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Foreword

This series is dedicated to Electrical
Progress—to all who have helped and
those who may in the coming years help |
to bring further under human control
and service to humanity this mighty
force of the Creator.

The Electrical Age has opened new
problems to all connected with modern
industry, making a thorough working
knowledge of the fundamental princi-
ples of applied electricity necessary.

The author, following the popular appeal for practical
knowledge, has prepared this progressive series for the electrical
worker and student; for all who are seeking electrical knoW]edge
as a life profession; and for those who find that there is a gap in
their training and knowledge of Electricity.

Simplicity is the keynote throughout this series. From this
progressive step-by-step method of instruction and explanation,
the reader can easily gain a thorough knowledge of modern
electrical practice in line with the best information and experi-
ence.

The author and publishers here- gratefully acknowledge the
hearty and generous help and co-operation of all those who have
aided in developing this helpful series of Educators.

The series will speak for itself and “those who run may read.”

The Publishers.
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IMPORTANT

To quickly and easily find information on any subject, read
over the general chapter headings as shown in the large type—
this brings the reader’s attention to the general classification of
information in this book.

Each chapter is progressive, so that if the reader will use the
outline following each general chapter heading, he will readily
come to the information desired and the page on which to
find it.

Get the habit of using this Index—it will quickly reveal a
vast mine of valuable information.

“An hour with a book would have brought to your mind,
The secret that took the whole year to find;

The facts that you learned al enormous expense,
Were all on a library shelf to commence.”
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CHAPTER 130

Electric Railway Systems

Any system of electric car propulsion includes besides the
track and rolling stock, suitable apparatus: 1, to produce the
current, and 2, to transmit and distribute it to the electric
motors on the cars where it is transformed into mechanical
energy to give motion to the car.

The extensive development of the electric railway has given
rise to numerous systems, which may be classified in several
ways:

1. With respect to the current, as

a. Direct.
N single phase;
b. Alternating { three phase.

¢. Combination alternating and direct.

2. With respect to the kind of power for current generation, as

a. Steam;
b. Hydraulic;
¢. Gas engine.

3. With respect to the power system, as

a. Direct current transmission and distribution;
b. Alternating current transmission, direct current distribution;
¢. Alternating current transmission and distribution.
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200 VOLT TROLLEY

009000000 00A2AIY

ed in pairs.

1,200 volt apparatus have employed motors wound for 600 volts and insulated for 1,200 volts,

, thus feeding into the trolley at
When this arrangement is adopted with four motor equipments, the pairs are connected in series

Either 1,200 volt or 600 volt motors may be used; in the latter instance the motors are series connects

Most of the roads equipped with

The generating plant consists of two 600 volt dynamos operated normally in series
two motors connected in series.

1,200 volts.

»

station.
and parallel to give the excellent result obtained by series parallel control.

F1G. 6,105.—Direct current transmission and distribution; 1,200 volt two stage generation, radius 10 to 20 miles from the power

Ans. They add largely to
the fuel expense.

A floating storage battery at

the end of a long feeder is

sometimes more expensive to

install and operate than some
of the other systems.

Ques. What are the
standard voltages?

Ans. 600, 1,200, 1,500
and 2,400.

Ques. How are the mo-
tors operated at these vari-
ous pressures?

Ans. The motors for the
600 volt system are de-
signed for full trolley volt-
age. For the 1,200 volt
system, both 1,200 volt and

- 600 volt motors are used, in

the latter case, the motors
are series connected in pairs.
For the 2,400 volt system
1,200 volt motors are used,
series connected in pairs.

Alternating Current
Transmission, Direct Cur-
rent Distribution. — The
advantages accruing from
the use of both a.c.and d.c.
must be evident, thus, a
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converted to low voltage and high amperage at the points where needed,
requiring only short cables of large size.

