty cars along the track //,. The levers ¢ and o
are applied to clutch the horizontal fleet-wheel in and out of
gear. When no work is coming out of district 47, the hori-
zontal fleet-wheel is thrown out of gear, and when this dis-
trict haulage is required it is put in gear. The advantage of
this arrangement is that the stress on the rope of the main
haulage-band is greatly reduced, for it seldom happens that
all the district bands are moving at one time.

2387. Where endless-rope haulage is done by one en-
gine, the stress on the main band of rope is very great, be-
cause this rope must sustain the stress due to the whole of
the traction of the mine. Therefore, the rope of the main
bands must be very large and heavy, or otherwise, after it
has been in use a short time, it is liable to break and produce
stoppages and delays of a very serious character. If light
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ropes are used on the main band, waste can be avoided by
taking them off after they have been used a short time, and
using them to do lighter work as district bands. Itis true
that this can be done with heavy ropes, but the waste of
energy due to the use of heavy ropes may be at once per-
ceived when the student recmembers that the weight of these
ropes increases the traction due to friction, and thereby
largely augments the cost of generating the motive pow(rer.
It is, however, evident that if only one engine is employed
for a general endless-rope haulage in a large mine with a
large output, all the difficulties here pointed out are unavoid-
able. They may, however, be prevented entirely, and the
system of haulage may be immensely simplified by using
electric or compressed-air motors, or gasoline-engines, for
working the district bands. By this means, two great ad-
vantages are secured. First, when a district band is not run-
ning, there can be no waste of costly energy, and when the
rope is running the haulage can be done quickly or slowly,
according to the exigencies of each special case, thus saving
a needless waste of power. Besides, the ropes can be of the
lightest character, consistent with economy and efficiency,
and thus the tractive force can be reduced. Perhaps the
following remarks will clearly illustrate the case in question :

Suppose there are 10 bands of rope all connected with re-
peating fleet-wheels; then the main bands are subjected to
the stress due to 10 sectional haulages. Suppose, again, that
all the bands are worked by separate motors; then each rope
will only require a strength sufficient to do its own special
work, which will be one-tenth of the whole. Consequently,
ropes of one-tenth the strength will do the haulage as effi-
ciently as the large rope previously noticed. It is sometimes
urged that transmitted energy is attended with loss. This
is true, but it is far better tolose 25 or 30 per cent. of the
motive steam-power to obtain the advantage of transmitted
energy by which separate motors are used for each band of
ropes, because the tractive force is reduced by the reduction
in the weights of the ropes, and the saving of energy is in-
creased by reducing the velocities of the district bands to a
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speed within the compass of the work to be done. By using
gasoline-engines for the district haulages, however, there is
no loss due to transmitted energy, because the energy re-
quired is generated in the cylinder of the engine.

2388. Extensive systems of endless-rope haulage are
sometimes used on the surface. When, as sometimes is the
case, the track is not less than two miles in length, and a
great weight of coal must be carried over the road, it is neces-
sary that the cars should be set at relatively short distances
apart. The result is that a heavy tractive force falls on the
rope. It can scarcely be urged that, in a case like this, a
continuous lead should be broken for reducing the weight of
therope. In a mine, however, this reasoning does not apply,
because there a single band can not be used, as separate bands
are required for each of the districts into which the mine is
divided, and as the division is imperative, all the advantages
of a multiple haulage can be secured by using separate motors
for each band. To do these separate haulages, however,
electricity or compressed air must be used to transmit en-
ergy, or gasoline-engines must be used. Which of thesethree
plans may be preferred depends upon the conditions met with
in different mines. For example, the transmission of elec-
tric energy would sometimes take precedence. This being the
case, it might be suggested that it would be wise to dispense
with the ropes altogether, and introduce in their stead elec-
tric or compressed-air locomotives. They could not, how-
ever, be used in a large mine with a large output, because
the trains running in and out of the different districts would
interrupt one another’s free passage, and cause great delays
in the contracted roads of a mine, or in mines where the
‘haulage is very long, and principally on one or two roads.
The same may be said of compressed-air locomotives. Lo-
comotives have their place in small mines, but for a large
output, in a large mine with a number of districts, no system
of haulage has yet been introduced that furnishes equal facil-
ities with that of the endless rope. It does its work cheaply
and efficiently within the limits of the ordinary working
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hours. Locomotive haulage in large coal-mines worked in
numerous districts is altogether out of the question, but elec-
tric or compressed-air motors or gasoline-engines for the
main and district haulage give to the endless-rope system
merits that are unobtainable by any other means.

2389. Before considering the mathematical questions
that arise in reference to endless-rope haulage, there are
certain details in the appliances of the system that are
worthy of attention, and should be somewhat comprehensive-
ly understood by the mining student. These will now be
described.

TAIL OR RETURN SHEAVES.

2390. As previously stated, tail or return sheaves are
fixed at the inner ends of the tail-rope haulage-roads for
reversing the direction of the rope and leading it back to
the hauling-drum. Similar sheaves for the same purpose
are used for the various bands of an endless-rope haulage
system, but in this case the sheaves are mounted on cars,
and are known as tension or balance cars. Their mode of
action will, however, be taken up under a separate head.

2391. Fig. 863 shows a horizontal tail-sheave which
may be used for the engine-plane or tail-rope systems.
The cast-iron spider #z is firmly bolted to the timbers shown,
and is provided with a steel or wrought-iron pin 7, around
which the sheave o revolves. That part of the pin which
passes through the spider has a smaller diameter than that
which passes through the shecave, so that, by screwing up
the nut, it is firmly held in the spider without clamping the
hub of the sheave, and, therefore, offers no resistance to
the free turning of the sheave. To prevent the sheave from
coming off, and to keep dirt from entering the bearing, the
pin is provided with a nut and washer p. For properly
lubricating the sheave, the pin is provided with an oil-cup ¢,
the oil from which flows through the hole of the pin, as
shown by the dotted lines.

The sheave should be rigidly anchored, so that there is no
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possibility of it becoming loose under a heavy load. The
best method of doing this is to bolt the spider to a masonry

FiG. 863.

foundation built especially for it. This, however, is not
always possible, owing to varying conditions; and even if it
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were, it would be too expensive, unless the system were to
be a permanent one.

In the figure is shown a common method of anchoring a
sheave. Here the foundation is built of 12" X 12’ timbers,
to which the spider is bolted, the bolts passing through both
timbers as shown. At a distance of about three or four feet
from the sheave is firmly secured in the ground, at an angle,
two timbers @ and &, to which the sheave is tied by the rods
b and 4. One end of each of these rods passes through the
upper foundation timbers, and the other through a 12" x 12*
timber ¢ placed on the outside of the two timbers @ and a.
The ends of the rods are supplied with nuts and cast-iron
washers. For preventing the rope from falling off the
sheave when it becomes slack or when the stress is removed,
two timbers & and & are firmly fastened in the ground close
to the sheave.

2392. Tail-sheaves are sometimes arranged as shown
in Fig. 864. Here, the sheave O is in a vertical position

F1G. 864.

and revolves in bearings a placed on each side. It isfirmly
bolted to a strong rectangular frame & made of heavy
timbers. The sheave is elevated a certain height by a
wooden structure consisting of timbers ¢ and ¢, rigidly fast-
ened between the bottom and roof of the entry, and the
horizontal timber &, as shown. This sheave is anchored by
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rigidly fastening a post ¢ at an angle, and wrapping one end
of a chain f several times around it, the other end of which
is fastened by means of an eye-bolt to the frame-timber &.

2393. In Fig. 865 is shown another method of anchor-
ing a vertical tail-sheave. Here, two heavy timbers a, which

are strengthened by braces 4, are rigidly fastened in a ver-
tical position on each side of the sheave. The joint formed
by the timbers and braces should be so made that there
will be no liability of the brace slipping when under a great
stress. This may be done as shown in the figure. The
bolts which hold in place the bearings ¢, in which the sheave
revolves, pass through the vertical timbers and the braces &.

R

F1G. 865.
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By making the joint as shown, the bolts are wholly re-
lieved from vertical stress due to the brace .

2394. When it becomes necessary to place the tail-
sheave directly under the track, the arrangement shown in
Fig. 866 is generally used. A pit L of sufficient depth is
provided, in which the tail-sheave O is placed. At a distance

F1G. 866,

of about 30 or 35 feet from the tail-sheave is located a de-
flecting or guide sheave /. The rope, in coming along the
center of the track, is deflected by this sheave, and then runs
around the tail-sheave as shown. ‘

2395. Tail and deflecting sheaves, around which a rope
of 19 wires to the strand is to be run, should have a diameter
of not less than 60 times the diameter of the rope; if the rope
has 7 wires to the strand, its diameter should be not less
than 100 times the diameter of the rope.

2396. When locating guiding or deflecting sheaves
around which a rope is to be led, it is best to locate them in
such a manner that the angle formed by the two parts of the
rope which pass areund the sheave is as large as possible,
since the greater the angle the smaller the stress on the
bearings in which the sheave revolves. That this state-
ment may be clearly understood, reference should be made
to Fig. 867, which represents an engine-plane. Here the
engine is located at A and the cars are at B. Inorder to pull
the cars in the direction indicated by the arrow (and for
other reasons), it was necessary to locate three sheaves, as
shown in the figure.

Assume that the resistance offered by the cars is 5 tons;
then, neglecting the friction of the sheaves and the rope,
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the tension in all parts of the rope will be 5 tons. To deter-
rin~ *halnad an the nin of the sheave C. around which it

it Gy,

revolves, proceed as follows: To move the cars 5, a force of
5 tons must be applied to the part a & of the rope in the
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direction of the arrow ¢. There is also a force of 5 tons act-
ing in the portion of the rope in the direction of the arrow f
due to the resistance of the cars. The sheave (, owing to
these two forces in the rope, tendsto move towards / on the
line g/, but, as a matter of course, is prevented from doing
so by the pin around which it revolves, and by the anchor-
ing. The force which tends to move the sheave C towards/
along the line g/ may be found by producing the center
lines of the portions @ 4 and & ¢ of the ropes until they inter-
sect at g&. To any convenient scale, lay off from the point
of intersection g the points % and ¢ on the portions of the
rope @ # and 4 ¢, respectively, each equal to 5 tons. Through
the point % draw the line % / parallel to the portion of the
rope d ¢, and through the point 7 draw the line 7 / parallel
to the portion of the rope @ &; then, draw the diagonal g/
of the parallelogram. This diagonal is the resultant, and
represents the greatest force acting on the sheave (.
Measuring it to the same scale that has been used to lay off
the forces g % and g ¢, respectively, its value is found to be
94 tons. This 94 tons represents the pressure on the journal
and on the bearing of the sheave, and is nearly twice the
stress in the rope. The pressure acting on the sheaves D
and £ is found in a similar manner.

In ascertaining the pressure on the sheave D, the direction
of the stress in the portion of the rope £ & must be consid-
ered as acting from £ towards 4 a, as shown by the arrow /;
that is, it must be regarded as being produced by the resist-
ance of the cars. The direction of the stress in the portion
of the rope g’ g’ due to the pull of the engine is from g’
towards g*, or in the direction of the arrow 7. Construct-
ing the parallelogram of forces as above, and remembering
that the tension in the rope still remains five tons, the re-
sultant is g’ /', and measuring it to the same scale as has
been used to lay off the forces g’ 7' and g’ /', respectively,
it is found to scale 6} tons, a result considerably less than in
the case of the sheave C. It will also be noticed that the
angle ¢ g' /', formed by the rope led around the sheave D, is
considerably greater than the angle / g 7 formed by the rope
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at the sheave C. In a similar manner is found the resultant
stress g’ /’ on the sheave £; measuring it to the scale used
to lay off the force g’ 2" and g" 7", respectively, it is found
to equal about 5.56 tons. Ina similar manner the resultant
stress on any sheave may be found. It mattersnot whether
the sheave be placed in a vertical, horizontal, or angular
position.

The above results indicate the best method of placing the
spiders to resist the stress on the sheave; namely, as shown
in the figure, with the long side of the timbers which sup-
port the spider parallel to the resultant g/, ¢'/’, or g’ /".

From the above, it is quite evident that a sheave may be
used very satisfactorily in one place and not at all in an-
other. Thus, referring to Fig. 867, a sheave placed at £
would be subjected to a load of only 5.56 tons, while, if it
were placed at C, it would be subjected to 94 tons, or would
have about double the load on it. The sheave piaced at £
could be considerably lighter than the one placed at C.

TENSION, OR BALANCE, CARS.

2397. A new wire rope permanently elongates or
stretches, on account of the twist of the strands, from about
1 to 14 per cent. of its total length. Thus, a rope 1 mile, or
5,280 feet, long of an endless-rope haulage plant will con-
tinually become longer until it obtains a length of about
5,280 + 5,280 x .015 = 5,359.2 ft., or it increases in length
about 79.2 ft. There will be a continual variation in the
length of the rope dueto the temperature of the atmosphere,
which will cause the rope to expand or contract. A steel-
wire rope will expand or contract .00000599 of its length,
and an iron-wire rope .00000686 of its length, for each
degree of change in temperature; hence, if the above rope
were of steel, it would be 5,359.2 X (100 — 32) X .00000599 =
2.183 ft. longer in summer when the thermometer stands
at 100° than in winter at 32°; and an iron-wire rope would
be 5,359.2 X (100 — 32) X .0000068G = 2.5 ft. longer. Were
no provisions made for this increase and decrease in the
length of the rope, the rope would be slack at one time
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\\

.

and tight at another,
and if the rope were led
around a fixed tail-
sheave, as in the case
of the engine-plane and
tail-rope system, it would
fall off the sheave. Be-
sides, when the rope is
slack the required ad-
hesion of the rope to the
driving-drums can not
be secured with which to
haul the load. Arrange-
ments by which the rope
is always kept in a tight
state are called tension,
or balance, cars. An
arrangement used for
this purpose should oper-
ate automatically, so that

F1G. 868.
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at no time will
the rope be in a
slack state. A ten-
sion, or balance, car
is shown in Fig. 868.
The sheave is fastened
to a movable carriage A,
consisting of a spider pro-
vided with wheels. To the
carriage is fastened one end
of the chain (, the other end
being fastened to a small drum
5. In a pit near the balance-car
is located a weight 117, by which a
tension is maintained in the wire
rope, and which always tends to move
the car towards the right.  The weight
is hung to a wheel /) which runs on the
chain C, the chain being led over the
deflecting sheave /Z. On the shaft
carrying the drum 77 is rigidly fastened
a worm-wheel / meshing with a worm
G, and operated by a hand-wheel A.
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After the wire rope has expanded enough to cause the weight
WV to hang quite low in the pit, the weight is raised by
turning the hand-wheel A, which causes the drum to revolve
through the intervention of the worm and the worm-wheel,
thus shortening the chain C. The weight W in this case
has a movement of only one-half that of the carriage, but
must be twice as heavy as one that simply hangs at the end
of the chain. The rails on which the balance-car travels
should be turned up at their ends, as shown in the figure,
so6 as to form an obstruction beyond which the car can not
pass. It is well to have a second rope or chain lying loose,
having one end fastened to the car and the other to the
drum B, so that in case the first breaks the second takes its
place.

2398. In Fig. 869 is shown another arrangement of a
tension-car. A heavy car carrying the sheave is placed on
a short inclined plane. The rope coming along the center of
one track is carried over the deflecting sheave A4, then passed
around the sheave of the balance-car, and is then led back
over the road. The inclination of the plane and the weight
of the balance-car are such that the proper tension in the
rope is maintained by the tendency of the car to descend
the plane; any expansion or contraction of the rope is
immediately taken up by the car.

