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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 orc 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 1b., and an empty car 1,500 1b., 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 oftered by the rope is caused by (a) its
weight, and (4) the friction due to its weight. To move the
rope up theincline regardless of friction requires 2,000 X .04,
or801b. To this must be added the friction, which amounts
2,000

40 ’
the ropc 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 the loaded car. On a 4 per
cent. incline the 2,500 Ib. 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

40
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

or 50 lb., making the total force required to move

to

empty cars, or =137.51b. Now, we know that
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the rope will be cqual to (2,000 X .06) - ‘2“'4%(1(2 =1701b.
The pull exerted by the 2,500 lb. of coal will be 2,500 X
.06 = 150 1b. The friction due to the coal and the two cars

will be 4’000;!(_) 1,500 _ 137.5 1b. This must be subtracted
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 lb., 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
170

the rope is 170 lb., it will require in each trip o= 13.6,

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.

23086. 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 scen 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 to provide for
checking the acceleration of the cars, dangers of a manifold
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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
AM and N. When the empty train // H reaches the head of
the incline passing out of the track /, it passes on to the
empty car line O; then two loaded cars passing out of L are
automatically switched onto /V, for the empty cars, in pass-
ing out of IV, set the switch for the loaded cars to run onto JV.

2308. A vertical section of the incline is seen in the
lower portion of Fig. 811. The loaded cars are descending
at F F, and the empty cars are ascending at // /. The
rope from the top of the reel is attached to the full cars F, F,
and the rope from the under side of the reel is attached to
the empty cars /, 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 fleet-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
of the tracks is like that illustrated by Fig. 813. In this,
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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, 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 in this 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 illustration 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 the incline.

JI'. 11—

A
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In Fig. 816 a side 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 fleet-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 reel. 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 B, C, Fig. 818.

B and C are called the jaws of the grip. Therope 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 in a 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, head-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, aréused 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 F10. 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 tops of 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 ropesis 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 ':U{
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 N
surging over towards s, or, as the rope runson, gl
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 4, 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 drumsin such a way that, if we denote the
wheelsby 4, B, C,and 4, B,, C,, respectively, the rope passes
balf round A, and from 4 to A,; then from A4, to B, and
after passing half round B, to B,, and after passing round B,
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 4old or grip of
the rope increases directly as the square of the number of
coils. If there are two coils on a fleet-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 each wheel
are equal to three whole coils on one. Therefore, when the
double wheels are 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 each, 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 reels, 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 tothe 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 B4 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

e

F16. 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 B
to the varying grade 4 £ 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 /2 up to 7 and the
full cars from £ to A4 by their inertia, the velocity of
the empty train, on reaching B, and the velocity of the full
one, on reaching A, is so low as to require no brake-power
to unduly strain the ropes. From thisit will be noticed that



18 MINE HAULAGE. §22

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 G 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 F 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 self-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 actionof 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 vclocities. A brake of the former kind is shown
in Fig. 823. Its mode of action is that of a friction-block

such asis found on railway freight-cars. The blocks ¢, & are
attached to upright levers 2 and 4, and they are put into action

by a series of levers and
rodse, g, 4,7, and k. The
lever by which the brake
is applied is seen at # m.
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-

Fi1G. 84.
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wheel is seen at 4, and is surrounded with the brake-strap
which connects with the two short arms of the lever B. 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 rope 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-plane 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 engaged 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 operative 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, second, the maximum length
and minimum pitch of a gravity-plane that will act efficiently.

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 whkich they move for a given amount of
fall. For example, suppose a body has to move down an
incline through a distance of 100 feet 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 +§5 X
80 = 6.4 pounds.

2. The forces on inclines are inversely proportional to the
lines along whick they act when those lines are parallel to
the direction of the movementsof the balancing bodies. For
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example, in A, Fig. 825, the body or weight L is moving
up or down the incline a &; therefore, the force that
moves it is acting aiong the
line g/, which is parallel to
a b. Again, the balance-weight
W is moving in a line rs, and
this is parallel to the vertical
line b¢c. Since bc¢ is one-half
of the length a4, if L weighs
120 pounds, ¥ must weigh 60
%:4}. This
is true when the velocities of
bc and b a are equal, and when

the force moving L is parallel
0 to the direction in which L

moves, assuming that the bal-
ance-weight IV falls through a distance equal to that
through which the load L 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 B, Fig. 825,
the load is moving from & to ¢, and the force is then acting
along the line 7 7. The force then acting along the line ¢
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 /mclined Plane in
Mechanics.) Again, if the load L is in the position x, the
weight I¥, 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.

pounds, because

FI1G. 825,
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3. If the weights 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, A, will have to move from 4 to & in
the same time that ¥/ moves from & to c.