Alternating Current Transmission and Distribution.—Sys-
tems employing alternating current for both transmission and
distribution, may be either

18750 18750 5,000
KVA KVA  KvA
o zg ST GEORGE 59

LIVINGSTON
SR W

11 1l J )
1 1 S

33,000¢ BUS \Q;\*{{;: ? g;(; li i {
%
msco?nmdc%%‘ésswncn | I._E;___-—-—l L ?;éé 3¢ 19

)
% OIL CIRCUIT BREAKER- TYPE0-33) o
A2 TRANSFORMER BANK (o ~ 2300V
ROTARY CONVERTER{WOV_M ,-‘57 2 F4 CLIETON
& METERING EQUIPMENT RY.CO | JUNCTION
& METERING EQUIPMENT-EDISONC? | . :
& 0IL CIRCUIT BREAKER-TYPE 0-221 4§( 191
+ LIGHTNING ARRESTER
} FUsE ¥ OC BREAKER
[———— | —
Ahrn 5 i . $dn
Ar Ahrban 1

E§L, s§ ; I ili‘_j:

. R
o
- $ 102300V
1¢ 2,300 V. 19 2,300 V. 6OOV.0C 600 V. OC BUS
i 0C. BUS BUS
600v. OC BUS T 600V.0C.BU OLD TOWNSS  SOUTH BEACH 5.8
£

ATLANTIC S.S. LTINGVILLE SS.

F1G. 6,112. Single line diagram of the 33,000 volt distribution system, Staten Island Rail-
way, showing the distribution of the 33,000 volt power to the several sub-stations and the
equipment it goes through for conversion to 600 volts direct current for the 3rd rails and
trolleys.

1. Single phase, or

2. Three phase.

In the single phase system either series or modified repul-
sion, commutator type, single phase motors are used. Contact
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This system has been

The contact line receives energy

The alternators are usually wound for the
trolley voltage and feed directly into the line
In the three phase system the loco-
motives are equipped with three phase

induction motors.
Two overhead contact lines are used,

the track rails forming the third con-

without transformation, thus supplying the
ductor of the three phase circuit.

whole of the road. Where the length of the

road exceeds 35 or 40 miles, it is equipped
from that of installations having single phase

with step down transformers to lower the
transmission voltage to that of the trolley. In
cases where it is desirable to furnish polyphase
current for stationary power service and for
the operation of rotary converters, three
capacity are required, utilizing only one of
the three phases for railway work. The cost
of such installation does not differ materially
alternators.

line voltages range from 3,300 to 25,000
phase alternators having one phase the full

volts.
from transformer sub-stations located

along the line.
used only in interurban and trunk line

service, the high contact line vcltages
being considered too dangerous for op-

eration on city streets.

*saoqe ‘z dais 10} ‘1I0YS w01y dul| Jo 3p1s apsoddo uo Jaeaiq NI MV, dY) 5199138 sAem[e Aefal v>_uu£om. *moy Eub:.u Y
usOop SunIND ‘UL Y] YIIM SIS UL DUBISISAT MOIY) ‘IA0qE ‘G pue p ‘¢ ‘g 8ddg oul] wiol) 1amod Butaowal ‘s1oyealq v o ‘sdin
Aefa1 "1 1" '1u3IsisIad puUe 2I9AIS ST 1IOYS J1 *2!1I0Us AQ paideye sAe[al Y3noay3 s1axealqnaipn umv_._.n Jo spiod mc_nn:._w mwn_wuoce
‘1X ‘9 !s3sop> [X pue A[snosuejnwis uado ‘ [ YD) Pue D) ‘G S350 TX pue A[snosueljnwis uado ‘ LHd Pue JHH ‘¥ .vocxw
St LYV ‘€ 'V sdin But 2anajas 'z ‘130ys £q paziB1aua ‘sAe[al 2A1109[38 PUR Urewl ‘| * (ulf Jo Ipis £3[jo1} E.y 00D ..wo:m “5 EH
:20uanbas uo3piad( ‘(dMBWOINE-uou ‘Y dMewone 1X) ,.d,, ad4A1 ‘dwepog ‘2X ‘1X U_quB:n:O.: adAy dwepg ‘SO ‘NO
¢(sfejal W] WD} 2JWUYIP pue utew Aq pazidiaus) onewoine ,yo),, adA1 “dure 0og‘T ‘1VO ‘d° VO Pdhewone-uou 0, 34
~dure Qoz'1 ‘g duewoine 5, 3dL) ‘dwe oog ‘LyD ‘J8D LA ‘Add {(SAe[al uleWl pue IANIIA £q paz1313u3) S1jeWIOINE
A, 2441 "dure 00g' Y ‘ LAV ANV f10quufis 1oypa1q 1ma4p) *(s19eaIq NN 33puq jo uonjesado >u‘=ow._.uEu 10}) [03IU02
dUIBWIOINE-UOU ‘p7) Pue ¢ !(S133ea1q Jinomd 33puq jo uonielado [enuewW IOJ) 3ull JOIIUCD u:a&o«:w.coc. NU.Aﬂuxd...:n I
a3puq jo Suiddin Ae(a1 10j) dul| [013UOD dNBWOINE *[7) {(3UY] @ € YINOS ‘SY) (AUl CHIJON "‘NV) ull¢ € n<.u.<..<| spoquifis
21144 *3IND31D 3Y) J[eY U0 STYDY M SYORI] 2Y) pue A3[{01) 3Y) uam1aq Sutuuni £qs1{oA 00Q* 1 1 U0 21esado sutel) pue ‘uoIssiusuel) Joj
$){0A 000'ZZ 03 dn paddajs st 53[0A QOO [T 3B ST UOHIEIAUAZ Ay, *SIMOID IIPAJ pue A3[j01} UIRMIAQ [BIINAU ) WL10] S{IeL 3Y)
‘panusiuod jxa [ —p11°'9 PuB E11°9 'S91J



