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Limitations mentioned.
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The two types of motors tested were the General Electric
Yo. 52 rated at twenty-six horse-power and the Westinghouse No.44
rated at thirty-seven and one-half horse-power. The circuit was nor-
mally 550 volts. here were four motors on each car.

0o

1 L T L, M o 3 ~anh . ;
The input was taken for all the motors on each car, and

2 J * - 1- o A = 4T 2 ommlt hraal-

measured by putting the ammeter into the eircuit at the circuit break
t | wrl P = T oY1 A Y T

er and the voltmeter across from the trolley wire to the ground lerml

nal on the motor. Tach car was run from Junction City to . Riley
. A Ginm e e e 18 & 4
and return. The speed was calculated by means of a magnetic tachometer
» - - b . o et A s -1
driven by the ear axle. From a callbration of tke tachometer and the

7 3 2 cmmrm o T \ <
relation between the circumference of
® e A md c IR, = R R i

sarv to reduce the tachometer readings to miles per hour was easlly

gecured.

Curves.

Four curves were plotted for each ear, one between input in

-

kilowatts and distance and one between the speed of the car and dis-

tance, on each trip out and back.

°
3
f

For convenient representation we assumed that the readings

3

were taken at equal distances apart. This was not exactly true, but
for general discussion serves the purpose. In taking the data the
amperes, volts, speed and controller points were read simultaneously.

The input curve and speed curve are plotted on the same sheet with

listance plotted to the same scale. In this way the input correspond-
ing to any speed may be read at a glance. It will be seen that the
speed does not vary as the input, due to the varying conditions of the

track grades, curves, etc. The point upon which the controller was

bperated is also noted. By referring to curve #1 it will be observed

that as the controller is shifted from "5 point" to "6 point" there




B B e I —

is a great increase in the current, due to the fact that the motors {T=
:
|

are all thrown in parallel. The entire set of resistmnces are thrown
sn series with the motors but the voltage over the motors is so mueh i

greater than before that the current is almost as large as the start-

ing current on "1 point".

The very great irregularity of the curves was caused by the \%
different conditions of operation. That is, the different grades; |
|l

the necessity of slowing down; the use of the hand brake in some cases

and the varying line voltage all tend to cause the curves to beée very

uneven.

The voltage varied greatly at different -points along the
line, the greatest drop being 170 volfs below the normal full load
voltage. This was due to the drop over the long transmission line. i
Feeders were used in four places and thus the drop was not nearly as
great as it would otherwise have been. I'§!

The largest input at any tiue was on the car "Georgia" and

|
|
the input was 72.5 XK. W. The car was then running with all the motors r?

1

\

in parallel and was going up grade. The maximum speed obtained was Hq

also on the car "Georgia" while the car was running on the level m
Y‘l

track and the controller was on "9 point".
The curves show a very large stmrting current - a condition

which is vexy characteristic of the series motor. At one point, when i

' starting from a standstill, the input was 49 K. W., while the speed ;5
vas only 1.5 miles per hour. The largest current used at any time ﬂ

i 1
was about 160 amperes. This exceeded the capacity of the ammeter used, E

B - . B L 2 '3 oyt -+ . , -
but a short circuiting switch was used to place a shunt around the am- |

£

for street car servies Hi

meter, thus protecting the insturment. The large sturting torgue %
pvailable shows the adaptability of series motor t
)
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< For the purpose of obtaining different Speeds and to prevent
excessive starting currents, motor cantrollqrs of some kind are neces-
sary on every street car. These controllers are placed at the end of
each car, usually two to the car although in some modern cars intended
for use on a "loop" track only one controller is nec ssary.
1T
he controllers used for street car work are of two distinect

fypes - the rheostatiec or variable resistance and the series parallel.

(a) The first of these, while rapidly being replaced by the

|

second kind, is still in use. on many of the older cars and on cars

having only one motor. The principle upon which they work is that of
changing the voltage over the motor terminals by means of cutting in
or out resistances which are in series with the motors. There is no
doubt but that with this system a large number of Speeds can be ob-
tained, but it has the disadvantage of being inefficient, especially
at low speeds, because of the exces ssive C°R losses.

=7

The first controllers of thi

47]

type were the Thompson-Houston

Controllers which consisted of a rheostat, capable of carrying a heav

J
current, placed in series with the motors. The rheostat was regulated
by means of a controlier rod passing through the floor of the car and

erminating in a handle. Blue print #1 shows the connections for a
one-motor car equipped with one of the Thompson-Houston controllers.
The current enters at the trolley T, passes through the fuse box FB
and then follows this rath: K-P~R-F-2-4-A-AA-5-3-G. If
to move in the oprosite direction the reversing lever on the switeh-
board x is thrown and the path is from 2 to 5 then AA-A-4-1 Q. kN
wey the direction of the eurrent through the fie:

Same, but the direetion through the armsture

“

e
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tyre of variable resistance that 1s still used
L7

g 1. FX ik s n N e e 0 & Payr 11as pnnder Fha
extent . ihe Generzal Electr e (oo manuractures 1t for use under the

" b}, S ~ o4 4. 2 i 4= 3 4] 1 g 4 ez 1 - 471 - 3 o
name "Typre R Rheostatic Controlier. Blue print 73 shows the wiring

of a car equipped with one motor and two controllers of this type.