2399. When it is required to provide tension arrange
ments for the expansion and contraction of the rope only,
the permanent stretch of the rope being taken up by other
means, the arrangements shown in Figs. 870 and 871 may be
used. In Fig. 870, the rope is led over two sheaves 4 and
B, firmly held by suitable supports. In the center, between
these sheaves, is erected timber-work, so constructed that a
third sheave C can work up and down. The sheave C has
a weight W hung to it, and therefore causes a tension in the
rope. When the rope expands, the sheave C and weight IV
descend, and when it contracts they ascend.

In Fig. 871 a somewhat different arrangement is shown.
Here, cast-iron standards having suitable bearings are
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provided for thesheaves 4 and B. Atthe upper extremity of
the larger standard is located a lever C, carrying a sheave D

FiG. 871.

at one end and a counterpoise }/ at the other. The counter-
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poise is so constructed that it can be moved along the short
arm of the lever, so that the tension in the rope can be
properly adjusted.

2400. The rope of an endless-rope haulage system
should always be led around a tension or balance car located
at the far end of the road. Sometimes the rope is led around
a tail-sheave firmly fixed, no means of a uniform tension in
the rope being provided for. This is altogether wrong, and
should not be practised. ,

A tension-car should always be placed close to the driving
machinery. This is very essential for the proper working
of the system, as otherwise it would be impossible to secure.
the requisite adhesion of the rope to the drum in order to
haul the load. The slack or running-off portion of the rope
should always be led around the sheave of the balance-car,
for the slack can not be taken up on the loaded side.

CABLE-GRIPS FOR ENDLESS-ROPE HAULAGE.
2401. Fig. 872 furnishes an illustration of the mode of
attaching a car to a cable in an endless-rope haulage system.

Fi1G. 8.

The grip, it will be seen, is coupled by a bar 4 to the car.
At the moment the coupling is made, the lever « is lying
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down on the coupling-bar 4, so that, when « is raised, the
jaws of the grips close, and immediately the car advances
with the cable. To disconnect the car, the lever a is pushed
down, the jaws are released, and the car is brought to rest.
Sometimes, however, its momentum must be destroyed by
inserting sprags in the wheels.

2402. One of the simplest of the grips is the old-fash-

ioned grip-tongs shown in Fig. 873. It consists of two jaws
a and b, having handles a’ and &' respectively. The jaws

FiG. 873,

are held together by a pin ¢, having a nut on its other end.
That part of the pin which passes through the handles is of
smaller diameter than the part to which the chain & is fast-
ened. A shoulder, therefore, is formed on the pin which
prevents any side movement of the jaws. The grip is fast-
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ened to the car by the chain &, the hook being attached to
the draw-bar of the car. The jaws -of the grip have a
crescent shape, so that the cable can be held between
them. The friction between the jaws of the grip and the
cable being greater than the resistance of the car, the latter
is moved along with the speed of the cable. To obviate the
necessity of continuously holding the jaws together so as to
haul the load, a link ¢ is wedged over the handles. Not-
withstanding that this grip is very simple in construction,
it is found to be very cumbersome; it can only be used for
hauling light loads. ’

2403. Where heavy loads are to be hauled, it is neces-
sary that the construction of the grip be such that a greater
pressure can be exerted on the cable by the jaws of the grip
than in that shown in Fig. 873. A grip which will do this,
and one which is extensively used, is shown in Fig. 874.

F1G. 874,

This consists of two plates or frames 7z and 7 bolted together.
Each frame has on its inner side a channel; these lie oppo-
site to each other, forming a recess in which the shank 4 of
the upper jaw o can slide up and down. The lower jaw p
is part of the frame m, and, therefore, remains stationary
in relation to the frames m and ». Between the upper
extremities of the frames is provided a lever 7 for operating
the sliding-jaw 0. This lever has trunnions s and s’ which
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work in bearings ¢ and 7' fitted to the frames. That end or
part of the lever which works between the frames is of such
a shape that, when the lever is swung over to the opposite
sides, it forces the jaw 0 downwards, and causes it to grip the
cable firmly. After the jaws o and p are worn, so that the
pressure required to haul the load can not be secured by
swinging the lever r to the opposite side, the end of the
lever between the frame is lowered by forcing the bearings
¢ and ¢ downwards by means of the set screws u, #, after
which the cable can again be gripped firmly. To cause the
jaw o to clear the cable after the grip has been released, a
pin 7 is fastened to the shank 4 of the jaw o, which projects
through an elongated hole ¢ in the frame. Firmly secured
to the lever 7 is another pin @, and to the frame # is pivoted
a bell-crank x, having the upper edge of the arm, which is
nearly perpendicular, inclined. As the lever7is raised to a
vertical position, the jaw o is moved downwards, also the pin
7, thereby causing the bell-crank x to swing on its center.
In returning the lever 7 to its original position, the pin w
strikes the nearly perpendicular arm of the bell-crank .,
causing it to take the position shown in the figure, thereby
raising the jaw o by the pin #. The grip is made of steel,
excepting the jaws o and p, which are lined with soft metal;
these, when worn out, can easily be replaced. This grip is
fastened to the car by a rod having a hook at one end, part
of this bar being shown at y.

2404. When the cars are run singly, each car must be
provided with a grip; but if they are run in trains, a power-
ful grip may be attached to the first car, or the grip may be
mounted on a special car, to which the whole train of cars
may be attached. The special car carrying the gripis called
the grip-car, and the grip is applied to the rope by either a
combination of levers or a hand-wheel. In Fig. 875 is
shown a grip-car, which consists of a strong timber-frame
mounted on wheels. The grip is fixed in the center of the
car in such a manner that no longitudinal movement can
take place; it may, however, be moved sideways automatic-
ally, in order to clear the guiding-sheaves when passing
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around curves. The car is provided with brakes 4 and &
for stopping the car more quickly, and to prevent any move-
ment of the train on slight inclines when the grip is released

=07 3/7@@% 7

from the rope. The grip is operated by the lever ¢, and the

brakes by the lever & ; it is placed sufficiently high to clear

the track-rollers. -

CALCULATIONS RELATING TO ENDLESS-ROPE HAULAGE.
2405. The Number of Cars and the Distance

They Are Set Apart on a Main Haulage-Band.

Let O = the output of coal in tons per day; -

o = the weight of coal in tons a single car will carry;

o, = the weight of coal in the cars attached to the
haulage-band;

D = the distance traveled by a point in the rope in
one day;

d = the distance traveled by the rope from the return
sheave to the hoisting-shaft;

n = the number of full cars on the main-rope band;

r = the distance between cars on the rope,

Then, 0,= 01)1’ (206.)
0d

=22 (207,

r= g (208.)
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To understand these expressions, notice that if & is the
distance a point in the rope moves through in passing from
the return wheel to the hoisting-shaft, and that_if D is the
distance a point would move through in a day, supposing it

always to be traveling shaftwards; then, g will represent
the fraction of the coal hauled in one outward journey of
_od

the point; that is, o, =7

Again, n = %, because if the weight of coal hauled in one

journey is equal to o,, and ¢ is the weight of coal one car will

o,
carry, then - 5 ! is equal to the number of loaded cars on the

rope, for the rope will throw off at the shaft that number
for each distance.

d 4 .
Hence, 2 = 9ad and 7 = (;, the distance the cars are apart

Do
on the rope, for if & is the distance from the return sheave
to the bottom of the shaft, and # is the number of cars on

. d .
the main rope, - must be equal to the distance the cars are

apart.

ExaMpLE.—It is intended that the output of a mine shall be 8,000
tons of coal per day. The length of the road from the return wheel to
the shaft is 6,600 feet, the amount of coal acar carries is 1 ton, the
velocity of the rope is 3 miles an hour, and the time of one day is
10 hours. If the mean time of running, when allowance is made for
stoppages, is 90 per cent. of the given working day, what will be the
number of loaded cars on the main haulage-band, and what will be
their distances apart, the weights being given in long tons?

SoLuTioN.— O =2,240 X 3,000 = 6,720,000 1b.; 0 = 2,2401b.; & =
6,600 feet; D = 5,280 X 3 X 10 X .90 = 142,560 ft. Hence, by substi -
tuting these values in formula 207, we have

_0d _ 6,720,000 x 6,600
Do~ 142,560 X 2,240
the average number of cars on the main-rope band. Ans.

From formula 208,
d 6,600

y = 7 = 155868 = 47.52 ft.,

the mean distance the loaded cars are set apart on the rope. Ans.

= 138.888, or 139,
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2406. To realize the meaning and value of the equa-
tions in the last example, consider another example similar
to the last, except that the length of the main band, or what
is the equivalent of that, the length of the main haulage-road,
is changed. Under such conditions it will be found that,
although the length of the band is shortened and the num-
ber of cars on it is less, the distance they are apart is the
same.

ExaMPLE.—Suppose that in the example given in Art. 2408 the
length of the road from the return wheel to the shaft was 3,300 feet,
instead of 6,600 feet, what would be the number of loaded cars on the
main haulage-band, and how far apart would they be placed ?

SoLuTioN.—Applying formula 207, we have

Od 6,720,000 X 8,300
"= = 143,560 X 2240 = 69.444 =
average number of cars on the main-rope band. Ans.
Also, by applying formula 208, we have

d _ 3,300 _ _
r=t =g =Lt =

the distance the loaded cars are apart on the rope. Ans.

From the above example, it is plain that, by halving the
length 4, the number of cars on the rope is halved, and yet
the distance the cars are apart remains the same. From
these facts an important point is learned; that is, that if
none of the factors are altered but the length, a long band
delivers as many cars at the hoisting-shaft as a short one.
That is, if the cars are set at the same distances apart on
the rope, and the velocity remains the same, the output is
alike for all distances. This principle of action is the same,
however, in relation to gravity-planes, engine-planes, and
main and tail rope haulages; for if the lengths of the trains
are made proportional to the lengths of the haulage roads,
then with the same velocity equal weights are hauled to the
shaft in equal times. Consequently, when the length of the
endless-rope haulage is doubled, and the number of cars on
the band is doubled, and where the length of a main and
tail rope haulage is doubled, and the number of cars in a
train are doubled, if the velocity remains the same, the out-
put will be the same in equal times in each case.
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2407. The Weights of Haulage-Ropes in Rela-
tion to Thelr Velocities.—For cqual outputs in equal
times, the weights of the haulage-ropes vary inversely as the
velocities. For example, when the velocity is doubled, the
weight of the rope is halved, for two reasons: (1) the safe
working loads of ropes vary directly as their weights; (2)as
the velocity of arope increases, the load on it is reduced; that
is, when equal amounts of work are done in equal times.

Let /= the load or tension in the rope;

v = the velocity;
u = the units of work done.

Then U= [ . (2090)

ExaMPLE.—In one case a tension of 4,000 pounds on a haulage-rope
is required to move a train of 25 loaded cars with a velocity of 20 miles
an hour, and in another case a tension of 8,000 pounds is required to
move 50 loaded cars with a velocity of 10 miles an hour. Prove that if
the diameter of the rope that hauls with a velocity of 20 miles an hour
is 1 inch, the diameter of the rope that hauls with a velocity of 10 miles
an hour must not be less than 1.414 inches.

SoLuTioN.— 4,000 X 20 = 8,000 X 10; therefore, {/ in one case is
2qual to that of the other.

Again, as the tension on a rope is equal to the load, and as the safe
~orking load of a rope varies as its transverse or sectional area or its
weight per unit of length, it follows that the diameters of ropes will
vary as the square roots of the loads or sectional areas. Then, if the
diameter of the rope for a load of 4,000 pounds is 1 inch, the diameter
of the rope for a load of 8,000 pounds will be

8,000
4,000

This means, also, that if equal weights of coal are hauled
in different numbers of trips through equal distances in
equal times, the diameters of the ropes vary inversely as
the square roots of the numbersof trips. To make this
clear, suppose one engine /1 hauls out four trips while an-
other B hauls out one, and thatin 10 hours they both haul
out 1,000 tons through a distance of 5,000 feet; then the
tension on the 4 rope is only one-fourth of that on the A
rope, because A's load is only } that of B’s. Therefore, the

diameter of A’s rope requires to be only 4 that of B's, be-

cause 4/} =.5.

= 1.414 inches. Ans.
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2408. From the conclusions here arrived at, it might
be considered that fast running would secure considerable
economy in hauling, for not only would the traction due to
the friction of a heavy rope be reduced by hauling with one
of much less weight, but first cost of ropes would be much
reduced. But such is not the case, because another factor
of stress is introduced by high speeds that is hardly felt in
low ones. For example, when an endless-rope haulage is
done with a velocity of even four miles an hour, the ropes
soon become kinked, flattened, and permanently injured by
the grips. To start a heavy car froma state of rest, and
give it a velocity of 4 miles an hour, greatly strains the rope;
therefore, for this velocity, ropes must be made larger than
those required for the stressdue toordinary traction. Some
idea of this stress may be obtained by noticing that it varies
as the square of the velocity. The stress due to starting a
car in motion at 4 miles an hour is equal to the square
of 4, or 16, as contrasted with the stress due to starting one
with a velocity of 3 miles an hour, which is equal to 3* = 9.
To further show the importance of thisstress, let an endless-
rope haulage be run at 6 milesan hour; for this speed, the
number of cars on the rope in a given distance would be
half the number required to be put on a rope moving with a
velocity of 3 miles an hour. Then, from this point of view,
the diameter of the rope subject to half the former load
would for a velocity of 6 miles an hour be reduced to
¥ =.707 of its original diameter.

On the other hand, the stress due to setting the cars
suddenly in motion on a 6-mile velocity, as contrasted with
a 3-mile velocity, would be as the squares of the velocities;
consequently, if the diameter of a rope for a 3-mile veloc-
ity were one inch, that for a 6-mile velocity would be

. 2
@'x g—‘ = 2.828 inches, assuming that the tension on the

rope due to traction is equivalent to the energy reqhired
to suddenly set a car in motion from a state of rest to that
of a velocity of 3 miles an hour.



106 MINE HAULAGE. 8 22

2409. From what has been shown, it is evident that
the velocity at which the cars should run on an endless-rope
haulage requires calculation. For example, if an endless
rope has a velocity of 4 miles an hour, the damage done to
the ropes by the grips is very seriors; but there are other
troubles that require notice. In the first case, it is not safe
for a person who is inspecting the road to cross a double
track of this character. Again, the cars leave the rope at
too high a velocity, and are, therefore, not sufficiently under
control at the period when they are detached. The best
results of the endless-rope haulage are obtained with a veloc-
ity not exceeding 2 miles an hour; for then persons having
to work on the tracks, such as oiling the rollers, inspect-
ing the roof, sides, and timber, and doing the necessary
inspection and repairs of rails, ties, etc., are able to take
care of themselves. This is an important matter, for great
delay and expense is saved by proper inspection and repairs.
It is true that a velocity of 2 miles an hour necessitates the
use of heavier ropes for traction; but the damage to ropes
produced by the car-grips is reduced to a minimum, and,
indeed, becomes so small a matter that in practice its con-
sideration may be neglected.

2410. These remarks refer to underground haulage,
but on the surface a velocity of 3 miles an hour may be used
with good results. This velocity should never be exceeded on
a typical endless-rope haulage, even on the surface. Run-
ning trains of a number of cars together with endless rope
is not worthy of much consideration; for if the student con-
siders the heavy weights being suddenly jerked into motion
by the rope, he will have some idea of the great destruction of
ropes that must arise from an inert resistance of thischaracter.