3,642 Electric Railway Systems

Transformers on the locomotive are used to lower the contact line
voltage to a value suitable for the motors where high contact line voltages
are used, although for voltages up to 3,000 the transformers are often dis-
pensed with. The contact lines receive their energy supply from trans-
former sub-stations, as in the single phase system.

While the great majority of railways now using electric motive power use
either the direct current or the single phase systems, three phase locomo-
tives with an aggregate rating of approximately 600,000 k. p. are in use
at the present time, chiefly on the mountain grade railways of Italy.

Comparison of the Various Systems.--For ordinary street
railway service the 600 volt direct current system is almost
universally employed, but for interurban and trunk line service
there is a great difference of opinion as to which of the various
systems is the most economical when all the factors are taken
into account. The factors which must be considered in com-
paring the three systems in any particular case are the following:

1. For a given weight and length of trolley or third rail the per céent.
_power loss for a given amount of power transmitted varies inversely as
the square of the trolley or third rail voltage.

2. The higher the trolley or third rail voltage the fewer are the number
of sub-stations required for the same efficiency of distribution and weight
of conductor.

3. The higher the trolley or third rail voltage the more costly are the
insulation and supporting structure, and also the greater is the cost of
maintenance of the distribution system.

4. Both the first cost and annual expense of the sub-stations are less for .
the alternating current systems than for the direct current systems since,
for the former, static transformers only are required, whereas, for the latter,
rotary converters must be used.

5. The relatively low power factor of alternating current motors (80 to
90 per cent.) as well as the relatively low power factor of the line (due to
the reactance of the trolley wire and track return) gives rise to a greater
power loss in the alternating current distribution system for the same power
delivered than in the case of the direct current system, and this great loss
and lower power factor make necessary the employment of generating
apparatus of greater kva. capacity.
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6. The 600 volt direct current motor, for the same horse power rating
and speed, costs less, weighs less, and occupies less space than either type
of alternating current motor. The high voltage direct current motors cost
more, weigh more, and occupy more space than the 600 volt type.

7. With the alternating current motors, transformers are required on the
locomotives, which add to the cost and weight of the locomotive equipment.

8. The 600 volt direct current motor costs less to maintain and is liable
to fewer operating troubles than any of the other motors.

9. With the commutating type of alternating current motor the power
lost in the control equipment is practically negligible, since the pressure
type of control can be used. For both the direct current motor and the
induction motor a resistance control is necessary, with consequent loss
in power.

10. The induction motor is inherently a constant speed machine, and
consequently the power input varies directly as the opposing resistance.
The direct current motor and the alternating current commutator motor
are inherently variable speed machines, and the power input varies ap-
proximately as the square root of the opposing resistance, the speed at the
same time falling off.

