42 ELECTRIC RAILWAYS. § 25

headlight to be used on a car that has two five-lamp circuits.
The removal of the headlight from either end of the car

G

Fi1G. 57.

automatically cuts the fifth car lamp into circuit on that
end to take its place.

BRAKES.

INTRODUCTION,

52. One of the most important items in the equip-
ment of a car is the brake. Most of the cars in common
use are equipped with hand-brakes, in which the brake
shoes are forced against the wheels by a system of levers
operated by the handle under the control of the motorman.
The general tendency has been to increase the weight and
size of cars, and hand-brakes have in many cases been found
inadequate to control them. This has resulted in the intro-
duction of air brakes, in which the shoes are pressed
against the wheels by means of a piston connected to a
series of levers; this piston is operated by means of com-
pressed air. Another type of brake which as yet has not
been used very extensively is the momentum brake, in
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which the force necessary to press the shoes against the
wheels is supplied by the energy stored in the moving car.

53. On cars rigged with hand-brakes, the brake handle
is the force arm of the first lever of the series of levers that
press the shoes against
the wheels. Fig. 58 is |'—-14:—'|
a sketch of the parts ()P '
involved in this lever.

The amount of pull on  “arare '

the rod depends on how P\ sus
much longer the brake t T gearing
handle is than the radius
of the drum and on how
much of a pull the mo- | I
torman is able to exert
at . Suppose that the
brake handle is 14 inches
long. Call the diameter
of the drum 1} inches. 0 T0—Rarcher

When a brake chain =
made of 2-inch stock is 9% = C/‘;f—;;‘_‘\f"%ﬁpo ——
wound up on this drum, ~ fag”
the average diameter of Y rm
the wrap of chain will be ¢
about 2% inches; one- Bearing
half of this diameter, or
FIG. 58.

18 inches, is the short

arm of the lever of which 14 inches is the long arm, making
the leverage of about 10 to 1. Some men are able to pull
on a brake handle much harder than others. We will
assume that the average man can exert a maximum pull of
200 pounds. The pull exerted on the brake rod will then be
2,000 pounds.

54. Shoe Pressure.—The amount of pressure required
to brake a car depends on the weight and speed and on the
number of wheels that have shoes applied to them. If a car
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has eight wheels and the brakes are applied to four of them,
the pressure per brake shoe must be the same as would be
necessary were all the wheels supplied with shoes, because
the braked wheels carry only one-half the total weight of
the car; the maximum pressure to be applied to a wheel
depends on how much weight the wheel supports. To
avoid sliding, the pressure applied to a wheel should be a
little less than the weight it supports.

55. TFriction.—The amount of pressure necessary to
cause a wheel to slide depends, of course, on the amount
of friction between the shoe and wheel. How much of the
pressure applied to a wheel is useful in stopping a car
depends on the nature of the material of the shoe and wheel.
Some car wheels are soft and others hard; the same is true
of brake shoes. For a given hardness of wheel, a soft shoe
will give more friction at a given pressure than a hard one,
but it wears out sooner. Also, the amount of friction
between a shoe and wheel changes with the speed of the car.
The friction increases as the speed decreases, so that at high
speeds a much greater pressure can be applied without
sliding the wheel than at low speeds; from this it follows
that in bringing a high-speed car to a stop, the brake should
be eased up a little as the car slows down. Under different
conditions of speed and brake shoe and wheel composition,
the friction between the shoe and wheel varies from 15 to
35 per cent. of the applied pressure; that is to say, if a
pressure of 10,000 pounds were applied to the shoe, only 15 per
cent. of this possibly might be accounted for as retarding
the car. '

56, Itis a well-known fact that the friction between a
shoe and wheel is independent of the amount of surface
exposed between them. For a given total pressure applied,
the effect of varying the surface of a brake shoe is simply
to vary the pressure per square inch; this is true when the
wheel is perfectly round and the shoe truly concentric with
it. There is, however, a growing tendency to use long
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brake shoes, because they not only tend to keep the wheel
round, but since the pressure per square inch is less, they
last longer,

5%. Condition of Rail.—An important factor to be con-
sidered on trolley roads is the condition of the rail. The
T rail on steam roads is mostly laid in the open country and
offers very little inducement to the accumulation of snow
and slush upon its top. Where a T rail is used in trolley-
road construction, it has the same advantages. Trolley
roads have paving conditions to contend with and must
use a girder rail, whose flat top and open groove are very
inviting to foreign substances.

When the rail is slippery, it is an easy matter to apply
too much brake pressure, thereby causing the wheels to slide
and make flat spots on them. To offset the disadvantage of
a slippery rail, it is the custom to use sand. The use of
sand greatly improves the rolling friction between wheels
and rail, but most managements make the mistake of sand-
ing only one rail instead of two. With sand on one rail, the
volling friction averages 30 per cent. of the weight on the
wheel.