2411. Inthe English mines, the endless ropes generally
lie on the tops of the cars, called tubs; in the United States,
the ropes generally lie under the cars, and, in cases where
this system of haulage is modified for hauling groups of cars
in trains, the ropes are sometimes gripped to the sides of
the cars.
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2412. Tension on the Ropes and the Horse
powers of Endless-Rope Haulages.

Let I/ = the weight of the loaded cars on one side of a rope
band;
w, = the weight of the empty cars on the ingoing side
of a rope band;
w = the weight of a rope band;
C = 2y = the coefficient of friction;
a = the mean grade per cent. ;
7T = the tension in the rope in pounds.

The following expression is the equivalent of the tension
on the haul-out side of the rope, and it is true for the same
side of all the bands in the series:

7= (_”_’i%“L_‘) +a(W—w). (210.)

Observe that the weights of the cars carrying the coal are
balanced by the weights of the empty cars. Again, the
weight of the rope on one side of the band is balanced by
the rope on the other side of it, and, therefore, the only
weight that develops a gravity force is that of the coal;
hence, in equation 210, a (/W — w,) represents the gravity
force.

ExaMpPLE.—The track of a single endless-rope haulage-band is
1 mile in length, and the rope hauls out 800 long tons of coal in
10 hours. The cars carry 1 long ton of coal, and an empty car weighs
1,760 pounds. The velocity of the rope is 2 miles an hour, and the
size of the rope is such that it weighs 2 pounds per foot of length.
What is the tension on the rope and the horsepower of the hauling-
engine, supposing the mean grade of the road to be level ?

SoLuTION.— O, the output, = 800 X 2,240 = 1,792,000 1b.; o, the
weight of coal carried by one car, = 2,240 1b.; 4, the length of the
track, = 5,280 ft. ; D, the travel of the rope in 80 per cent. of 10 hours, =
5,280 X 2 X 10 X .90 = 95,040.

Applying formula 207,
O0d 1,792,000 X 5,280
Do~ 95,040 X 2,240

W =44.44 X 4,000 = 177,760 1b.; w, =44.44 X 1,760 = 78.214.4 lb.;
and w = 5,280 X 2 X 2 = 21,120 1b.

”n= = 44.44, the number of loaded cars.
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Applying formula 210,

e (—”’_,_::),, + w) b a(W— )= (177,760 + 78‘.1%14.4 + 21,120) +0=
6,927.36 Ib., the tension required. Ans.

Observe that the expression a(H# — w,) becomes 0 in this case,
because the road is level, which makes a = 0.

Again, the horsepower can be found as follows:

2, the velocity in feet per minute = 5__286(:’X 2 =176 ft.

Substituting in formula 202,
Tw _ 6,927.36 X 176
33,000 — 33,000
ExaMPLE.—Let the given values be the same as in the previous
example, except that the road has a mean up grade to the shaft of
2 per cent. The tension on the rope and the horsepower of the haulage-
engine is required.
SoLuTioN.—Applying formula 210,
7 ’
7‘=.(”_+;‘{’)i7_‘)+ a(W—w)=

(77,700 + TR 2144 + 21,120) | 49 (197,760 — 78,214.4) = 8,918.27 1b.,

40
the tension required. Ans.

H= =86.95 H. P. Ans.

Applying formula 202,
Tz _ 8918.27x 176
33,000 — 33,000
the horsepower required. Ans.

ExaMpLE.—Let all the values be the same as in the first example,
except that the road is down grade to the shaft at the rate of 2 per
cent. Find the tension on the rope and the horsepower of the engine.

SoLuTioN.—Applying formula 210,

7‘=(”/+7ﬂ——'l +@—-¢I(I’V—w,)=

10
e L oo
(77100 4+ 78,944+ 21120 _ 02 (177,760 — 78,214.4) = 4,936.45 Ib. =

the tension required. Ans.

Here the gravity force a (47— w) is minus, because it acts towards the
engine.
Applying formula 202, .
_ Tov _ 493645x176 _ .

H= 33,000 = 33000 = 6.33 H. P., the required horsepower.
Ans.
ExaMpLE.—AIl the values for a main haulage-rope band are the
same as those given in the first example, and, like it, the track is level,
and, therefore, the tension due to that rope alone is the same as first
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found, namely, 6,927.86 pounds. Two districts bands 4 and 7, how-
ever, deliver in the present case to the main band; the band 4 hauls
out, along a track 769 feet long, § of the 800 tons. This road hasan
up grade to the main road of 8 per cent. The band B hauls out § of
the 800 tons, along a road 2,312 feet in length, with a down grade to
the main haulage-band of 4 per cent. What is the tension in the 4
and B ropes? What is the total tension on the main rope? Whatis
the required horsepower to do the haulage, if the rope on the band 4
weighs .88 1b. per foot, and the rope on the band B weighs 1.2 Ib.?

SoLuTIoN.—First find the number of loaded cars on the 4 band.

O =800 X § X 2,240 = 716,800 1b.; 4 =769 ft., and D =5,280 X 2 X
10 % .90 = 95,040 ft.

Applying formula 207,

_O0d _ 716,800 X 769
Do T 95,040 X 2,240
2.589 = the number of loaded cars on the band 4.

To find the tension in this rope, formula 210 is applied.

W = 4,000 X 2.580 = 10,356 1b. ; w, = 1,760 X 2.589 = 4,556.64 1b. ; and
w="T69 X2 X .88 =1,853.44 Ib.

Then, r=Wrmtw)

(10,358 + 4,656.64 + 1.358.44) +.08(10,856 — 4,556.64) =

+a(W—'wl)=

10 580.63 1b.,
the tension in the 4 band. Ans.

Next, the number of loaded cars on the 2 band is found by again
applying formula 207. Inthiscase, O =800 X } X 2,240 = 1,075,200 1b. ;
d=2,312 ft., and D = 5,280 X 2 X 10 X .90 = 95,040 ft.
0d _ 1,075,200 x 2,812
Do~ 795,040 X 2,240
cars on the band 5.

The tension in this band is also found by formula 210.

W =11.6767 X 4,000 = 46,706.8 1b. ; w, = 11.6767 X 1,760 = 20,550.992
Ib., and w = 2,312 X 2 X 1.2 = 5,548.8 1b.

Then, T= ( I/V_—#-{uo,-i-_'w)

(46,708.8 + 20,550.992 + 5,548.8)

Then, 7= = 11.6767 = the number of loaded

—a(W—w)=

0 —.04 (46,706.8 — 20,550.992) = 773.93,
the tension required for B. Ans.
Here the gravity factor is minus again, because it works with the
engine. The total tension in the main rope is 6,927.36 + 580.65 +
773.93 =8,281.94 Ib. Ans. : '
Finally, applying formula 202,
Tv 8,281.94 X 176
H= 33,000 — 33,000 =417,
the total horsepower required to run the engine. Ans.
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GENERAL APPLIANCES.

WIRE ROPES.

2413. Having considered the different methods of
haulage, we will now give a description of the various appli-
ances more or less common to all of the above systems,
and which have not already been considered in detail.

2414, The wire rope used in mine haulage is usually
made of six strands of iron or steel wires laid around a cen-
tral core of hemp. Each of these strands is made up of
either 7 or 19 wires, and, therefore, a wire rope is made up
of either 42 or 114 wires, the final size of the rope depend-
ing upon the size of the wire used. It is evident thata one-
inch rope containing 42 wires must be made of larger wires
than a one-inch rope containing 114 wires. The former
rope, on account of the larger size of the individual wires, is
well adapted to service involving much wear; while the latter
rope, being made of smaller wires, is more pliable, and is
thus adapted to service in which the rope is required to do
much bending. Thus, in the tail-rope system, the main rope
has 7 wires to the strand, and the tail-rope 19 wires to the
strand. Ropes are made with either a short or a long twist,
according to the use for which they are intended. Ropes
with a long twist work smoothly over the rollers and sheaves,
and stretch but little, thus adapting them for tail-ropes.
The short twisted rope is much more elastic, and should be
used where the rope is liable to sudden jerks, as in the case
of main ropes on engine and tail-rope planes. The short
twisted rope in such a case acts as a sort of a spring, and
stands without injury a shock which would break the more
rigid long twisted ropes. The lay of the wire is generally op-
posite to the lay of the strands, although a rope has been
recently introduced with the lay of both strands and wires
in the same direction.

2415. A style of rope known as locked-wire rope has
been introduced by some manufacturers. This rope has a
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smooth surface approaching that of a round bar, in conse-
quence of which it wears longer than the ordinary ropes, and,
besides, does not wear out so quickly the wheels over which
it is led; it also has a greater strength than the ordinary
wire ropes, but has one disadvantage, in that it can not be
spliced.

2416. The strength of the ordinary wire rope is about
75% of the strength of the individual wires composing it, the
wire losing about 25% by bending. The working strength
of a wire rope may be taken at from one-fifth to one-seventh
the breaking strength.

2417. Tables 46 and 47 give the diameters, weights, and
breaking loads of iron and steel wire ropes of six strands
wound around a hemp center, having 19 and 7 wires to the
strand.

TABLE 486.

IRON AND STEEL WIRE ROPES, 19 WIRES TO THE STRAND.
Diameter | Weight in Breaking Load in Tons of 2,000 Lb.
in Inches. | Lb. per Ft.

Iron. Cast Steel. | Plow Steel.
3 0.35 3.48 7.00 10.00
% 0.44 4.27 9.00 13.00
8 0.60 5.13 12.00 18.00
3 0.88 8.64 18.00 27.00
% 1.20 11.50 25.00 37.00
1 1.58 16.00 33.00 47.00
13 2.00 20.00 42.00 60.00
11 2.50 27.00 62.00 ©5.00
18 3.00 33.00 63.00 90.00
13 3.65 39.00 77.00 110.00
1 4.10 44.00 86.00 123.00
13 5.25 54.00 106.00 157.00
2 6.30 65.00 125.00 189.00
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TABLE 47.

IRON AND STEEL WIRE ROPES, 7 WIRES TO THE STRAND.
Diameter | Weight in Breaking Load in Tons of 2,000 Lb.
in Inches. | Lb. per Ft.

Iron. Cast Steel. | Plow Steel.
3 0.31 2.83 6.00 9.00
s 0.41 4.10 8.00 12.00
§ 0.57 5.80 11.00 16.00
H 0.70 7.60 14.00 21.00
3 0.88 8.80 17.00 25.00
3 1.12 12.30 22.00 33.00
1 1.50 16.00 30.00 45.00
13 1.82 20.00 36.00
1} 2.28 25.00 44.00
18 2.77 30.00 52.00
14 3.37 36.00 62.00

2418. The durability of a wire rope depends very
largely on the diameter of the drum or sheave over which
it is wound. When a rope is bent around a drum, the outer
strands must be in tension and the inner strands in com-
pression. This tension, due to bending the rope around the
drum, added to the tension to which the rope is already
subjected on account of the load, gives the total tension on
the part of the rope passing around the drum. This total
tension must not exceed the elastic limit of the material
composing the wires. /¢ is just as detrimental to the rope
if it be bent partly around the druwm or sheave as though bent
completely around 1t.

2419. From the nature of the rope, it is evident that
the diameter of the drum or sheave does not depend upon
the diameter of the rope, but only upon the diameter of the
wires of which i‘t is made; and we may, therefore, calculate
the size of the drum which would be safe for a single wire.

It may be stated, as a general rule, 2tat the diameter of
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the drum on whick a rope containing 19 wires to the strand
1s 1o be wound should not be less than 60 times the diameter
of the rope, and one on whick a rope containing seven wires
to the strand is to be wound should not be less than 100 times
the diameter of the rope.

It is, of course, preferable to use, if possible, a drum
larger than given by the above rule. Circumstances may
render it necessary to use a drum smaller than given
above, but smaller drums can only be used at the expense
of the rope.

2420. To Splice a Wire Rope.—The length of the
splice depends upon the size of the rope. The larger ropes
require the longer splices. The splice of ropes from § inch
to % inch in diameter should not be less than 20 feet; from
% inch to 1} inches, 30 feet, and from 1§ inches up, 40 feet.
In Fig. 876 are given a number of illustrations showing the
manner of splicing a wire rope. To splice a wire rope,
proceed as follows:

Suppose it is desired to splice a rope § inch in diameter.
The length of the splice for this size rope is, asabove given,
20 feet. Tie each end of the rope with a piece of cord at a
distance equal to one-half the length of the splice, or ten
feet back from the end, after which unlay each end as far
as the cord. Then, cut out the hemp center, and bring the
two ends together as close as possible, placing the strands
of the one end between those of the other, as shown in Fig.
876 A, in which £ and £’ are the cords tied around the rope
ends A and M’ respectively, at a distance of ten feet from
each end. Now remove the cord # from the end J/ of the
rope, and unlay any strand as @, and follow it up with the
strand of the other end M’ of the rope which corresponds
to it, as @’; that is, @ is unwound, leaving a channelin which
a' is wound. About six inches of &' are left out, and a is
cut off about six inches from the rope, thus leaving two
short ends, as shown at /in Fig. 876 /3, which must be tied
for the present by cords, as shown. The cord £should again
be wound around the end A of the rope, Fig. 876 .1, to
prevent the unraveling of the strands; after which remove
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the cord # on the other or.l/" end of the rope, and unlay
the strand &; follow it up, as above, with the strand #', leav-
ing the ends out, and tying them down for the present, as
before described in the case of strands @ and @’ (see O, Fig.
876 B3); also, replace the cord &, for the same purpose as
stated above. Now again remove the cord 4, and unlay the
next strand, as ¢, Fig 876 /A, and follow it up with ¢/, stop-
ping, however, this time within four feet of the first set.
Continue this operation with the remaining six strands,
stopping four feet short of the preceding set each time.
We have now the strands in their proper places, with the
ends passing each other at intervals of four feet, as shown
in Fig. 876 C. These ends must now be disposed of by
increasing the size of the rope. Clamp the rope in a vise at
the left of the strands a and @', Fig. 876 C, and fasten a
clamp to the rope at the right of these strands; then remove
the cords tied around the rope which hold these two strands
down; after which turn the clamp in the opposite direction
to which the rope is twisted, thereby untwisting the rope,
as shown in Fig. 876 /). The rope should be untwisted
enough to allow its hemp core to be pulled out with a pair
of nippers. Cut off twelve inches of the hemp core, six
inches at each side from the point of intersection of the
strands @ and «a', and push the ends of the strands in its
place, as shown in Fig. 876 D. Then allow the rope to
twist up to its natural shape, and remove the clamps. After
the rope has been allowed to twist up, the strands tucked in
generally bulge out somewhat. This bulging may be re-
duced by lightly tapping the bulged part of the strands with
a wooden mallet, which will force their ends farther into
the rope. Proceed in the same manner to tuck in the other
ends of the strands.

2421. Preserving Wire Rope.—It is highly essential
that wire ropes be oiled, so as to keep them free from rust-
ing, as on this depends in a great measure the life of the
ropes. The oil best suited is that which is free from acid,
and which will not gum or harden. Oil which hardens
greases the outer wires very well, but forms a scale around
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them through which the liquid oil can not pass to the inner
wires, which therefore go on rusting. Raw linseed-oil has
been found to be one of the best oils for this purpose, al-
though a mixture of vegetable tar and raw linseed-oil is ex-
tensively used. Either of these may be applied to the rope
by saturating the woolly side of a piece of sheepskin. It is
well, before applying fresh oil to the rope, to first clean off
the old by running the rope between brushes. When the
rope is endless and has a continuous motion, as in the case
of the endless-rope haulage systems, a different method may
be pursued. In this case, the rope may be greased by allow-
ing the oil, which has been placed in a barrel supplied with
a cock, to drip on it as it leaves the engine-room on its out-
ward passage.