11. The three phase induction motor, when kept connected electrically
to the soitrce of power, automatically operates as an alternator when the
train is going down grade at a speed greater than the synchronous speed
of the motor, the motor thus returning power to the line and at the same
time acting as a brake preventing any considerable increase in speed.
Regeneration, as this action is called, can also be obtained with the other
types of motor, but only at increased expense for the additional control
equipment required.

Comparison of Current Collecting Devices.—The various
methods of collecting current from the line wire are due to
experience with different operating conditions. Each has fea-
tures especially suited for the conditions under which it is to
work.

The overhead trolley system is largely used in towns and cities.

The surface contact syslem may be advantageously used in
some industrial works where an overhead trolley is objection-
“able, and a third rail is not permissible.
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By means of the third rail it is possible to successfully deliver to the cars
much heavier currents, and to operate the cars safely at higher speeds than
is possible with the ordinary type of overhead or underground trolley con-
struction, two important features which serve to greatly expand the field
of application of the 500 volt direct current motor.

The underground trolley or conduil system is used in the streets
of large cities where the use of overhead trolley wires is objec-
tionable, but the cost of construction is very great.

The underground trolley system differs from the overhead trolley in
that it has a metallic circuit (two insulated conductors) while the overhead
trolley has a ground return, that is to say, the track rails which are not
insulated from the ground are used as the return.

Source of Power.—On main lines the current is generated
in a power station and fed direct to the line at various peints
or to sub-stations where it is stepped down to the proper
voltage for distribution to the lines. However, on branch lines
having light traffic it has been found more economical to em-
ploy separate power units on the car, this system being known
as gas electric drive is fully described in another chapter.

Single Phase System.—Almost since the early days of light
electric traction, the problem of heavy electric traction has
been given much thought. In the earlier considerations, the
principal difficulty was supposed to lie in the ability of the
manufacturers to produce sufficiently powerful equipment.
However, it was not long before more serious difficulties pre-
sented themselves and some of these are with us even to the
present day.

With direct current generation and distribution for 550 to
600 volts which was the accepted standard, railway engineers
were confronted with the problem of transmitting large units
of power for considerable distances.



Iway Systems

ic {

Electr

3,646

Ra

‘uren
10 3ATI0WO000] Fulaowr € 03 Jomod siyy Suid[ddns ur sem AJ[NOYYIp SNOLIdS PuUOIAS Y
‘uonezieijuad Jjo Jpealsur UOTSTATPNS JO UOI1IIIIP 3Y3] Ul
SEM SI} ‘SPIOM I9YJO U] "SUOIIBIS [BIUID 3FIe] OUl UOTIRISULS Iamod 31 BIIUIDUOI 0] AdUSPUd}

Buimousd ay3 03 uortsoddo ut seas yo1ga ‘syrun ajesedas Jo Isquunu e ojur A1ddns 1aaod 9Y3 JO UOISIATPANS
pardwt siy} ‘uonelsusd Jualmnd 3oa1p Ynam ‘pue suonels Apddns 1amod paoeds A[asopd jueswt Sy

‘Aemley UIBYIION 18315 3Y) UO ID[AIIS Ul saanI0w020] 2d41 Joresauad J0jow aseyd d[Fuls asnoySunsap -utmpleg oM L — 9119 "1




-

Electric Railway Systems 3,647

With low voltage and large power the collection and handling of the
current was then, and still is, a serious problem,

With these two conditions encountered, heavy railway elec-
trification was practically at a standstill, and, in the minds
of those who knew, there seemed but little promise for future
railway electrification on a large scale.

It is true that a number of attempts were made to build electric locomo-
tives in the early days, but these were mostly by those who were familiar
with the traction problem only and who had but little or no experience
with the generation and transmission problems.

The rotary converter presented a solution of one of the diffi-
culties for by means of polyphase a.c. generation and distri-
bution at high voltage, and conversion to d.c. through dis-
tributed sub-stations, the problem of centralization of the power
stations was accomplished. However, the problem of collec-
tion and handling of the low voltage current was still to be
met, so that the rotary converter only partially solved the
heavy railway problem.

