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notice in Figs. 40 and 42 that the two circuit-breakers are
connected in parallel, whereas the hood switches shown on
the other diagrams are connected in series. This is the
usual practice when circuit-breakers are used. The breaker
on the front end is in while the car is running and the one
on the rear end is left out, so that only one breaker is in use
at the same time. If both breakers were in series, they
would both trip in case a short circuit occurred, and the
tripping of the one on the rear platform, in close proximity
to the passengers standing there, would be undesirable;
besides, it might not be convenient to reset the breaker on
the back end, because the conductor would very likely be
engaged in collecting fares. For these reasons, the breakers
are connected in parallel instead of in series.

STREET-RAILWAY MOTORS.

64, A street-railway motor has to meet several conditions
not imposed on motors that are used for stationary work.
Its design is limited to a large extent by the space in which
it is to be placed. It must go wholly beneath the car
floor, and its width is limited by the gauge of the track. It
must be dust-proof and waterproof, because it may have
to run through all kinds of dirt and water. It must be
arranged so that it can be readily suspended from the car
axle. A railway motor must be substantial .in every par-
ticular, because it is called on to stand harder usage than
almost any other kind of electrical machinery.

As mentioned before, nearly all motors used for railway
work are operated by direct current at 500 volts. The fields
are connected in series with the armature, because the series-
wound motor is capable of giving a strong starting effort
and also gives a wide range of speed under varying loads.
Moreover, the series-field coils, being wound with a few
turns of coarse wire, are substantial and comparatively easy
to repair. Alternating-current motors will, no doubt, be
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used much more in the future for railway work than here-
tofore, but at present their application to this line of work is
limited. The general construction of a street-railway motor
is the same as that of any other direct-current motor. In
other words, it must have a fie'ld magnet, armature, com-
mutator brushes, etc. The field frame is made so that it
will enclose the motor as much as possible. The earlier
motors were only partly enclosed, but the later types are
wholly enclosed. Access is allowed to the commutator and
brushes by means of a hinged or removable lid.

65. Fig. 43 illustrates sections of some of the styles of
field that have been used on street-railway motors. (@) is the
style used on the old Thomson-Houston W. P. 50 (water-
proof) motor. Itis a two-pole field with asingle magnetizing
coil. (&) is the field used on the old Edison No. 14. Itisa

N
%/1’7#’/’/’/’/%%&\\“&{&\\\\\\\‘
)

7 mr——
.

7

‘e://z;/;c,cf,’,,/'{/////
(®)

A

22

N

/NN
RN

FiG. 43.

four-pole field with two field coils. (¢) is the General
Electric 800 (G. E. 800) motor field. It is similar to the
Edison No. 14, but is turned up the other way. (&) shows
the four-pole magnet frame introduced about 1891 by the
Westinghouse Company in their No. 3 motor. It has four
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poles set on the diagonal and each pole is provided with a
field coil. This style of field has been used on nearly all
street-car motors since, and practically all motors are now of
the four-pole type, with their pole pieces sct on the diagonal.
Of course, the frame has been modified so as to enclose the
motor and modifications nave been made in the construction
of the pole pieces. Cast steel has replaced cast iron for the
magnet frame, allowing it to be made much lighter and
stronger, but the fact remains that the frame and general
construction of the Westinghouse No. 3 motor contain the
main features of the motors as constructed at present.
(¢) shows a field about as used on a modern motor. Iere the
frame is of cast steel and can be made comparatively light.
The pole picces, instead of being cast with the frame, are
built up of sheet-iron stampings and are bolted to the frame.
This laminated pole construction reduces heating in the
pole pieces and also tends to keep down sparking at the
commutator.

Railway-motor armatures are of the slotted type. The coils
are wound on forms and are then placed in slots on the core.
In the ecarlier slotted armatures, a large number of slots were
used, generally anywhere from 87 to 105. This was neces-
sary because if the slots were made coarse, it was found that
they caused the magnetism in the pole piecesto vary tosuch
an extent that the solid poles would heat considerably. By
laminating the poles, it has been found possible to reduce
the number of slots to about one-third the number formerly
used, thus making the slots very much larger, cheapening the
cost of production, and making the motor operate better
generally.

66. Speed Reduction.—It has not been found practi-
cable or economical to drive ordinary street cars by means of
direct-connected motors, i. e., by means of motors the arma-
tures of which drive the axle directly without the use of any
gearing. Such motors may be used where the motors are
of large capacity, as on some electric locomotives, but in
practically all cases geared motors are used. If the motor

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



§ R4 ELECTRIC RAILWAYS. 61

drives the axle directly, the speed of the armature must, of
course, be the same as that of theaxle. 'This means that the
motors must be designed for very low speed, and hence are
heavy and bulky for their output. The heavy weight on
the axles is hard on the track and the track joints are soon
pounded out. For these reasons, the general practice is to
use geared motors, so that the armature may be allowed to
run four or five times as fast as the axle, thus keeping the
size and weight of the motor for a given output within
reasonable bounds. Direct-connected motors have been
brought out and tried in connection with ordinary trolley
cars, but they have not proved a success. They may, how-
ever, be used more in the future for the heaviest kinds of
electric traction.

67. Speed Reduction.— When electric railways were
first put into operation the motors ran-at a much higher
speed than those built at present, and it was necessary to
transmit the power to the axle through an intermediate
shaft. The small gear or pinion on the end of the arma-
ture meshed with a large gear on one end of the interme-
diate shaft, and a small gear on the other end of the inter-
mediate shaft meshed with the axle gear. Motors of this
kind were known as double-reduction motors, because of
the double reduction in speed between the armature and
the axle.

As the design of railway motors was improved, it was
found possible to make efficient motors that would run slow
enough to admit gearing direct to the axle, thus dispensing
with the intermediate shaft. This is the kind of motor now
almost universally used, and is known as the single-reduc-
tion type, because there is but one reduction in speed
between the armature and the car axle. The ratio of the
number of teeth in the gear to the number of teeth in the
pinion gives the amount by which the speed of the axle is
reduced as compared with the speed of the armature.

For example, suppose an axle gear has 65 teeth and
the armature pinion 14 teeth; then the armature runs
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