THE ROADBED.

2422. The roadbed for a haulage system is made in
practically the same manner as for ordinary railroads. The
cross-ties are generally of wood, either 3 in. X 5in. or 4 in. X
6 in.; they are laid from 18 to 36 inches apart, from center
to center, on the solid floor of the mine, and are ballasted.
T rails, weighing from 16 to 40 1b. per yard, depending upon
the service required, are laid from 30 to 48 inches apart.
The wider gauges allow heavier and wider mine-cars to be
used, while the narrow gauges permit the cars to run more
easily around the curves. The rails laid on slopes should
be somewhat heavier than those laid on the level. Gutters
should be provided at the lower side of the roadbed, to allow
the mine water to flow away, and not destroy the ties.
Curves should be made of as large a radius as possible, and
it is well never to make the radius less than 25 feet. The
gauge of the track should be slightly wider around the
curves, and, in case of endless or tail rope haulage, the inside
rail should be slightly elevated. In other cases, such as
engine-planes, where the empty cars are run by gravity at
high velocities, the outer rail should be slightly elevated.

In wire-rope haulage, trouble arises with curves on the
roads where the main and tail rope system of haulage is em-
ployed. Unless due care is exercised in giving the rails on
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a curve the requisite elevation to resist the tendency of the
ropes to pull the ends of the train off the rails at the curve,
the train will frequently be derailed. If, however, the inside
rail is made the higher, the stress due to the inward pull of
the ropes falls on the tread of the wheels and on the upper
sides of the rails. On the other hand, if the rails arc equal
in height, the flanges of the inside whecls are pulled against
the inward edge of the inside rail, and then the least jerk
produced at a joint is sufficient to derail the whole train.
When a curve occurs on a highly inclined portion of the road
of a main and tail rope haulage, it is necessary to warn the
engineer to keep the ropes taut when rounding the curves, or
otherwise the high rail may become a source of danger. On
the roads of other haulages, however, the inside rail should
not be raised above the level of the outside one ; for on an
engine-plane and the roads of a self-acting incline, while the
elevation of the inside rail would provide complete security
for the ascending train, it would be a sure means of derailing
a descending one. Therefore, in these cases it is better to
provide a guard-rail set within the rail on the outside of the
curve. For curves on endless-rope haulages, a guard-rail is
required only where the radius of the curve is very short ;
otherwise they are not necessary, since the running velocity
is always low.

2423. An arrangement called a covered tube, or con-
duit, which may be used at points where a haulage-road
crosses highways, to enable vehicles to pass over the rope
while it is in motion, is shown in Fig. 877. It consists of
two castings 4 and A’ of the form shown, which constitute
the sides of the tube, or conduit, and which are riveted to
ordinary I beams 5. Over these castings are placed two
covers C and C', in the manner shown in the figure. To
strengthen the tube, or conduit, the braces 7 and /' are riv-
eted to it and to the eye-beams. D and ' are projections
riveted to the castings A and ', respectively, to keep the
covers in their places. The legs of the covers C and €' are
connected by links £ and £’, forming a toggle-joint; these
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links are joined in turn to a rod F, which is connected,
through the intervention of a system of levers, to a hand-
lever placed at the outside of the track. By giving an
upward movement to the rod £, the links £ and £’ are
forced apart, in consequence of which they cause the covers
C and C' to take the position shown by the dotted lines. It

F1G. 877.

is well to construct the conduit in such a manner that verti-
cal lines through the center of gravity of each cover will fall
between the points G and G, respectively, when the covers
are raised, i. e., in the position shown by the dotted lines,
since the covers will then close automatically, it being only
neeessary to open them.

2424. Fig. 878 shows the conduit in position. It will
be seen that the length of the conduit is equal to the width
of the highway. Since the cross-ties can not be laid at this
point, short rails 4 and M, having a length equal to that of
the conduit, are used. They are riveted at their ends to
chairs P and P’, which in turn are riveted to the eye-beams
B. This construction can be built complete in the shop,
and put in place as shown in the figure. The ends of the
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rails abutting the short rails 4/ and J/’ rest on the chairs
Pand P', and are bolted tothem. The coversof the conduit

are always closed when no train is to pass, and thus allow
vehicles to run across the roadbed. When a car comes
along, the hand-lever « located at the side of the track is

F1c. 878.
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pulled to the right, thereby causing the covers of the conduit
to open, as before explained, and allowing the train to pass,
after which the covers are again closed by the hand-lever.

TRACK MATERIALS.

24258. Tofind the weight of one mile of two railsin tons
of 2,240 pounds, the weight in pounds per yard of the rail
being given :

Rule.—Divide the weight tn pounds per yard of the rail by
7, and multiply the quoticent by 11.

ExaMpPLE.—How many gross tons of rails, weighing 20 lb. to the
yard, are required for one mile of single track ?

SOLUTION.— 42 X 11 =31} tons. Ans.

24286. Tofind the number of cross-ties required for one
mile of single-track road, the distance between the centers
of the cross-ties being given :

Rule.—Divide 5,280 (the number of fect in a mile) by the
distance in fect between the centers of the cross-tics.

ExampLE.—How many cross-ties are required for laying one mile of

single-track road, if the cross-ties are laid 21 inches apart from center
to center?

SoLuTiON.— 21 inches reduced to feet = 1% feet. Then, 5,280 +
14 =3,017, nearly. Ans.

2427. The spikes ordinarily used for spiking different
size rails to the cross-ties, and the average number of spikes
contained in a 200-pound keg, are given in the following

table :
TABLE 48.

Weight Average Num-
Size of Spike in Pounds ber of Spikes
in Inches. per Yard of per Keg of

Rails Used. 200 Lb.
4 X% 25 600
44 X % 35 525

5 X4 35 to 45 448
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TRACK-ROLLERS, OR CARRYING-SHEAVES.

2428. To prevent the wire rope of a haulage plant from
dragging on the roadbed, or, when the plane is very concave,
to prevent it from coming in contact with the roof, rollers,
or carrying-sheaves, are used. These are essential, since
otherwise, were the rope permitted to drag on the ground, a
greater force would be required to move it, and, besides, its
life would be shortened considerably. Rollers, or carrying-

' sheaves, are made either of wood or cast iron.
A form of wooden roller extensively used is
shown in Fig. 879, which consists simply of a
wooden roller Q having a $-inch or }-inch diam-
eter wrought-iron axle R through it. The
@ roller is held in place by the bearings S and S,
which are usually nailed to the cross-ties. Or-
dinarily these bearings are made of wood, and
are of such length that they rest on two cross-
ties. The bearings should be so located in the
center of the track that the rope runs near one
end of the roller, so that when the rollers are
partly worn they may be turned end for end or
shifted sideways, so that the rope will have a new
surface to run on. Wooden rollers are also
frequently constructed by boring a hole through
S the center of the roller, and then driving into
each end a short length of #-inch or }-inch gas-
pipe, which acts as the axle of the roller.
These rollers are generally made of maple, gum,
oak, ash, or beechwood, and vary in diameter
from 5 to 8 inches, and in length from 18 to 24
[| =] inches. The life of such rollers varies from six
= to eighteen months.

Fi1G. 809,

2429. In Tigs. 880 and 881 are shown the common
forms of cast-ironrollers, or carrying sheaves. In Fig. 880
the roller consists of a cylindrical shell about % inch thick,
having a flange at each end, as shown, to prevent the rope
from being shifted off the rollers sideways. Instead of using
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wooden bearings, as already described, iron bearings are used
here. These bearings are provided with caps ¢ and e, which
can be taken off when '
the rollers are to be re-
moved. The journals
of the shaft are smaller
in diameter than the
shaft proper, so as to
form shoulders on it, .
in order to prevent the rollers from moving sideways.
These rollers are generally made about 6 inches in diameter.

F16. 880.

2430. In Fig. 881 is shown another form of cast-iron
roller. Here the cylindrical shell of the roller Q is some-
what tapered, and has a small groove in its center, in which
the rope runs. The roller is tapered, so that the rope will
always slide down to the groove. The shell Q of the roller
is fastened to the shaft R by means of the arms and hub S
of the roller. The journals ¢ of the shaft are smaller in
diameter than the remaining part of it, thus forming
shoulders, and preventing the rollers from moving sideways.
The bearings U and U are of cast iron, of the form shown in

FiG. 881.

the figure, having such a width that they may rest on two
cross-ties, to which they are generally bolted. The bearings
are provided with a receptacle », in which oil is poured
through the top (by removing the cap W) for lubricating
the journals. These rollers, or carrying-sheaves, are gener-
ally made 10 or 12 inches in diameter, '
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UNDERGROUND HAULAGE-ENGINES.

2431. There are two kinds of hauling-engines in use
for mine haulage, each specially fitted for different classes of
work. For example, engines on the first motion, or those
connected directly to the drum-shaft, are best adapted for
long runs and level roads; on the other hand, engines on
the second motion do the best work on short runs, orin
hauling loaded trains up steep inclines pitching from the
shafts. The engine and drums illustrated by Fig. 882 fur-
nish an example of an engine on the second motion. Here
the drums are seen mounted on a heavy shaft, and are geared

FIG. 8%,

to the engine by massive spur-gears and pinions. This
arrangement is designed for main and tail rope haulage;
consequently, the drums are both made to run loose on the
shaft when not required for hauling. When the main-rope
drum is required to haul out a train of cars to the shaft, it
is secured to the spur-wheel with a friction-clutch, or other-
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wise the pinion-wheels on the engine-shaft are made to slide
in and out of gear. The pinions are made to lock onto the
engine-shaft with strong keys and slots, and so connected
that, as one pinion is put into gear, the other is thrown out.
These changes are made by a lever and slot and fork ar-
rangement, which is controlled by the engineer. After a
train has been hauled out with the main rope, the main-rope
drum is thrown out of gear and made to run loose, so that,
during the hauling in with the tail-rope drum, the main rope
is hauled in with the train; wice versa, to haul out, the main-
rope drum is put into gear, and, consequently, the tail-rope
drum is thrown out of gear when the tail-rope is hauled out
with outgoing trains of loaded cars.

The friction-clutch connection is common where the en-
gine is on the first motion, for then the drums are mounted
on the engine-shaft. The braking of the main and tail rope
drums requires special care and attention on the part of the
engineer, for otherwise he may hold the loose running drum
too tight, and in that case unduly strain the rope engaged
for the time in hauling, and at the same time waste the
available energy of the engine and reduce the velocity of
the train. On the other hand, if the running-off rope is not
kept comparatively tight, it may overrun and kink and be
destroyed. Not only should the engineer be a man of pru-
dence, but, for safety and economy, the brake arrangement
should be so constructed that it will secure in action the
following good points: .

(1) It must be strong and reliable; (2) the friction gen-
erated must be sufficient to stop and hold the train secure
on any part of the road; (3) the brake must be actuated
by a compound lever, so as to exert a great stress with
the power of an ordinary man's arm; (4) the brake-handle
must be fixed in a position so near the throttle-valve of the
engine that the engineer can turn from one to the other
without changing his position. Fig. 883 shows a brake and
lever arrangement that possesses all the good points just
referred to.
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UNDERGROUND HAULAGE BY ENDLESS ROPE.

2432. Haulage-drums can not be used for an endless-
rope haulage, as in this case two ropes must run continu-
ously in opposite directions; therefore, it is out of the ques-
tion to even think of using reels. Reels, or drums, however,
can not be disposed of without substituting wheels that not
only coil on but coil off at the same time, and yet seize the
rope for hauling as securely as a drum would do. Now it is
clear that a single-grooved pulley could not seize the rope
sufficiently for hauling against a resistance greater than the
friction due to a rope slipping in the groove whose length
is equal to half the circumference of a wheel. Again, it is
not possible to make two or more turns of the rope round a
wheel, and haul continuously by this means, because the
rope would all run on at one side, and, therefore, after a turn
or two, would coil on itself. It is true that fleet-wheels have
been contrived by which the coils are made to continuously
slip and surge from one side of the tread of the wheel
towards its center; but the surging and slipping on such a
wheel gencrates a heavy strain on the rope, and this, added
to the wear by the friction due to slipping, soon destroys a
good rope, and renders this system of gripping the rope a
practical failure.

2433. By a principle in mechanics, two grooved-heels
can be made to secure sufficient gripping force, and run the
rope on and off without injury from surging or any other
cause. To understand the mode of action, suppose that a
rope is made to perform the circuits of eight semicircular
grooves on two four-grooved pulleys, as shown in plan at the
top of Fig. 884. Now let us follow a point of the rope
throughout its journey, from the time it enters the first
groove to the moment of leaving the last one. The rope
runs half round the first wheel, and then runs off to the
first groove of the second wheel. It advances to the second
groove of the first wheel, and then passes half round and
runs off to the second groove of the second wheel. The
point passes round the second groove of the second wheel,
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continues its journey to the third groove of the first wheel,
from that to the third groove of the second wheel, and so on.
It will be found that the rope leaves the fourth groove of
the second wheel, and pursues its journey in the line of the
haulage. The eight semicircles are equal to four complete
turns round one drum, and the grip due to the four turns is
nearly equal to the breaking strain of the rope. The two
grooved wheels solve the problem of providing a secure grip
for a haulage that is equal to that provided by a drum for
hauling on an ordinary engine-plane. In the lower portion
of the figure, the engine is seen to be on the third motion;
this means that a small engine is made to run at a high
velocity and thus develop as much power as could be deve!-
oped by a large engine on the first motion.

2434. Inhauling and hoisting, the position of the train
or the cage can not be seen by the engineer, and, as safety is
required, it must be secured by some mechanical contrivance
for indicating the position of the train or the cage. It is
important that the engineer should know how to regulate
his supply of steam, and when to apply the brake, in case the
road over which the train is running is pitching. IHe also
should know to a foot where to stop the train at the different
stations on the haulage-roads. Again, the engineer at the
hoisting-engine must know the exact position of the ascend-
ing cage, so that he can run at a maximum speed without
fear, and stop the cage within an inch of the level of the
landing-stage. From this it can be seen that the shaft or
haulage-road indicator is indispensable. Fig. 885 is an
indicator for a haulage-road. The velocity ratios of the
train and the indicator-weight are so proportioned that the
latter only moves over a space of one foot while the train
on the haulage-road is running a distance of 300 feet. The
velocity ratios are 1 for the indicator to 300 for the train,
This reduction in the velocity of the indicator-weight is
secured as follows: A worm on the end of the drum-shaft
runs in the teeth of a worm-wheel, and this wheel makes
only 1 revolution for 30 turns of the drum., Again, the
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diameter of the barrel for winding on the indicator-cord is
only one-tenth of the mean diameter of the drum for the
haulage-rope, and, therefore, 30 X 10 = 300, the velocity
ratio of the haulage-rope. The worm-wheel ana the drum
for the indicator-cord are plainly shown in the figure.

HAULAGE BY MINE LOCOMOTIVES.

2435. There are three types of mine locomotives, each
of which has been successfully used in mine haulage; and
there will shortly be on the market a fourth type, which
promises to be, in a measure, a competitor of the other
three. The first three types are: steam locomotives, com-
pressed-air locomotives, and electric locomotives. The
fourth is a locomotive operated by a gasoline-engine.

2436. The steam locomotives used in mining work are
practically small locomotives of the ordinary type; they
usually have two driving-wheels, and sometimes three, on
each side; the water-tank is set over the boiler, and the
smokestack is shortened so that it does not extend above
the top of the boiler; in short, the smokestack, top of boiler,
and top of small cab are on the same level, and low enough
to permit the locomotive to enter the mine-passages. They
are usually made with a short wheel-base, so as to enable
them to run around sharp curves.