M a1 o ot o
LRere  Sanes

six notches, or positions for the controller handle, and
the car may be run on any rosition. In most controllers of th
kind however only the last position is useg fOT.GQEilHdaﬁE running.
In the blue print the white bands a. b
the developments of the contact strips on the contro
example of the working of this controller

reversing lever to be in the forward position and the controller han-

. e . (R = 5 4 - 4 o 4+, - o AT
dle on the first position The current enters through the trolley,
rasses through the kicking coil X, the blow-out coil B and enters the

R ] T - £ 0
controller through contact fin

he direction of the ear is.to be reversed the reverse lever is thrown

in the backward position and the current path is as follows: Trolley,

K, -B-T-a-b-x- "—t~v—AA-AA—A—A—u—W~F~F—E—R5~Rl-Rl~h—i-G. This reverses
the direction of the current in the armature without changing the

direétion through the field. TFor the next four poin the p

®
)
<t
—
o

LS

exactly the same except that s part of the resistance

is eut out at

each forward step. Thus on point 5, the motor is running on the full

line voltage. This controller is also supplied with a field shunt

and it is thrown into the cireuit when the

controller is on point 6.

R e " ; R ) o e & - s 4
clue print #4 shows the conditions which exist for each position of

1is controller the reversin 1g device is also mede in

drum form. The point x',4, AA and F are movable and when the

18 thrown into the "shead" position x' and A are connected together
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while AA and F are together. When the

o !

Th;

armature

through the

(b) The ; f-contrel us

out by the leading compan
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vantage.
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cars can be

» While for high
full line
can be thrown
en they can be cut out. These resistances ar
running so

many series

to the greatest

and General Rlectric
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~
QI

ntrél » used for four-motor cars,

trollers for two-motor

A 0 S Pt - : Yo e S
nmoiwrs in thi are ¢ol e

00IeC el

have a motor on one

ed in parallel with the corresponding motor on the

motor #1 is connected to motor d #2

this

1ls way 1f one j ' Or one motor becomes




cut out and there will still be one good motor om each truck.
There are nine positions or points on the controller, but
only two of them - "5 point" and "9 point" - are to be used for con-

tinuous running. Blue print #5 shows the connections and wiring far

a car equipped with two K-12 comtrollers and four motors. The current;

'path is as follows, when the controller handle is on "1 point" and the

power lever on the "Ahead" position: Trolley-CBﬁK-B-T—Rl~Rl~R5—R5—

(19-Al-Al-A1~AA1-AAl~AA1-F1~F1-F1-El~E1E3-E1E5)

18 , )3-15-
(19—AA3~A33-33-A5~F3-F3-E5-E1E5 -------------- )

(15-Ap-Ap-Ag~AAp-Abo~AAs-Fo-Fp-Fao-Eo)
15-( ) Ground.

(15-AA4~AA4-A4*A4-F4-F4-E4 ----- s

For "2 point" the eircuit is exactly the same except that

the part RiRp of the st&rfing resistance is cut out. TFor 3, 4 and 5
"points" the operation is just the same - a part of the resistancs
being cut out at each step until at "6 point™ the motors are running
with no resistance in the circuit. No. 1 and #3 are in parallel and
#2 and #4 are in parallel, the two pairs being in series. They can
be run continuously on this position, but as each of the motors are

receiving only one-half of the line voltage the speed is low.

On "6 point™

ly all the resistences are placed in the circuit. The current rath is

il Trolley-CB-K-B-T-Ry-Rp-Rp-Rg-Rg-
19h5A1~A1~A1—AA1-AA1-AAl-FlvFl-F1~E1~ElE5-ElE5-4;
( n ™w :‘
i (Adg-Ahz A5 Ay F5-Bg-F)Bg-ByBg-ge-mmnmnmmes ) ] gaotng
-.( : .
( (Ap-Ap-Ao-AAp-Ahp-AAp-Fy-Fp-Fp-Ep ))
(19-2-15( )

(AAg-AAg~Ag-Ay-Fy-Fy-By--=-vmmm- )

the motors are all thrown in parallel and near-

|
|
|
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than the wire used for the armatur

nore or less unprotected place.

are equipped wit

boards and in various places in power

cars is of comparatively recent date.

Pends for its worki

Btes a switch in the 1ine eircuit.

B the current rasses to C and C°'.
cult breaker is completed when

fal

T aTaA s - s 9
held in position by the cateh N which

=)

pxcessive armature current, fuses are Placed in the main circuit of

Protective Devices

(a) To protect the armature coils against th

ﬁnd protect it from injury. They are also arranged
0

fuses, the manufacturers depend for protec

housg

They are placed under the hood
0f the platform just above the controller.

tiple. A and E are the binding posts to which 1

The circuit through the cir-

Presses against the noteh K.

°

i1

pach car. The fuses sare usuelly made of copper wire,

» and they are usually placed in a
In the cars tested at Junction City,
12 copper wire was used and it was held in place by tw
These springs were so arranged that they could be pulled back, the
fuse slipped in and then the springs released. Thera.
ger of a short cirecuit by the person putting in the fu

are equipped with fuse boxes of different types which cover

S0

out fuse may be replaced easily and without danger. Most
ith eircuit breakers and upon them, rather than the

tion from heavy currents.

(b) Circuit breakers have been in use for some

es, but their use on street

The circuit breasker de-

ng upon the action of an electro-magnet which

Blue print #i shows the working prineiple of

- It is not the actual Plan of any one, bdbut it illus

ct
i

(0]

1

conn

a

a0 electro-magnet whose coils e rry t

the switch blade H makes contact with

v and D. This blade H is pPlaced in position by the handle R snd is

°

e effect of an

somewhat smaller

strong springs.

was thus no dan-
se. Some cars
the fuse
that & blown

modern cars

time on switeh}

oper-

a circuit break-
trates the prin-

ectin

)

wires

he full current.
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