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

2325. 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:

W, = the weight in pounds of the descending loaded car:
I, = the weight in pounds of the ascending empty car;
W, = the weight of the hauling-rope in pounds;

a = 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 a IV, .
The force required to overcome the resistance due to the

tope, rollers, and drums isequal to %)—’—
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Denoting the total force required to overcome the weight
and friction of the rope by F,, we have

F,=aW,4+ '{01. (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
F,=aW.+%=(.08x4.000)+
420 pounds, the tractive force required.

4,000 _
™=

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,—1IV). (198.)

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

F=a(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.+T——(osx4ooO)+5ﬂ°=

420 Ib., the force required to move the rope.

Applying formula 199, we have

F=a(W,— W) — Lw .08 (4,000 — 1,800)— m

81 Ib., the available gravity force due to one pair of cars.
Therefore, the number of cars that must run in a train is equal to

W, (W, + Wy) — _ .
( w)+[a(W.—Wg)—T ﬁ_13.ts4+,
or, 14 cars in a train. Ans.

ExaupLR.—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

e = (07 x 4,000 + 200

FR=aW;+— 20

880 1b., the tractive force requnred for the rope.
Applying formula 199, we have

F=a(w,—wy—E B _ 74,000 - 1,800) @00 L1000 .

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

ExampLE.—The grade of an incline is 6.8 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.+—If—-=(066x4000)+M

864 1b., the tractive force required for the rope.
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Applying formula 199, we have

F=a(w,—wy) = ) _ o6g 5 (4,000—1,800)— 000-1.800)_

.2 1b., the available gravity force due to the load.

Therefore, the number of cars in a train is equal to %= 1,820
cars. Ans.

It is plain, however, that such a number could not be
made 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 feet, or
12,740

a train would be 2,000

= 6.37 times the length of the incline.

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
does 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.

SoLuTiOoN.—Applying formula 197,

7
Fi=alVy+ —'4'0’. =.20 (200 X 1.2) + ?_Q‘L:)jﬁ = 541b.,
the resistance to be overcome in moving the full length of the rope.
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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 1b. ; applying formula 199,

F=¢(W;—W,) M .20 (4,000 — 2,900) — (410004';2:900)=

41.5 1b., the available gravnty 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 anincline 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.

ExanpLE.—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.

SorLution.—Applying formula 197,
F,_aW,+%— 1><240+- —_801b
the resistance to be overcome in moving the rope.
Applying formula 199,
F=a(W, = W,)— M .1(4,000 — 2,800) —

110 -172.56 = — 62.51b. = 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

(4,000 +2,900) _
T R

F. 11—
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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 + 200) — 172.5 =
227.6 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 — 80 = 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 the rope. If
the tension found is too much for the rope, then a heavier
one must be assumed and tested.

ExaMpPLE.—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 7T equal the tension in the rope. Then,
(10 W+ W)
Tr= 40

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

7 (10 X 1,800 + 2,280)
40

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

ropeshould be 7 times as strong as the calculated quiet load.

+ a(10 1V, + W)

Then, +.08(10x 1,800+2,280)=2,129.41b. Ans.

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 @, 4, and ¢, pivoted to the rails
as shown. To the tongue @ is hung a weight =, in
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consequence of which it is always kept closed; i. e., 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
B, where they may be let down the
incline, the tongue being closed by
the weight 7 after the cars pass over.
The cars coming up the slope 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 B move the tongues 4 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 B 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
be placed at the junction where
the two rails unite with the parting.

FIG. 826. In Fig. 827 is shown an automatic
switch, which may be used at such a place. Here two
timbers .4 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 4 and 5 are two timbers pivoted at C
and D, respectively. The end of each timber is shaped as
shown, and iron-bound. Directly in the center between
thesc timbers is fastened an iron plate £ having a slot in it
through which the vertical part F/ of the rod G may be
moved back and forth. The timbers 4 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 X, and are connected
together by a rod Z, at the centér 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 A7 takes track AV,

F1G. 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 /7 of it sliding
in the slot of the plate ~ to the left also, which causes the
ends of the links // and 7 fastened to it to go with it, thereby
causing the blocks 4 and 7 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 4/, thereby again placing the
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 /V 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 A,
thereby again placing the timbers A4 and B 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 B, 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 ¥ 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 endof the shaft Bis keyed alever D (placed
at one 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 F, and run
along it until the front axle of the first car strikes the pro-
jecting part @ 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 @ 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 is than released, and the part a 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 E. After the cars have
passed over it, the projection a is again brought up by the
weight IV 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

mo .