2437. While these small locomotives are convenient,
and very efficient around mines for outside haulage, they

Y F— —
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FiIG. 8%6.
should not be used for inside haulage if their use for such
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haulage can be avoided, because the exhaust from ‘the
smokestack vitiates the mine air, and the fire under the
boiler is extremely dangerous in any mine in which explosive
gas is generated. When steam locomotives are of necessity
used in minc haulage, the haulage-road should always be
the return-air course; they should never be used in mines
in which explosive gas is found. Fig. 886 shows a view of a
typical steam mine locomotive. Where such locomotives
are used, the track should be as smooth and well ballasted
as possible.

2438. The compressed-air locomotives used in mine
haulage have their working parts built very similar to those of
steam locomotives, the main difference being that the boiler
and fire-box are replaced by one or two compressed-air
tanks, which are usually charged with compressed air at
suitable intervals along the haulage-road. The compressed-
air locomotive can be operated with safety in any part of
a mine where grades will permit, and is not dangerous in
the event of the mine producing explosive gases. However,
the installation of a compressed-air locomotive is much
more expensive than that of the steam locomotive.

2439. The compressed-air locomotive requires a sta-
tionary plant on the surface, consisting of an air-compressor
of proper design for the quantity and pressure of air neces-
sary to run the locomotive; in addition, unless water-power
is available to run the compressor, a boiler to generate steam
for that purpose is required. The air from the air-com-
pressor must be conveyed through a pipe-line to the point
or points where it is convenient to charge the locomotive.
Each charging-station consists of a heavy valve with a
metallic flexible coupling, bleeder-valve, and screw-joint,
which couples to a similar screw-joint on the locomotive.
While it is entirely practicable to charge a compressed-air
locomotive direct from the compressor, without any inter-
mediate storage-reservoir, it is not economical unless a num-
ber of locomotives are used, so that, while one locomotive is
being charged, the rest are making trips.
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2440. The best and cheapest method is to operate the
compressor at a nearly uniform speed, pumping continuous-
ly in the storage-reservoir from which the locomotive is
charged. If the compressor is only run while the locomo-
tive is charging, the wear and tear on the compressor and
boiler are greater, steam and fuel are wasted, an unneces-
sarily large compressor is required, and the locomotive is
held idle longer than desirable. One or more stationary
tanks may be used for storage-reservoirs, but a pipe-line is
preferable, because it is handier, and provides opportunity
for a number of charging-stations at different points, and
also makes it easy to charge different locomotives in differ-
ent places or on different levels of the mine, besides convey-
ing the air wherever desired.

2441. The whole operation of stopping the locomotive,
connecting it to the charging-station, charging it to the re-
quired pressure, and disconnecting, and starting on its trip,
can usually be performed in less than one and one-half
minutes.

2442. The pressure and cubic capacity of the pipe-line
or tank should be so proportioned that, when the locomotive
returning for a new charge is connected, the pressure of the
locomotive and of the pipe-line equalize almost instantly to
the required pressure. It is, therefore, necessary to carry
a higher pressure in the pipe-line than is needed for the
locomotive. The necessary pressure of air and capacity of
the pipe-line can very easily be determined. For instance,
if the locomotive-tanks have 100 cu. ft. capacity, the char-
ging pressure needed for the locomotives is 500 Ib., and the
average pressure remaining in the locomotive, when re-
turning for the new charge, is 50 lb., a pipe-line of 300 cu.
ft. capacity and 650 1b. pressure will, when connected with
the locomotive, charge it instantly to 500 Ib. This is shown
by the following calculation:

The pressure in the locomotive-tank is 50 Ib. and that in
the pipe-line is 650 lb. ; the volume of the tank is 100 cu. ft.
and that of the pipe-line is 300 cu. ft. The resulting
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pressure, when the two are connected, may be obtained from
formula 19 in Gases Met With in Mines. Thus,

p=2?+27 _ 50 X100+ 650 X 300
V 100 4 300
the pressure needed for the locomotive. Practically the

same result would be reached by a pipe-line of 410 cu. ft. at
600 1Ib. pressure, or 250 cu. ft. at 680 lb. pressure.

= 500 1b. per sq. in.,

2443. In actual practice, for the sake of cconomy, the
air-compressor may be regulated so as to charge the pipe-
line to a lower pressure, whenever it may be desired to run
the mine at less than its full output. The compressor can
be made automatic, and may be set forany required maximum
pressure, and to retard its speed as this limit is approached.
Relief-valves should be used for both the pipe-line and for the
locomotive, as a protection against over-charging. Insome
cases, where the pipe-line extends beyond the charging-
station quite a distance, a less pipe-line pressure may be used;
and after the locomotive has been connected with the pipe-
line, and the pressure has been equalized, that part of the
pipe-line beyond the charging-station may be shut off by a
valve, and the locomotive may continue, connected by the
remaining part of the pipe-line to the compressor, until the
required pressure is reached, when the locomotive can be
disconnected and the valve opened. There is no difficulty in
obtaining and laying pipe strong enough to stand 500 to
1,000 lb. pressure to the square inch, and this form of reser-
voir costs very nearly the same as equivalent storage in
tanks. Four to six inches diameter is usually the best size
for pipe-line. Air may be conveyed several miles through
a pipe of as small diameter as two inches with scarcely ap-
preciable loss of pressure. For a pressure of 500 to 600 lb.
or more, a three-stage compressor is generally preferred.
If a low-pressure compressed-air system is also used for
operating mine machinery, such as drills, pumps, hoists,
etc., it is often economical to supply the locomotive with air
from the low-pressure system, at, say, 60 to 100 lb. pressure;
in this case, a special auxiliary two-stage compressor is used.
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For extra light work, short trips, and easy grades, a pres-
sure of 80 to 100 1b. may be sufficient for the locomotive.

2444. Air-compressors are now so constructed that
they may be used during the daytime to furnish high-
pressure air from 400 to 800 Ib. for operating the locomo-
tives, and during the night to furnish air at low pressure—
60 to 100 Ib.—for operating drills, etc. 71his arrangement is
convenient for night-work, whether it consists in driving
. entries or in getting mine faces ready for the miners.

24458, Asstated before, the mechanical construction and
practical operation of the compressed-air locomotive is simi-
lar to that of the steam locomotive. Air-tanks take the
place of the boiler, and the air is applied and used in much
the same manner as steam; the details, however, are modi-
fied to secure the most economical and convenient use of the
air. The main air-tanks should be made of a special quality
of heavy steel plates, with heavy butt-riveted welt-strip hori-
zontal seams, and with both heads flanged convex. The
front head should be provided with a manhole. The usual
range of charging pressure for compressed-air locomotives is
500 to 800 Ib., although heavier pressure can be used in case
of long hauls and heavy work, with but one charge of air.

2446. Experience has shown, in well-constructed air
pipe-lines, that slight changes in temperature cause greater

Fi1G. 887.

variations in pressure than are produced by leakage. A
properly constructed pipe-line, with heavy connections, care-
fully fitted, and supplied with special valves, will lose very
little, if any, through leakage. While the first cost of a
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compressed-air haulage plant is greater than that of a steam
locomotive, the cost of maintenance is less; the cost of
operating, however, exclusive of repairs, is slightly more
when but one locomotive isused. Whenseveral compressed-
air locomotives are used, the difference in cost of mere opera-
tion becomes less, until it reaches a point at which it is
really cheaper than the operation of the same number of
steam locomotives. Figure 887 is a side view of a modern
compressed-air mine locomotive.

2447. Electric mine locomotives consist essentially of
a heavy truck, the wheels of which are rotated by a
mechanism operated by an electric motor. The operation
of the electric mine locomotive is very similar to that of an
electric trolley-car; in fact, the power to run the locomotive is
conveyed along the haulage-road through a conducting wire
on which a trolley connected with the locomotive runs.

2448. The electric locomotive possesses one great ad-
vantage over the steam locomotive: there is no exhaust to
vitiate the air of the mine. Itis, therefore, an excellent haul-
age-machine for use in mines free from explosive gas. Its
use requires the erection of a plant for generating electricity
on the surface. The power thus generated is very con-
venient, and the current carried along the conducting wires
can be utilized for many purposes in mines. For instance,
coal-cutters, pumps, drilling-machines, hoists, etc., etc., can
be operated byit. This gives electric haulage plants ad-
vantages which have resulted in their adoption in many
mines. Actualresults prove them very efficient and econom-
ical in operation.

2449. Gasoline mining locomotives have not as yet
been used, although the successful utilization of gasoline-
engines for other purposes makes it evident that one manu-
facturer's claim of his ability to produce a gasoline locomo-
tive is well founded. Such a locomotive, however, will be
open to one of the objections for mine use that applies to a
steam locomotive, viz., the vitiation of the mine air by the
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products of thc combustion of the gasoline vapor in the
cylinders, which must pass out through the exhaust.

2450. All the types of mine locomotives mentioned re-
quire for successful operation that the grades of the roads over
which they run be comparatively light; in this respect, they
are less advantageous than rope haulage. Again, as stated
before, with mine locomotives the haulage is performed in
a more intermittent manner than by rope haulage, more
especially than by the endless-rope system. In the con-
struction of mine-tracks for locomotive haulage, the same
general rules apply as in the construction of tracks for rope
haulage, the only difference being that, when locomotives of
any type are used, the outer rail of all curves should be
slightly elevated. The same rule regarding the size of
curves applies in the case of locomotive haulage as in
rope haulage, namely, that they should be of as large radius
as possible, though it must be said that well-designed mine
locomotives with a short wheel-base will run and pull trips
around sharp curves better than any type of rope haulage.
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HOISTING AND HOISTING APPLIANCES.

MOTORS.

INTRODUCTION.
2451. In order that we may study hoisting machinery
_ to the best advantage, we will divide it into its component
parts and consider these separately. They are as follows:

Motors, Cars,
Drums, Rope Carriers,
Ropes, Tracks.

In other words, a hoisting plant, generally speaking, con-
sists, first, of a motor to supply power and to rotate a drum;
second, of a drum to be driven by the motor and to wind upon
itself a rope; third, of a rope to be wound upon the drum
and to carry at its end a car; fourth, of a car to be carried
by the rope and to contain the material to be hoisted; fifth,
of rope carricrs to guide
and control the rope; and,
sixth, of a frack to guide
and control the car during
its travel.

2452. As we have
said, the motor of a hoist-
ing plantisthat part which
supplies the power. In
the case of an ordinary
windlass, as shown
in Fig. 888, the motor is FiG. 88,
aman, who turns the crank-handles, and thus applies power

8 23
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to the drum. In the case of a horse-gin, as shown in Fig.
889, the motor is a horse, which is hitched to the end of the

Fi1G. 889.

horizontal lever, and, by
walking around the gin,
supplies power to the
drum. These motors an-
swer their purposes, but
they are only capable of
exerting small amounts
of power; as it becomes
necessary to hoist heavy

loads from great depths,

more powerful motors must be employed. In Fig. 890 is
shown an electric motor, or dynamo, arranged as a motor
for a hoist; in Fig. 891 is shown a duplex or double-cylinder

engine similarly arranged.

We have before us, then, two

powerful motors applicable to a hoisting plant; namely,

electric motors and engines.

In actual practice, these are

tound to fill all requirements, and, under certain conditions,
each has advantages over the other.
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It would be well to note here that there is a fundamental
difference between the first two motors cited and the last
two. The first two—that is, the man and the horse—actually
supply the power that is transmitted to the drum. The last
two—that is, the dynamo and the engine—do not actually
supply the power, but simply transform it. The electric
motor is supplied with electrical energy from some other
source and transforms it into mechanical power, which is
then transmitted to the drum. The engine is supplied
with energy in the form of steam or compressed air, and

Fi1G. 891.

transforms it into mechanical power. As far as the hoist-
ing plant is concerned, howcver, these motors, the electric
motor and the engine, do supply the power.

ELECTRIC MOTORS, OR DYNAMOS.

- 24583. Of late years clectricity has found its way into
almost every branch of engineering, and mining engineer-
ing is not an exception to the rule. We find it taking the
place of steam and compressed air in driving drills and
mining machines, locomotives for underground haulage,
pumps, and hoisting-engines. For the latter purpose it is
well adapted and, under certain conditions, has many ad-
vantages. Some of these are due simply to the use of an elec-
tric motqr in place of an enginc; others are due to the use
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of electricity instead of steam; and still others are due to the
system of electrical transmission and transformation itself.

2454. By using an electric motor for a hoist a_ rotary
motion is cbtained directly, and can be reduced and trans-
mitted to the winding drum simply through spur-gearing;
whereas an engine gives a reciprocating motion that must
be transmitted to the drum by means of cross-heads, con-
necting-rods, and cranks. The reason why the motion of an
electric motor must be reduced, in transmitting it to the
drum, is because the speed is necessarily too high for the
drum. An electric motor is a less complicated piece of
mechanism than an engine, and it consequently requires
less attendance and less repairs. It has no valve-gear to
get out of order, and it is more compact and occupies less
room than an engine of the same power. The speed and
- power of an electric motor are regulated by means of a con-
troller as readily as the spesd and power of an engine are
regulated by the throttle.

21455. By using electricity instead of steam the neces-
sity of steam-pipes is avoided, their place being taken by
two wires. These are much more easily laid and carried
than steam-pipes. They take up little or no room, and can
be carried along the most tortuous passageways when the
power is wanted underground. There is no heat from them
as there is from steam-pipes, and the loss due to the resist-
ance of the wire to the current, known as /ine loss, is very
small compared with the loss due to the condensation of
steam in the pipes. If the hoist is to be underground, there
is no cxhaust-steam to heat and vitiate the air and rot the
timbers.

If the power has to be transmitted any considerable dis-
tance, or if it must be transformed from some natural
source, as wind or water power, the advantages of the elec-
trical system of transmission and transformation are very
great. Suppose, for instance, that we have a well-equipped
mining plant consisting of boilers and engines, with power
to spare, and it is desired to sink a shaft at some remote
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place on the surface or at some underground point. We
have simply to connect a dynamo to one of the engines to
transform some of the spare power into electrical energy,
run wires to where the hoisting must be done, and use an
electric hoist. Or, suppose a water-power is available,
either close at hand or at some distance from where the
hoisting is to be done. We would then use a water-wheel
or turbine and a dynamo instead of boilers and engines, and
transmit and use the electrical energy as before. By such
an arrangement, we would save the cost of fuel and the
handling of it and the ashes.

2456. From the foregoing, it is evident that the stu-
dent of hoisting machinery should know something of elec-
trical matters, and be as familiar with the fundamental laws
of electricity as he is with those of steam, and as familiar
with the characteristic points of a dynamo as he is with
those of an engine.

2457. There are two kinds of dynamos: viz., direct-
current dynamos and alternating-current dynamos.

Alternating-current dynamos are of two kinds, single-
phase and multiphase. In speaking of dynamos specifically,
the one that transforms mechanical energy into electrical
energy is called the generator, and the one that trans-
forms the electrical energy back into mechanical energy is
called the motor.

2458. Direct-current dynamos are suitable for hoisting
machinery provided the hoist is near the generating station
or plant; but if the current must be carried a long dis-
tance, the system becomes impracticable because of the
necessarily low voltage of the current and the consequent
great cost of the conducting wires. Direct-current dyna-
mos, suitable for power purposes, can not be made to oper-
ate successfully at a much higher electromotive force than
1,000 volts, on account of the arcing and short-circuiting of
the commutator and its connections. Furthermore, the
direct current can not be transformed to a higher voltage
except in a machine like a dynamo and having the same
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objections. The plan of connecting up several dynamos 1n
series, and so increasing the voltage, has been tried; but it
is suitable only where power must be transmitted and used
in large units. It would certainly be impracticable to con-
nect up several generators in series to give a current of
high enough voltage to be transmitted economically, and
then use several motors in a similar series to drive a hoist.