58. When a car rests upon a rail, there is a certain
amount of friction between the wheels and rails, and this
friction increases as the weight on the wheels increases. It
would take a certain number of pounds pull on the rim of
a wheel to turn it against the friction of the rail without
moving the car. Also, when the car is in motion, if, in the
effort to stop the car by means of the brakes, the latter are
set up so tight as to lock the wheels and cause them to slide,
the friction between the wheels and rails tries to make the
wheels roll again. It is this friction that in the previous
article was said to be 30 per cent. of the total weight of the
car. The total pressure to be applied to the brake shoes
depends on the leverage of the brake rigging, on its condi-
tion, and on the pull on the brake handle. The fraction of
this pressure that actually retards the motion of the car
depends on the friction between the shoes and wheels.
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59. TFig. 59 shows a very common form of single-truck
brake rigging, most of the parts of which are designated in

T
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F is a pin in commonto L and /5.

the figure. Brake beams B, B
are supported on the ends and
slide in cast-iron pieces fixed
to the side frames of the truck;
they are called brake-bean: cast-
ings. Fig. 60 shows the general
idea. A is the slide casting,
B the beam, and /& the truck
member that supports the
casting. Equalizer rods 7, 7
(see Fig. 59) connect to equal-
izer bars /., /£ and are erro-
neously said to equalize the
pressure on all brake shoes.
Under the most favorable
circumstances, they partially
equalize the pressures against
the two wheels on the same
axle. Each equalizer rod ends
in a jaw /, to which the equal-
izer bars are rigidly connected,
but in which the brake beams

_.move freely. Fig. 61 shows

the construction. R is the
rod; /, the brake jaw; /5, the
beam; and Z, the equalizer
bar. In Fig. 59, links A, H
are connected to the brake
levers L, L and equalizer bars
by means of pins. Links 7/, /
connect the brake lever and
brake beams. Fisa pinaround
which L and /¢ can move and
In the diagram, the brakes

are shown to be off and the shoes have been pulled away

from the wheels by the release springs.

One end of each

This electronic image is Copyright 2001 by George W. Schreyer. All rights reserved



§ 25 ELECTRIC RAILWAYS. 47

spring is fixed to a lug on a car truck and the other end to
the brake beam or shoe head. Brake slides wear badly and
give trouble in winter time by get-
ting stopped up with frozen mud; the
main objection is that the harder the B
brakes are set, the harder the brake
beams press against the brake slide F1G. 60.
castings, with the final result that the harder the brakes
are set, the harder it is to set them. The operation of the
T brake will be appar-
jW—J) . ent from an exami-
8 V% B _nation of Fig. 59.
Flc. 61. The force exerted
on the pull rod £ draws the brake beams 75, B together,
and thus presses the shoes S, S against the wheels.

POINTS ON CARE OF RIGGING.

60. The main points to be observed in caring for brakes
on single trucks are the following: See that all brake-staff
bearings are kept lubricated. They should be oiled fre-
quently, using but little oil at a time, to avoid soiling
the passengers’ clothes. The brake-staff ratchet wheel
should not be allowed to run with teeth missing nor should
the dog be allowed .to have a blunt point; both should be
renewed as soon as defective. Particular care should be
taken to see that the action of the ratchet brake handle is
perfect. If the handle ever fails to catch while being applied
and the clicking noise emitted on release seems to be weak,
it means that the dogs inside the handle hub have become
blunt or that the springs pressing them into the ratchet have
become weak; such a condition should be reported at once,
as it is liable to cause a serious accident.

61. Should the brake handle appear to be much harder
to turn at one point of its revolution than at all others, it
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probably means that the brake staff is bent. To avoid this,
the brake staff should be well supported on its lower end,
where the greatest strain comes. The brake chain should
be fastened to the staff, so that it will wind upon the staff
and not on itself; otherwise, the leverage will decrease as
the brakes are applied. In case there are any tripod brackets
to support the lower end of the brake staff, care should be
taken that the legs of the brackets are so disposed as not to
interfere with the winding up and paying out of the brake
chain.

62. Inspection of Parts.—All brake-chain fastenings
should be. inspected every day. Every small amount- of
wear weakens a chain, and it is only a question of time when
it will get weak enough to break. Defects are often caused
by some rod or lever rubbing on a part of the car or some
other device., When a brake rod is interfered with, the
friction not only puts extra work on the motorman, but it
may also put so much work on the release springs that they
become useless. The constant rubbing will weaken the rod,
so that in course of time it will break. All rods and levers
may clear everything when the car is light and interfere
with each other or some part of the motor rigging when
the car is loaded. A rod may clear a wheel of one type
and interfere with another whose dish is greater. An
excessive end play in the axle collars will let the motor
over against the brake rods. An excessive load on a car
whose springs have become weak may let the rods down
on top of a gear case or motor. In placing or inspect-
ing a set of rigging, all these points must be kept in mind,
making due allowance for the effects in the increased
weight on the car body, weakening of the truck springs,
and wear on the moving parts of the brake rigging. All
turnbuckles, brake slides, fulcrums, and, on double-truck
cars, the strap hangers, in which parts the brake rigging
slides, should be kept lubricated. Release springs should
be renewed when they become too weak to pull the shoes
to off-position. '
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DOUBLE-TRUCK HAND-BRAKES.