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 F and depressing the projection @ as before, passalong
track £, after which the projection a is again brought to
its original position by the weight I¥. 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 [V, and
the empty cars coming up the slope depressing the projec-
tion a. 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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23358. 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 A and B, 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 Z will be prevented
from descending the plane. After the rope has been fast-
ened to the cars, the timber B 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 F find the

Fi1G. 8%.

timbers in the position shown on that track, and pass along,
after which the timber 4’ is swung over the track, and is
locked by the timber B’ as shown by the dotted lines. On
the next trip the loaded cars coming along track /' this timc
find the track closed. After the rope has been fastened to the
cars, the timber /' is swung over, and the cars are let down
the slope, the timber A’ being moved by the wheels to its
original position. The empty cars coming up the slope on
track £ find the timbers A and 2 in the position shown by
the dotted lines, and pass along, after which the timbers 4
and B 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. 881,

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
Dis pulled to the right, thereby swinging the bar A4, the
projecting curved part clearing the axles, and the car passes.
After the rear axle has passed over the projecting part of the
bar 4, the lever D is released, and the weight ¥ 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-

7
W

N

Fi1G. 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 4 and 73 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 W 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 /, 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 //. Tothe other leg of the bell-crank A 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 / toswing the
pointed ends of the timbers 4 and B 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- Rf
tached to a wire # led to the head ¥ &
of the plane. This arrangement
admits of the empty cars being run
up the slope, since the wheels force
over the tongues 4 and B to the
position shown in dotted lines.
When the loaded cars come down
the slope, the tongues A and B
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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. Incasethe 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
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the direction of the pitch is such that the loaded cars must
be hauled up grade. By reference to A4, Fig. 834, the direc-
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tion of the pitch is such that the trains must be hauled up
grade, whereas in 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 theincline 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 A, 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, asin 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 haiilage 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
toallow 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,

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

i,

) T\

FiG. 839.

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

F1G. 840. FIG. 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

F. 11—}
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train. Its mode of operation is as follows: As the train
runs up the incline, the bar trails over the ground. Should
the rope or one 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 A/, 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 the 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 modified 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-plane is
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



§ 22 MINE HAULAGE. 45

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

P16, 843.

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
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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, proceed 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 W = the total weight of the train;
w = the weight of the rope;
C = £ = the coefficient of friction;
a = the grade, per cent.;
T = the tension in the rope in pounds.

Then, 7= (W+ “’)+ (W+w).  (200.)

ExaMPLE.— 20 loaded cars weigh 4,000 pounds each, and the hauling-
rope is 5,000 feet 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 1b.;
and, therefore, the total tension in the rope is
2,110 + 2,582 = 4,642 1b. Ans.
The total tension can be found by substituting the values in
formula 200 ; thus,
= (W 4—:—) w)
(20 x 4,000) + (5,000 X .88)
40

=2,110 Ib.

+ a(W+ w) =

+ .03 [(20 X 4,000) + (5,000 X .88)] = 4,642 1b.

EXxAMPLE.—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 1,058 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 83,000, the quotient will be the horsepower required.

1,056 X 4,642
33,000

SoruTioN.—The velocity of the train is = 1,066 feet per

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

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. For 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.

ExaAMPLE.— 25 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 18 miles per hour. What is the tension in the rope and
the required horsepower of the engine?

Sow'rxon.—_- W =25 % 4,600=115,000 1b.;
w =1.2 % 6,000= 7,200 Ib.
Substituting these values in formula 200, we have
(W +w)
T="—7p—
115,000 + 7,200
40
The velocity of the train is

9,165 X 1,144
83,000

+a(W+w)=

+.05 (115,000 + 7,200) = 0,165 Ib. Ans.
20X _ 1,144 ft. per min.; there-

fore, the horsepower is =817T.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 W in the preceding example is %O=
57,600. One-fourth of w is 7’100 = 1,800 Ib., and the

velocity per minute is, for 26 miles an hour, equal to

26 X 5,280 _ 2,288 ft. Using formula 200, we have

60
W4 w
7= | o (4w =
87,500 + 1,800 | o5 (57,500 + 1,800) = 4,447.5 b,

40

2,288 X 4,447.5

33,000 = 308.4 H. P. Ans.

and



§22 MINE HAULAGE. 49

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 a case, 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 A, B, C, and D, at
each 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 isrequired 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 30 = 42,000 Ib.

9
(W +w) = (4‘"00043' 7.040) = 1,226 1b., the resistance due to friction,

40
and ¢ W = .03 X 42,000 = 1,260 1b., the resistance due to gravity. Then,
1,226 + 1,260 = 2,486 1b., the tension in the rope. Again, 12 miles an
5,280 x 12
60

required horsepower is

= 1,056 feet per minute; therefore, the

1,056 x 2,480
33,000

2353. From the foregoing, the following equation gives
the tension in the rope of an engine-plane having a return
rope:

hour is equal to

= 79.552 H. P. Ans.

7= '—V;z “1aW.,  (201.)

Also, if v = velocity in feet per minute, and A = the horse-
power, the following equation gives the horsepower required
to operate the plane: r
v

H= 33,000°
The student should here carefully note that in this case the
resistance due to gravity is .03 IV instead of .03 (/4 w),
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 dif<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>