2459. Thesingle-phase alternating-currentdynamo can
without difficulty be made to generate and use a current of
3,000 to 4,000 volts, or even more if necessary, because the
current is taken from and by two continuous rings without
being rectified, thus avoiding thc difficulties attending the
commutators of the dircct-current machine. By the prin-
ciple of induction, an alternating current of moderate volt-
age can be transformed into a current of smaller amperage
and higher voltage, for transmission, and can be re-trans-
formed at the other end of the line to any voltage desired,
the amperage varying inversely as the voltage. The energy
remains the same, with the exception of a small loss in the
transformation, amounting to about 2 per cent. As the
coils of the transformer are stationary, and as there are no
sliding contacts, any desired amount of insulation can be
used, and almost any voltage that can be controlled on the
line can be obtained. Many plants are in cperation with
currents of 10,000 to 12,000 volts, and some with currents as
high as 50,000 volts.

The single-phase alternating current, however, consisting
as it does of a simple alternating wave, is not suitable for
hoisting machinery, because no satisfactory single-phase
alternating motor has yet been devised that is self-starting
under load and capable of speced regulation. If a motor
built on the same lines as a single-phase generator is brought
up to the proper spced by some external power, so that the
alternating impulses willact in theright direction at the right
instants, and if the current is then turned on and the load
gradually applicd, it will run satisfactorily at constant speed.
Such a machine is called a synchronous motor, because it
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runs synchronously, or in step, with the alternations of the
current. Its speed can not be regulated, and if a sudden
load causes it to slow down or lose step, it stops. It is in-
convenient, and, in fact, impracticable, for service where
frequent stops and starts are necessary, because starting it
is such a tedious operation, and if it must start with the
load on, it can not be used at all.

2460. The successful development of the multiphase
system during the past few years has solved the problem,
and has secured thc advantages of both the direct and alter-
nating currents. A multiphase generator has several wind-
ings, so placed as to generate several alternating currents
diftering in phasc; that is, passing the zero and maximum
points at different instants. Under the influence of these
currents, which may be compared roughly to the cranks of
a duplex or triplex engine without any dead-center, multi-
phase synchronous motors are self-starting under light load,
while non-synchronous or induction motors will start under
full load and are capable of speed regulation. The latter
possess the good qualities of the direct-current motors, and
the additional advantage of having no commutator. Further-
more, the multiphase alternating current, like the single-
phase current, rctains the indispensable quality, for long-
distance transmission, of being transformable from low to
high voltage for transmission, and from high to low voltage
for use at its destination.

Most of the earlier dynamos used for hoisting were street-
car motors geared to friction hoists. This type is very
satisfactory for small or medium sized hoists, as the friction-
gear is an assistance to the motor controller in smooth start-
ing. For large hoists a positive-geared motor is more
reliable; but it is desirable to interpose a friction-clutch or
an equivalent device at some point between the armature
and the drum as a safeguard against cxcessive strains on the
gearing due to the inertia of the armature and the too
sudden stopping of the drum with the brake.

2461. The choice of the best kind of motor depends to
some extent on the size of the hoist, its location, and the

'
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nature of the work. For an unbalanced hoist of moderate
size, especially if placed underground and exposed to dirt and
water, the iron-clad series-wound street-car type is well
adapted, as it is strong, well protected. and designed to
stand heavy work on intermittent service. In this motor,
efficiency, low heating, anrd absolute freedom from sparking
are, to some extent, sacrificed for compactness and light-
ness. For large hoists, which are generally located in com-
paratively clean, dry places, which are either double-acting
and balanced or single-acting and overbalanced, so as to
act contihuously, and in which high efficiency is of consid-
erable importance, the stationary type of motor is usually
preferable.

2462. Thespeed controller is one of the most important
features of an electric hoist. On many of the earlier hoists,
the commutated field, thrown into various combinations of
different resistances by a cylinder switch, was employed,
this form of control being at that time widely used in street-
car service. This controller gave quite satisfactory results
when assisted by friction-gearing, but with positive gearing
it would not give a sufficiently gradual start. On most
hoists, a variable resistance in armature circuit is employed;
and by making this resistance sufficiently high, a per-
fectly smooth start may be obtained, even with a slack rope.
The most satisfactory rheostatic controller, especially for
heavy work, is one in which the resistance is cut in and out
by a cylindrical switch with a magnetic blow-out, which
avoids the troublesome effect of arcing at contacts, when
the current is broken. In some cases it is practicable to
use a double-motor equipment, with series-parallel controller,
such as is now employed almost exclusively in street-car work.

ENGINES.

TYPES OF HOISTING-ENGINES.

2463. The engines of a hoisting plant are operated ac-
cording to two methods. They are either continuous or
intermittent in their action; that is, they either run con-
tinuously, empty or under some other load, and have the
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work of hoisting put upon them by means of a clutch, or
they are connected to the drum, either direct or through
gearing, and are run only when making a hoist. The first of
these methods has been employed extensively in regions
where fuel is expensive, and where it is, therefore, desirable
to obtain power economically by concentrating it. If a
mine is equipped with an air-compressor for compressing air
for rock-drills, or an underground hoist, or both, with a fan
for ventilation, and has several openings where hoisting is
to be done, one high-duty engine can be used to operate
them all, and greater economy of fuel be obtained than if
smaller and separate engines were used for each operation.
The fan and the air-compressor would give a steady load,
and the work of hoisting would be added to this as the hoists
were made. But this kind of engine does not come nat-
urally into our present studies, because it is an engine pure
and simple, and is not affected by any of the requirements of
the hoisting service. The clutches that are used for driving
the drums will be taken up later in connection with drums.

The second method of using an engine in a hoisting plant
—that is, of having it connected to the drum either direct
or through gearing, and running it only when making a
hoist—is the method generally adopted and the one we shall
study, because it requires a hoisting-engine.

A hoisting-engine should be a duplex engine; it may be
condensing or non-condensing ; its size should bear an inti-
mate relation to the amount and kind of work to be done;
it may be driven by steam or compressed azr ; it should have
a suitable, quick-acting ¢krottle-valve, and the cylinders
should be supplied with relief-valves.

2464. Duplex Engines.—One of the essentials of a
good hoisting-engine is that it shall be capable of picking up
the maximum load at any point in the hoist. If the engine
is a single-cylinder engine, there will be two points in its
revolution, the front and back dead-centers, at which it will
be entirely powerless ; and near to these points it will be
capable of exerting only a very small amount of power.
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If, with this sort of enginc, the cage is at the bottom .of the
hoist, or, in fact, anywhere throughout the hoist where it
might be necessary to stop, and the engine is on or near
one of its dead-centers, it will be impossible to start to hoist.
To avoid this state of affairs, two engines are placed side by
side, acting on the same shaft, either engine being large
enough to pick up the maximum load by itself. Such a
combination of two single-cylinder engines is called a duplex
engine. A cross-compound engine with its cranks set at
right angles to each other will evidently produce the same
effect in starting a load as a duplex engine; that is, there
will be no dead-center. The two cylinders, each having its
own piston and piston-rod, should have separate connecting-
rods and cranks, and the cranks should take hold of the
same shaft at right angles to each other. By this arrange-
ment, it will readily be seen there is no dead-center or
point where the cngine is powerless. When one crank is on
a center, the other is in its most effective position.

2465. Condensing or Non-Condensing Engines.—
Steam-cngines for hoisting service may be built either
condensing or non-condensing; which is the better depends
upon the circumstances of each case. Condensing engines
are larger and cost more to build than non-condensing
engines of the same power, and the only gain is in the
greater economy of fuel of the condensing engines. If,
therefore, the hoisting plant under consideration is to be
located at a coal mine or in a coal region, where fuel is
cheap, it would not be advisable, generally speaking, to go
to the expense of putting in condensing engines. On the
other hand, if the plant is to be located at a metal mine,
where fucl is scarce, the economy of the condensing
engine may more than balance its greater expense. It must
be borne in mind, however, when deciding between the two,
that hoisting is not an operation in which much economy can
be gained by condensing, because the power required is so
variable and intermittent. Condensing engines, too, are
more complicated than non-condensing engines, and this is
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always an objection. One of the cssentials of a good hoist-
ing-engine is that it shall be capable of exerting its maximum
power at any time. In the case of a condensing engine, this
demands two things. One is that provision must be made
to admit live steam into the low-pressure cylinder, and the
other is that the condenser and air-pump must be independ-
ent. We have assumed here that any condensing engine
which we may consider must be a cross-compound; in the
first place, because in a condensing engine the range of
temperature of the steam is so great that with a single
cylinder the initial condensation would be very large, and,
in the second place, because, as we have scen, a hoisting-
engine should be a double-cylinder engine in order that it
may be able to start the load at any position of the hoist.
This last reason was explained above, but the first recason
will be considered more fully here.

2466. Suppose, for instance, an cngine is supplied
with steam at 100 pounds gauge pressure, which is equiva-
lent to about 115 pounds absolute pressure. T'he temper-
ature of such steam is 338° F. Let us admit this stcam to
the cylinder during a portion of the stroke, and cut it off at
such a point that it will expand down to 50 pounds absolute
pressure by the time the piston has reached the end of its
stroke and the exbaust-valve opens. The temperature of
steam at 50 pounds absolute pressure is 281° F., and the
cylinder itself, or its inside walls, is at about the same
temperature. Now, the exhaust-valve opens and most of
the steam rushes out, leaving, say, 3 pounds back-pressure
above the atmosphere due to the resistance offered by the
valve opening and port. This 3 pounds is equal to 18
pounds absolute pressure, the temperature being 222° F.
The temperature of the cylinder walls would, therefore,
drop again, and would approach this temperature, 222° F.
There would not be time enough for it to come clear down
before steam is admitted on the other side of the piston for
the return stroke, but we may use this illustration for our
present purpose.
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We have now the range of temperature before spoken of;
that is, from 338° to 222° or 116°, and it will be readily seen
that this represents the possible fall of temperature of the
cylinder during a stroke. But, now, more steam isadmitted
to the cylinder on the other side of the piston, and this is
of the highest temperature; that is, 338°. The result is
that some of it is condensed by coming in contact with the
cylinder walls, which have cooled down, as we have shown.
This is called initial condcensation ; it is a loss of power, and
is, therefore, very objectionable.

2467. Let us now take the same conditions, but run
our engine as a condensing engine, and see what the result
will be. The steam enters the cylinder, as before, at a tem-
perature of 338°. It is cut off somewhat earlier, if we' wish
to obtain the same power from the engine, and expands to
the end of the stroke. Here the exhaust-valve opens, not to
the atmosphere, but to the condenser, and the steam rushes
out and is condensed, forming a partial vacuum. This
vacuum may be equal to 26 inches of mercury, which is
equivalent to 2 pounds absolute back-pressure, whereas
before we had 18 pounds. The temperature of 2 pounds abso-
lute pressure is 126° F., and our range of temperature be-
comes 338° — 126° = 212°, as compared with the 116° of the
first case. We should, therefore, have greater condensation
of the steam when it is admitted for the next stroke. To
prevent this, then, cross-compound engines are used. The
steam is expanded partly in-one cylinder, then transferred
to the other, where it is expanded further, and is exhausted
to the condenser. Thisobviates the necessity of admitting
steam at a temperature of 338° F. into a cylinder which has
just contained steam at a temperature of 126° F.

We assume, therefore, that our condensing engine is to be
a cross-compound engine, and, as we have said, the hoisting-
service requires two things of it: First, that it shall take
live steam into the low-pressure cylinder when necessary,
and, second, that its condenser and air-pump be of the inde-
pendent type.
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2468. A hoisting-engine which is to be condensing must
take live steam into its low-pressure cylinder for the follow-
ing reason: In the regular running of a cross-compound
condensing engine, the steam is admitted from the boiler
into the first or high-pressure cylinder. Here it is allowed
to expand a certain amount, after which it is exhausted into
a receiver. From the receiver it is admitted to the low-
pressure cylinder, where it expands still further, and from
there it is exhausted into the condenser. In other words,
the low-pressure cylinder is fed from the high-pressure cyl-
inder. Now, hoisting is not regular running; starting and
stopping make up a large part of it. As has been pointed
out, an engine capable of starting under load at any point
must have no dead-center, but must have two cylinders,
either of which is able to pick up the load when the other
is on its center. But we have just seen that the low-pressure
cylinder of a compound condensing engine is fed from the
high-pressure cylinder; so, if the engine has been standing
and no steam has been in the high-pressure cylinder, there
will be none for the low-pressure, unless other provision be
made for it. Also, the low-pressure cylinder may be the
one required to pick up the load in starting. Therefore, to
give it power at such a time, live steam is admitted to it in-
dependently of the high-pressure cylinder. This is simply
done by having an auxiliary steam-pipe and throttle-valve
leading directly to it, and arranged so that the engineer can
open and shut it at pleasure. The steam used is generally
reduced in pressure from that carried in the boiler by a
regulator, because the high-pressure steam would give too
much power, the low-pressure cylinder being of large diame-
ter, so that it can do its part of the work with the partially
expanded steam from the high-pressure cylinder.

2469. A hoisting-engine to run condensing should also
have an independent air-pump and condenscr.  'The air-pump
of an ordinary condensing engine is operated by the engine
itself and is practically part of it. If this plan is adopted
in the case of a hoisting-engine, when the engine. stops at
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the end of a hoist the air-pump will stop, and the vacuum
which it keeps up will be lost while the engine is standing.
That is to say, atmospheric pressure will find its way into
the condenser and act as a back-pressure against the low-
pressure piston, amounting to about 15 Ib. per square inch.
This will, in most cases, render the low-pressure piston un-
able to pick up the load at the beginning of the next hoist.
Independent condensers and air-pumps can be bought ready-
made to suit any engine. They are simply special steam-
driven pumps.

SIZE OF ENGINE.

2470. By the size of an engine is meant the diameter
of its cylinder (or cylinders) and the length of its stroke.
We should be able to say what these dimensions should be
for a given case. They, of course, depend upon the work
to be done, and this work consists, in the case of a hoisting-
engine, of three things; namely, lifting the load, accelera-
ting the moving parts, and overcoming the friction. How
accurately these three items should be considered depends
upon the circumstances of each case, but it is not generally
advisable to figure too close. In fact, it is always advisable
to have an excess of power in the engine. A little extra
power costs very little if put into the engine while building,
but it may be very difficult and costly to obtain it at some
later day. Furthermore, the conditions are so variable that
no rule can be laid down that will be applicable in all cases.
It is, therefore, thought advisable to show the student how
to work out a calculation approximately and to illustrate it
with examples.

2471. Suppose that we wish to build a winding-engine
for a shaft or vertical hoistway, the depth of which is 1,500
ft. The weight of material to be hoisted at each trip is
4,000 1b. ; the weight of the mine-car to be used is 2,000 1b. ;
the weight of the cage is 3,000 1b. The shaft is to be dou-
ble, with two cages balancing each other, and a tail or bal-
ance rope is to be used. The engine is to be of the duplex
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type, direct-acting, and the mean effective pressure is to be
45 1b. per square inch.
The load on the rope is as follows:

Weight of material............. 4,000 Ib.
Weight of mine-car............ 2,000 Ib.
Weight of cage................ 3,000 1b.
Weight of rope, say............ 4,000 Ib.