63. Single-truck and double-truck brake riggings differ
in two and sometimes three respects. A double truck con-
sists of two single trucks, each of which has a complete set
of brakes of its own. Both of these trucks revolve around
indepen'dent centers, so that means must be provided to pre-
serve the efficiency of the brakes whatsoever may be the
angle that either truck makes with the center line of the car
body. The third feature of difference depends on whether
all the wheels on a truck are the same size or not. If they
are, constituting what is known as an ordinary double
truck, each of the eight wheels on the car has the same
weight resting upon it, so that each shoe must have the
same pressure applied to it. If, however, the truck has two
large wheels and two small ones, constituting the so-called
maximume-traction truck, the truck is so disposed that the
large wheels support from 60 to 70 per cent. of the weight
of the car.

64. Fig. 62 shows a truck rigging, the action of which
explainsitself. If theshoes p
are properly adjusted, a <
pull of 2,000 pounds at P
will give each shoe a pres-
sure of 5,000 pounds, if
the leverage of PF W is
10 to 1, bearing in mind FI1G. 62.
that the figure shows the rigging on only one side of the
truck.

65. Fig. 63 shows two such truck riggings adapted to
a double truck; the long lever 7 P is secured to the car body
through fulcrum 7/, which is, therefore, stationary. Fig. 64
shows the device used to compensate for the rotation of
the truck on curves. C, C are two pieces of steel bent
to an arc to suit the rotation of the truck. These bent
pieces of steel are variously called ‘circle bars,” ‘‘arch
bars,” and ‘‘existing arches,” and the pull rods from the
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respective trucks connect to their ends. Tension rods X,V
carry on their ends a grooved wheel through which the

A

O
F1G. 63
FI1G. 64.

P

No.1,

circle bars roll as the truck rotates, thereby preserving
the nosition of the brake rigging.
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66. TFig. 65 is a diagrammatic sketch of one-half the rig-
ging used on a maximum-traction truck, where most of the
weight is on the large wheels, so that most of the pressure
must be applied to them. P W F is the truck brake lever
whose fulcrum is fixed to the truck at /. A rod R runs
from W to the brake beam on the larger wheel; at x the

Fi1G. 65.

rod branches, the branch rod » returning to the brake beam
on the smaller wheel. The branch rod is not continuous,
but acts through a spring 7, whose resistance can be regu-
lated by means of a nut not shown in the diagram. The
resisting force of spring 7 and its amount of compression

are an exact measure of the pressure exerted on shoe 5.

ATIR BRAKES.

CLASSIFICATION.

67. Air brakes, as used on electric cars, may be divided
into two classes, known as straight air and automatic air.
In both classes, the brakes are set by allowing compressed
air, stored in a reservoir, to expand into a brake cylinder,
thus moving the piston and operating the brake levers.
In a straight air equipment, the devices are such and are
so arranged that the compressed air passes directly from
the reservoir into the brake cylinder without passing through
any automatic device. In an automatic air equipment,
however, this is not so. Figs. 66 and 67 are diagrams
illustrating the difference. In Fig. 66, when valve X is
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open, pump £ stores air in reservoir K, until gauge G shows
the desired maximum pressure; X, is then closed. To
apply the brake, valve K'is opened; the air in K then expands
into 5, pushing on piston 7, and shoving S against W, To
release the brake, valve A'is closed and A, opened, allowing
the air in B to escape to the atmosphere, so that release

F16. 66,

springs s, s can pull the shoe from the wheel. Valves X
and K, should never be opened at the same time, as this
allows air to pass from R direct to the atmosphere, causing
a great waste of air. Inactual practice, valves X, K, and X,
are operated by a single handle in such a way that waste-
ful connections cannot well be made.

68, In. Fig. 67, the main reservoir M is kept stored by
a pump, both being on the engine or motor car. On each
coach or trailer is an auxiliary reservoir X, a device called a
triple valve, and a brake cylinder 5. M, R, and B connect
to the triple valve, as shown. The triple valve is automatic
in action and has three duties to perform. It must make an
opening between 4/ and R, so that 4/ can store air in &; it
must connect X and 5 to apply the brake; and it must con-
nect 5 to the atmosphere to release the brake. Piston p of
the triple valve can move back and forth. Chamber 4 always
carries main-reservoir pressure. The chamber on the left of
piston p always carries auxiliary pressure. If the pressure
in M exceeds that in R, p is forced to the left, as shown in
the figure. In this position, air from 7 leaks through groove
g and stores R until A7 and R are at the same pressure.
To apply the brake, the pressure in the pipe connecting M
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