Total ............... . .13,000 1b.

The weight of the rope here used is assumed in order to
get at the probable total weighton it. We will use a plow-
steel wire rope, and a factor of safety of 10. The breaking
strength of the rope should then be 13,000 1b. X 10, or
130,000 1b. By referring to Table 46, we find thata plow-
steel wire rope having 19 wires to the strand, with a breaking
strength of 130,000 lb., or 65 tons, slightly exceeds 1% in.
diameter; but, as we have used a large factor of safety, the
14-in. rope, with a breaking strength of 60 tons, will be
strong enough. This rope weighs 2 1b. per foot of length,
or 21b. X 1,500 = 3,000 Ib. Revising our figures above by
using this corrected weight of rope, we have

Weight of material............. 4,000 1b.
Weight of mine-car............ 2,000 1b.
Weight of cage " ............... 3,000 1b.
Weight of rope ................ 3,000 Ib.

Total «oovveeennennn. 12,000 1b.

The total load on the rope is, therefore, actually 6 tons,
which, divided into 60 tons, the breaking strength of the
rope, gives us a factor of safety of 10, as first assumed.

The diameter of the drum on which a rope containing 19
wires to the strand is to be wound should not be less than 60
times the diameter of the rope. Therefore, the minimum
size of drum to be used with a 1}-in. plow-steel rope is 5§ ft.
in diameter. Suppose, however, that we are not limited as to
space; we will use adrum 8 ft. in diameter, because it is easier
on the rope, and for a given hoist a larger drum need not be
so long; consequently, the engines will not have to be spread
so far apart, and the fleeting of the rope will not be so great.
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We are now ready to calculate the work to be done. From
the conditions laid down in the beginning, we note that the
weight of the rope is balanced by the use of a tail-rope; that
the two cages and the two cars balance each other, and that
we have only the weight of the material, 4,000 pounds, as a
net load, or, in other words, an unbalanced load.

To this we will add, for accelerating the moving parts and
overcoming the friction, 104 of the gross load to get the
actual load. By the gross load we mean all of the moving
parts; that is:

.-11lot of material................ 4,000 1b.
S 2mine-cars........ieuieeiana.. 4,000 1b.
2cages .. ....iniiannn. “..oe... 6,000 Ib.

P 4o o1 S 6,000 Ib.
Total ..........ovoL... 20,000 1b.

2472. We take the gross load for this purpose, because
it is more nearly proportional to the friction and the inertia
-than the net load is. For instance, suppose in one case, which

we will call Case A, we have conditions as laid down in our
example; that is, a double shaft with two cages and two cars
balancing each other, and hoisting 4,000 Ib. of material at a
hoist, with a tail-rope to balance the main rope. The gross
load would be 20,000 Ib. as above, and the net load would be
4,000 1b. Then, suppose in another case, which we will call
Case B, we have the same conditions, except that no tail-
rope is to be used. The gross load for this case would be:

1 lot of material ............... 4,000 1b.

2 mine-cars...... ........en.nn 4,000 lb.

2CageS. . it 6,000 1b.

Irope...ooooiviiiiinniin., 3,000 1b.
Total .........covunen. 17,000 Ib.

And the nct load would be:
1 lot of material ............... 4,000 1b.
1T0pe...iiiiiiiiiiineiennn., 3,000 1b. |



§ 23 HOISTING AND HOISTING APPLIANCES. 17

Now, it is quite evident that there will be less friction and
inertia to overcome in Case B than in Case A, because the
mass to be handled is less by the amount of one rope. We
have just seen that the gross load of Case B is less than that
of Casc A by this same amount; therefore, the gross load,
the friction, and the inertia are proportional. The net load
of Case B, on the other hand, is greater than that of Case A,
so it is not proportional to the friction and inertia.

Let us suppose still another case, which we will call
Case C, in which we have the same weight of rope, cage,
car, and material to be hoisted, but at a single shaft, where
there is room for only one cage and car. We will not have,
in this case, any balancing of the cage, car, or rope, and our
gross load becomes:

1 lot of material ..... ......... 4,000 1b.
1 mine-car.................... 2,000 1b.
lcage............ooiiiininnnn. 3,000 Ib.
1rope ....coovviiiiiiiiiinn... 3,000 1b.

Total ................. 12,000 1b.

And our net load is the same. The mass to be handled
in this case is less than that in Case A by the amount of
one rope, one cage, and one car; that is, the two amounts
are to eachother as?0isto 12, and it will be seen, on reflection,
that the friction and inertia must also be to each other as
20 is to 12, for Cases A and C. Now the net load in Case C
is 12,000 pounds, or three times as much as that in Case A,
so that if we proportioned our work for overcoming the
friction and accelerating the moving parts according to the
net load, we would have three times as much for Case C as
for Case A, while the mass to be moved is only twelve-
twentieths as- much.

2473. Thismethod of calculating the work necessary to
overcome the friction and to accelerate the moving parts is,
in most cases, entirely satisfactory, although sometimes a
larger percentage is used if the work is to be of a rough
character, giving greater friction, or if great speed of
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hoisting is to be required, thereby calling for a greater
accelerating force. The amount of friction is at best a
matter of judgment and not of calculation.

To calculate the work of acceleration, so much must be
assumed that it is genecrally as satisfactory to assume the
work directly. Furthermore, as we have seen, it is neces-
sary to figure on one cylinder to do the total work, because
the second one is at times powerless, and this gives us some
extra power when both cylinders are acting.

As has been said, 10% of the gross load will be added to
the net load to cover the work of overcoming the friction
and accelerating the moving parts.

Rule.— 70 find the actual load on the cngines, add to the
net load 10% of the gross load.

The actual load for the original casc will then be 4,000
pounds plus 10% of 20,000 pounds; that is, 6,000 pounds.

2474. The diameter of the drum is 8 feet, and to this
must be added the diameter of the rope, 1} inches, to give
the working diameter, which is, therefore, 8.094 feet, nearly.

The working circumference is, then, 8.094 X 3.1416 =
25.43 ft., nearly. For every revolution of the drum, we
require 25.43 X 6,000 = 152,580 ft.-Ib. of work from the
engine.

Rule.— 7o find the work required of the engines per revo-
lution of the drum, multiply the actual load in pounds by the
working circumference of the drum in fect.

2475. The original proposition calls for a duplex direct-
acting engine. This makes the revolutions of the engine
and drum equal. Furthermore, we must count on only one
engine to do the work. -

The work performed in the cylinder of an engine per revo-
lution may be calculated as in Art. 2087, Stcam-Engines.
The force is the mean effective pressure /> multiplied by the
area 1 of cylinder in square inches. The distance moved

. L . 2L
by the piston per revolution is 2 L inches, or 21 feet, where

12
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L denotes the length of stroke in inches. Using the sym-
bols of the article just referred to and lettmg 7 represent
the work per revolution, we have
_?2PLA _PLA
-1 6
For the present purpose, the formula must be modified,
because we do not wish to calculate the work that an engine
can do, but wish to calculate the size of an engine that can
do the work required at the drum. The formula may be
changed to read thus:

6w

P

That is, the arca of the piston multiplicd by the stroke in
inches is cqual to six times the work divided by the mean ¢ffect-
tve pressure.  The area of the piston is equal to.7854 times
the square of the diameter, or A = .7854 [)® where D is the
diameter. Let the stroke be 7 times the diameter; that is,
L=rD. 1f we now put these values of 4 and L in the
formula, it becomes

AL =

6z
N85I X r D =
. 0w
or LIRSty I = ’P

This formula can be changed so as to read
D=197¥ i (211.)

ExaMPLE.—What should be the size of the cylinders of a hoisting-
engine which is to perform 152,580 ft.-lb. of work per revolution, if
the mean effective pressure is 45 pounds per square inch and the stroke
of the piston is twice its diameter ?

SoLuTioN.—In this case » =2, since, if the stroke is twice the

2d

diameter, » = A =2.
Applying formula 211 ’
T . /TR 580 _ )
D =197 Var _1.9‘ 15 % 2—_23.5m.

The engine should, therefore, be a duplex engine with cylinders
234 in. in diameter and 23} X 2 = 47 in. stroke. Ans.
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An engine of this size will do the hoisting at a vertical
shaft 1,500 ft. deep, where the weight of material to be
hoisted at a trip is 4,000 lb.; the weight of the mine-car to
be used is 2,000 1b., and the weight of the cage is 3,000 Ib. ;
two cages and a tail-rope being used, and the mean effective
pressure being 45 1b. per sq. in.

24786. Before applying the formula to another example,
the correctness of the above cylinder sizes may be tested in
the following manner: Under the head of Duplex Engines,
it was seen that when one piston is at the end of its stroke,
and its crank is, therefore, on a dead-center, the other
piston may be called upon to lift the maximum load. In
such a case, this other piston is at about mid-stroke and its
crank is at right angles to the connecting-rod, or in its most
effective position. Now, the ability of an engine to rotate
a drum is measured by the turning moment that it can
exert, and the engine in the above position can exert a
turning moment as follows:

The area of the piston is 23.5* X .7854 = 433.7 sq. in.,
which, multiplied by the mean effective pressure, 45 lb. per
sq. in., gives 19,516.5 1b. as the total pressure exerted by
the piston. This pressure is transmitted through the con-
necting-rod to the craﬁk-pin, and acts on the latter at right
angles to the crank. The length of the crank is half the
length of the stroke, that is, 234 inches, and this, multiplied
by the acting pressure given above, is the turning moment
in inch-pounds that the engine will exert when at one of its
dead-centers. This turning moment is, therefore,

19,516.5 X 234 = 458,638 in.-1b.

The resistance that this turning moment must overcome
is the opposing turning moment due to the actual load on
the drum. In the foregoing example this actual load is
6,000 1b. The working diameter of the drum is 8.09 ft.,
nearly; its radius is 4.05 ft., nearly, or 48.6 in., and the
resulting turning moment is 48.G in. X 6,000 Ib. = 291,600
in.-1b. '

It will be seen that this moment is considerably smaller
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than that which the engine exerts, so the cylinder is of
ample size to start the load.

2477. Consider now another example, similar to the
foregoing, but differing from it in some of its conditions.
Suppose, for instance, that the only difference in the two
cases is that a tail-rope can not be used in the present case.
The load on the rope will be the same as before, and we will,
therefore, use a 14-in. plow-steel rope, which gives us a
factor of safety of 10. Of course, the load on the rope will
not be uniform, and it is the maximum load that has been
taken; but, then, it is the maximum load that must be
counted on. Naturally, also, the same diameter of drum
will be used, namely, 8 feet.

Now, the conditions are that the shaft is double, and con-
sequently, as before, the two cages and the two cars balance
each other; but the net load is the weight of the material,
4,000 1b., and that of the rope, 3,000 lb., or a total of 7,000
Ib. To this is added, as before, for accelerating the moving
parts and overcoming the friction, 104 of the gross load,
which is in this case

1 lot of material........... cee.. 4,000 1b.
2 MINe-CarS......covvevvuenennn 4,000 1b.
2 CAZES. t vttt 6,000 1b.
lrope.....ccvvvviininininn.. 3,000 1b.

Total ................. 17,000 1b.

Ten per cent. of this is 1,700 lb., and the actual load to be
calculated for is 7,000 1b. 4- 1,700 1b., or 8,700 lb.

The working circumference of the drum is, as before,
25.43 ft., and for every revolution is required 8,700 X 25.43=
221,241 ft.-1b. of work from one engine. We will use the
same style of engine, that is, a duplex engine and direct-
acting; so this is the amount of power that is necessary
per revolution of one engine. Then, if the same propor-
tion of cylinders is adopted, formula 211 gives

s -
D=197¢ 1251’;‘;—1 = 26.59 in., say 264 in.
Stroke = 26.5 X 2 = 53 in.
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That is to say, the engine should have cylinders 264
inches in diameter, with a 53-inch stroke.

It will be observed that this engine is considerably larger
than the first ones, yet it does only the same amount of
useful work. It hoists the same weight of material, 4,000 Ib.
at each hoist, but it also lifts the entire weight of the rope
at starting when the loaded car is at the bottom of the shaft.
The work of lifting the rope is so much energy thrown
away. This loss is offset in some degree by the wear and
tear of a tail-rope.

2478. Let us carry this subject one step further and
see what size of engine we would require if it were neces-
sary to hcist the same material from a single shaft, that is,
the same amount at one hoist. The load on the rope would
be the same as it was in the first case:

Weight of material........ ..... 4,000 1b.
Weight of mine-car............ 2,000 1b.
Weight of cage................ 3,000 1b.
Weight of rope......... ...... 3,000 1b.

Total ................. 12,000 1b.

We shall, therefore, usc tiie samc rope, a 13-inch plow-
steel rope, and the same drum, 8 ft. in diameter. As the
shaft is single, there is only one cage and one car, so these
are not balanced, and the net load becomes the same as the
above load on the rope, that is, the same as the gross load,
12,000 1b. Increasing this by 104 to cover the work of
acceleration and overcoming the friction, we have 13,200 1b.
for the actual load. Multiplying this by 25.43 feet, the
working circumference of the drum, gives 333,676 ft.-1b. of
work to be done per revolution.

Using formula 211,

/T
D=197¢Y ;’5—2'(—";’ = 30.55 in., say 304 in.
Stroke = 30.5 X 2 = 61 in.

In other words, the engine must have cylinders 304 inches

in diameter, with 61-inch stroke.



§ 23 HOISTING AND HOISTING APPLIANCES. 23

A study of the preceding examples is instructive. An
engine with 30%-inch by 61-inch cylinders hoists only the
same weight of material as the first engine did, with 23}-
inch by 47-inch cylinders. Furthermore, it can make only
half as many hoists in a given time as the first engine can,
because it loses all the time during which it -is sending the
cage down for another load, whereas in the first and second
cases a hoist is made during that time. In this third case,
the work necessary to lift the rope, cage, and car is all use-
less work, and is so much thrown away. These are cer-
tainly great disadvantages, but there are some advantages
belonging to this last system. There is only one drum, one
rope, and one cage to supply and keep in repair, and the
cost of sinking a single shaft is, of course, much less than
that of sinking a double shaft.

In many mining operations there is great uncertainty as
to the permanency of the mine, because so little is known
about the hidden treasures that are sought. In such a
case, it is often advisable to sink the smaller shaft and
endure the extravagance of hoisting without a balance.

2479. Suppose that, instead of being direct-acting, the
engine is on the second motion. It is evident that the size
of the cylinders can be reduced, although the horsepower
will remain the same, owing to the increase in the number of
revolutions. Thus, if the ratio of the gear to the pinion is
3 : 1, that is, if it takes three revolutions of the pinion to
turn the drum once, the engine will make 6 strokes per
revolution of the drum instead of 2, asin the previous cases.

If we represent by 7, the ratio of the gear to the pinion,
in other words, if the diameter of the gear is 7, times that
of the pinion, formula 211 may be altered slightly to
apply to second-motion engines. It then becomes

VA
D=1.9" —1—,r—”l (212.)

Formula 212 may be expressed in words as follows:
The diameter of the cylinder of a sccond-motion cngine is
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equal to 1.97 times the cube root of the quotient obtained by
dividing the work in foot-pounds per revolution of drum by
the continucd product of the M. E. P. in pounds pcr square
inch, the ratio of the stroke to the diameter, and the ratio of
the gear to the pinion.

ExaMpLE.—Suppose that the work to be done per revolution of
drum is 152,580 ft.-lb., that the stroke is 1§ times the diameter, and

that the gear has 3} times as many teeth as the pinion; what should
be the size of the cylinders, the M. E. P. being 45 1b. per sq. in.?

SoLuTioN.—In this case » = 14 = 1.%5, and », =8} =3.5.
Applying formula 212,

] 5 )
D=1974) L P2 _18.18in., say 18in. Ans.
BXLHBXI5

Then, .=16 X 14 =28in. Ans.

2480. Steam and Compressed-Air Engines.—So
far, nothing has been said about the kind of power utilized
by the engine. It may be either steam or compressed air.
In most cases, where the engine is located on the surface,
steam is preferable, because it can be obtained directly from
the boiler without the intervention of an air-compressor and
the consequent loss of total efficiency; but this is not al-
ways so. Consider the case of a mining plant which has
compressors for supplying air for rock-drills, and where it
becomes necessary to sink a shaft at a distance from the
main works, and at a point where it would be very difficult
to take fuel and water. Steam carried a long distance in
pipes loses much by condensation; and, furthermore, com-
pressed air must be carried to the new shaft for the rock-
drills. It is quite evident, under such circumstances, that
the engine should be supplied with compressed air instead
of steam. -

Again, it is often necessary tohave ashaft or slope entire-
ly underground; that is, to have the hoisting-engine and
drum placed there, too. In such a location, steam would al-
most always be barred out on account of the heat and
moisture that would be liberated with the exhaust. On the
other hand, the exhausted air from an engine driven by com-
pressed air would be cool and dry, and would supply fresh
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air to the miners. Hoisting-engines may then be driven by
steam or compressed air, and it would be well to know which
is to be used when deciding upon the engine.

2481. Throttle-Valves.—The throttle-valve of a
hoisting-engine, whether the engine is designed to be run
by steam or compressed air, should be balanced, so that it
can be easily opened or shut by hand; and it should be of the
lever type, so that it can be opened or shut quickly. There
should also be a supplementary valve close to the throttle
and easy of access, which can be shut in case of any trouble
with the throttle. This may be of the screw type, should
be absolutely tight, and should be closed whenever the en-
gines are to stand for a considerable length of time.

2482. Cylinder Relief-Valves.—In any steam-
engine some of the steam that is admitted to the cylinder to
do the work is condensed, partly by the absorption of its
heat by the cylinder walls, and partly by the conversion of
its heat into work. This produces water, which must al-
ways be taken care of. Let us for a moment follow out the
operation of an engine. The piston is at one end of the
cylinder. Steam is admitted behind it, and forces it along
the cylinder to the other end, condensing somewhat during
that time, and leaving the cylinder full of steam (at a lower
pressure) and water. The return stroke now takes place,
and this steam is let out through the exhaust-valve, while
the water is pushed along the bottom of the cylinder, grad-
ually increasing in depth as its area is decreased, until it
reaches such a height that it can also get out through the
exhaust-valve. It can not get out quickly enough, however,
and towards the end of the stroke the exhaust-valve is closed,
thus shutting in the water that is left. Now, if this amount
is more than enough to fill the clearance space, that is, the
space between the piston at the end of its stroke and the
valve, trouble will follow, because the piston must go on to

_the end of its stroke, being controlled by the revolution of
the crank and the inertia of all the moving parts of the
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engine. As water is non-compressible, the result in such a
case would probably be the blowing out of the cylinder head.

Now, with a hoisting-engine, where the running is inter-
mittent, the cylinders have time to cool down considerably
during the stoppages, and there is, consequently, much con-
densation at the beginning of each hoist. To take care of
this water of condensation, therefore, all hoisting-engines
should be provided with some sort of relief-valves. On
small engines it has been found sufficient to have drip-cocks
at the bottom of each end of each cylinder, so arranged
that they can be opened and closed readily by the engineer;
but with larger engines it has often been found necessary to
have valves of larger area held shut by a spring, and ar-
ranged to be opened automatically by any excessive pressure
in the cylinder.

21483. A very exccllent device for this purpose is a
combined rclicf-valve, such as is shown in Fig. 892, or some
modification of it. The idea here is to have a small valve 4

A

,,,,,,,,,,,

FiG. 8y2,
opening in towards the cylinder and held open by a spring, so
that any water that is in the cylinder at the end of the hoist,
or that would accumulate in the cylinder from leaky valves
during a stoppage, can drain away. When the steam is
admitted to the cylinder to make a hoist, it shuts this valve
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and holds it shut by its pressurc. Now, it will be noticed
that this valve seats on another valve 2, which opens out
from the cylinder, but which is held shut by a heavy spring
against any ordinary pressure in the cylinder. In case of
any excessive pressure due to water in the cylinder, or other
causes, this larger valve will be forced open, and thus relieve
the pressure.

DRUMS.

2484. Having considered the motors available for a
hoisting plant, the next subject requiring attention is that
of the drums. These are of four kinds, which will be taken
up separately. They are as follows: Cylindrical Drums;
Conical Drums ; Reels; Rope Wheels.

CYLINDRICAL DRUMS.

2485. Cylindrical drums probably form the largest
class of drums in use. Fig. 888 shows a cylindrical drum of
the simplest type. This is a plain iron cylinder with a flange
at each end to prevent the rope from running off. It is
designed for a hemp or manilla rope and for a short hoist.
Its diameter is too small to allow an iron or steel rope to be
wound upon it, and it has not the capacity to wind any
considerable length of rope, although in a case like this it
would be permissible to allow the rope to wind upon itself
after once filling the drum. Fig. 889 shows a similar drum
of larger diameter. Such a drum is also only applicable to a
short hoist, although it would be large enough to wind the
small sizes of iron and stcel ropes. In Figs. 890 and 891 are
shown two cylindrical drums, essentially alike, built for
larger and heavier service. These are each of cast iron, and
each has a spiral groove cast or turned in it for the rope to
lie in as it is wound. In such cases, and, in fact, whenever
metal ropes are used, it is not good practice to allow the rope
to wind upon itself, because the different coils wear upon each
other, although this is sometimes done. The drum should
be built large enough to take the full length of the rope
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required by the hoist,running over the drum only once. For
cxample, suppose we are required to make a hoist of 1,000 feet
and to lift a load which would require a 1}-inch steel rope.
Thediameter of the smallest drum which it would be advisable
to use is 1} in. X 60 = 6} ft., and the diameter at the center
of the rope when wound upon the drum is 6 ft. 4} in. The
corresponding circumference, or the length of one coil of rope,
is nearly 20 ft. To wind 1,000 ft. would require 1,000 = 20 =
50 turns on the drum. To this should be added at least one
turn, say one and a half turns, at the end of the rope, to
afford friction, so that all the strain will not come on the
fastening; and about three turns should also be added for
possible overwinding. This makes 544 turns to be allowed
for on the drum. If the drum is of iron with grooves
turned in it, we must allow } inch between adjacent parts
of the rope, or 14 inches from the center of one turn to the
center of the next turn. This gives 54} X 14 inches = 81}
inches, or 6 feet 9% inches for the length of the drum
between the flanges.

2486. The drums shown in Figs. 890 and 891 are made
of cast iron, in one piece, and are of the design shown in
Fig. 893. This makes a very good drum for small sizes.

The smaller sizes of drums, such as have just been con-
sidered, are also often made of wooden lagging carried on
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FIG. 893.

cast-iron spiders. In this case it is not necessary to allow
the } inch clearance between the coils of the rope. It can
wind against itself, and so take uponly 1} inches. The drum
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would then need to be 544 X 1} inches = 684 inches, or 5 feet
8% inches long. Such a drum as this is shown in Fig. 894.
It is intended for a direct-acting hoisting-engine, 4 being
both the drum shaft and the crank-shaft. 25 and 5’ are the
journals, and C and C' are the ends to which the cranks
are fastened. Two kinds of cast-iron spiders 2 and D' are
shown, one with a flange and one without. The spider with
a flange is better than the other, but it costs more, and if a
flange is not used, extra length must be added to insure that
the rope shall not run off the end. In very long drums of
this style, it is found necessary toadd a third spider midway
between the other two to stiften the drum against collapsing.

F1G. 804.

The lagging is bolted to the spiders, and the bolt-heads
should be countersunk into it so as to clear the rope after it
has bedded itself into the wood.

2487. Larger drums than the foregoing are often
necessary, in order to wind larger ropes and greater lengths
of rope. They are found as large as 30 feet in diameter
and 20 feet long. Such drums are necessarily built up of
several pieces. There is the hub, or sleeve, to go on the
shaft, made either in one or two pieces, and with or without
arms. Then there is the rim, made up of four, six, oreight
segments, bolted together to form a cylinder. And, finally,
there are the arms. These are made of cast iron, and de-
signed to withstand compression, or of wrought iron, and
designed to withstand tension. The latter method makes a
lighter drum, though possibly a more expensive one.
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CONICAL DRUMS.

2488. The conical drum is similar to the cylindrical
drum, except in the form of its winding surfacc, which is in
the shape of a frustum of a cone instead of in the shape of
a cylinder. Conical drums are designed to take the place
of cylindrical drums when it is necessary or advisable to
equalize the load on the engines due to the weight of the
rope. Suppose we have a single-compartment vertical
shaft 800 ft. deep; that we are required to hoist 5,000 1b. of
material at a trip; that the weight of the mine-car to be
used is 3,000 1b.; and that the weight of the cage is 3,0001b.

The load on the rope would then be:

Weight of material............. 5,000 1b.
Weight of mine-car............ 3,000 1b.
Weight of cage................ 3,000 1b.
Weight of rope, say............ 3,000 Ib.

Total ...covvveennnnn. 14,000 1b

Let us use a cast-steel rope having 19 wires to a strand
and a factor of safety of about 10. The breaking strength
of the rope should then be about 14,000 1b. X 10, or 140,000
Ib. By consulting Table 46, it is seen that a 1g-inch rope
has a breaking strength of 63 tons, or 126,000 Ib., and that
800 ft. of it weighs 2,400 lb. Using this corrected weight
to sum up the load on the rope, we have, instead of the
above.

Weight of material............. 5,000 1b.
Weight of mine-car............ 3,000 1b.
Weight of cage................ 3,000 1b.
Weight of rope................. 2,400 1b.

Total ................. 13,400 1b.

The breal-ing strength divided by this total load gives 9.4
as the factor of safety, which is sufficient. Now, the mini-
mum diameter of a drum on which a 18-inch rope, having
19 wires to the strand, should be wound is 60 times the
diameter of the rope, or 1§ in. X 60 = 824 in., or nearly 7 ft
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Let us then decide upon'a drum 7 ft. in diameter, and we
have the necessary data to go on with our calculation. At
the beginning of the hoist, when the cage is at the bottom
and has a loaded car on it, the load is 13,400 pounds, as
above. This load is supported at the circumference of the
drum, and if we multiply it by the radius of the drum, we
will have a turning moment that must be overcome by the
engine in order to make the hoist. This turning moment is
13,400 pounds X 3% feet, or 46,900 foot-pounds. At the end
of the hoist the load is 11,000 pounds.

That is,
Weight of material........ 5,000 pounds.
Weight of mine-car........ 3,000 pounds.
Weight of cage............ 3,000 pounds.

Total ............. 11,000 pounds.

Multiplying this by the radius of the drum, the turning
moment is 11,000 pounds X 3% feet, or 33,500 foot-pounds.
From this it appears that with a cylindrical drum the load
against the engine is much greater at the beginning of the
hoist than it is at the end of the hoist.

2489. Let us now examine another case. Suppose we
have a double-compartment vertical shaft of the same depth,
and that we are to hoist the same amount of material at a
trip, in the same mine-car and on the same cage; but that
an empty car and cage will be lowered in one compartment
while the loaded car and cage are hoisted in the other. The
two cars will then balance each other, the two cages will
balance each other, and the loads will be as follows: At the
beginning of the hoist, when the loaded car and cage are at
the bottom, the gross load is 13,400 pounds.

That is,
Weight of material......... 5,000 pounds.
Weight of mine-car ....... 3,000 pounds.
Weight of cage ........... 3,000 pounds.
Weight of rope........... 2,400 pounds.

Total.........euns 13,400 pounds.
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Multiplying this by the radius of the drum, the gross turning

moment is 13,400 pounds X 3% feet, or 46,900 foot-pounds, as

before, but there is a counterbalancing load of 6,000 pounds.
That is,

Weight of mine-car ....... 3,000 pounds.
Weight of cage ........... 3,000 pounds.
Total............. 6,000 pounds.

This means a counterbalancing turning moment of 6,000
pounds X 3% feet, or 21,000 foot-pounds. The net turning
moment to be overcome by the engine at the beginning of
the hoist is, therefore, 46,900 — 21,000 = 25,900 foot-pounds.

At the end of the hoist there is a gross head of 11,000

pounds.
That is,
Weight of material........ 5,000 pounds.
Weight of mine-car........ 3,000 pounds.
Weight of cage ........... 3,000 pounds.
Total ............ 11,000 pounds.

This is equal to a gross turning moment of 11,000 pounds X
34 feet, or 38,500 foot-pounds. We also have a counter-
balancing load of 8,400 pounds.

That is,
Weight of mine-car ....... 3,000 pounds.
Weight of cage ........... 3,000 pounds.
Weight of rope ........... 2,400 pounds.

Total ............ 8,400 pounds.

This is equal to a counterbalancing turning moment of
8,400 pounds X 3% fect, or 29,400 foot-pounds, and leaves a
net turning moment against the engine of 38,500 — 29,400 =
9,100 foot-pounds. In other words, the turning moment
that the engine has to supply varies from 25,900 foot-
pounds at the beginning of the hoist to 9,100 foot-pounds at
the end of the hoist.

2490. It is to equalize the two loads and to give the
engine the same amount of work to do throughout the hoist
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that we resort to the conical drum; for it will readily be
seen that the great difference in the two loads figured is due
to the weight of the rope, and that if the radius of thedrum

VN 7AN
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varies in the opposite direction to the variation in the load
due to the rope it will eliminate this difference. To deter-
mine what these radii of the drum should be, we will refer
to the accompanying diagrams, Figs. 895 and 896, which
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represent the proposed hoist fitted with conical drums. In
Fig. 895 we have the condition at the beginning of the
hoist. Cage B is at the bottom and carries a loaded car;
cage 7 is at the top and carries an empty car; and we are
ready to make the hoist. The turning moment which the
engine must overcome is equal to the weight of the material
to be hoisted plus the weight of the cage and car at 5, plus
the weight of the rope, multiplied by the small radius of the
drum, minus the weight of the car at 7, multiplied by the
large radius of the drum.
Suppose now that the hoist has becn made and that we
have, as shown in Fig. 896, the condition of things at the
end of the hoist. The cage with the loaded car, which was
at / and hanging on the small diameter of the drum, is now
at'the top at L and hanging on the large diameter. The
cage with the empty car, which was at 7" and hanging on
the large diameter of the drum, is now at the bottom at £
*and hanging on the small diameter. The turning moment
which the engine must overcome is now equal to the weight
of the material hoisted plus the weight of the cage and car
at L, multiplied by the large radius of the drum, minus the
weight of the cage and car at Z, plus the weight of the rope,
multiplied by the small radius of the drum.

2491. Now what is desired is that the load against the
engine at the beginning of the hoist shall be equal to that at
the end of the hoist. To determine what diameters of drum
will produce such an effect, we have simply to make an
equation of the two loads, and then solve the equation for
the relation between the two diameters.

Let M = the weight of material;
C = thc weight of cage and car;
R = the weight of rope;
D) = the large diameter of drum;
d = the small diameter of drum.

Then, writing down the loads, as above, we get this
equation:

(M+C+R)d—CXD=(M+C)D— (C+R)d.
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