Another step, however, represented a very material ad-
vance, namely, the development of the third rail.

This permitted relatively high amounts of current to be transmitted
from the sub-station to the moving vehicles, and thus it appeared, for

a while, to solve the second part of the heavy railway problem. In con-

sequence, after the development of the rotary converter and the advent

of the third rail, the heavier work went forward by leaps and bounds.

However, it may be noted that this was only where traffic was very heavy,

such as for elevated and subway service in the larger cities, for city terminals,
suburban railway service, etc.

-

As soon as application of the third rail and the rotary con-
verter system began to be considered in connection with longer
lines, with infrequent service, the limitations of this arrange-
ment began to be apparent, these being largely of a financial
nature,
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In other words, while it would be possible, from an engineering standpoint,
to build and operate successfully a long main line railway by means of
rotary converters and the 600 volt third rail system, yet the figures showed
most positively that the first cost and the operating expense would render
such an arrangement unprofitable. Thus, the rotary converter and third
rail solution of the problem was not a general one and applied only to
isolated cases where the traffic was very heavy and the service very fre-
quent, or where there was some serious limitation to the use of steam,
necessitating either the abandonment of the steam locomotive altogether,
or an excessive expense in some form due to its retention.

The well known Zossen experiments in Germany with a three
phase, high voltage trolley system, with induction motors, at-
tracted a great deal of attention, all out of proportion to the
true value of the resuics.

This was a very spectacular undertaking and indirectly had a bearing
on the future railway work.

High Voltage Necessary for Heavy Electric Traction.—Owing
to the amount of energy required in heavy traction, obviously
a high voltage is necessary to reduce the amount of current
required and in turn the amount of copper. With a.c. it was
easy enough to meet the high voltage, but there were other
limitations.

In the three phase traction system, as brought out by the
Ganz Company in Europe, three phase motors of large power
could be used, but there was the handicap of two overhead
wires at different voltages, thus involving a double collection
of current. :

Moreover, this system was apparently limited to about 3,000 or 4,000
volts and if one were to use a. c. at all, there should be no such limitation
in the voltage. Furthermore, for lighter service, involving relatively
small motors, the polyphase induction motor did not seem to furnish a
very satisfactory solution of the traction problem.
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Direct current was recognized, even at this time, as a pos-
sible solution, provided very materially higher voltages than
600 could be used, but almost everybody had doubts as to
the practicability of sufficiently high voltage, either on the
dynamos or on the motor equipment. Thus much thought was
given to the possibilities of single phase, alternating current,
for here one could use the single overhead trolley with the
voltage limitations very largely removed. However, engineers
were faced by the fact that there was as yet no suitable single
phase motor available.

&
VRGINIAN

FiG. 6,117.—Westinghouse equipped, single phase, 215 ton motive power units as used on
Virginian Railway.

Experiments resulted in a series type single phase motor with commuta-
tor, resembling in characteristics the series type direct current motor. It
had been recognized for years that the variable speed characteristics of the
series type motor were ideal for traction service and thus in attempting

- this new solution of the railway problem, engineers attempted to retain
the fundamental characteristics of the existing d.c. system.

The single phase commutator type railway motor, although
it is not as economical or efficient as the d.c. motor, has the



]
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advantages of simplicity and economy of the transmission
system, together with the more economical speed control.

From the speed control standpoint, the single phase system was far
ahead of the direct current, for the flexibility of the alternating current
system allowed voltage variations for controlling the motor speed, without
the use of regulating rheostats for absorbing the extra voltage and power.
Here was considered one of the major advantages, especially for locomotive
work. :

Within a few years it developed that the single phase system was not a
satisfactory alternative to the existing direct current system in general,
but that it had its own field, and this field was where the special character-
istics and advantages of high trolley voltages would apply. In other words,
the single phase system really began where the existing direct current sys-
tem was handicapped by trolley limitations,

While there were at first some misapplications of the single phase system,
due largely to over enthusiasm, yet within a very few years it began to be
applied to heavy service and in all such installations it has persisted, and
not only persisted, but has enlarged its field. One of the first systems to
adopt this was the St. Clair Tunnel under the Detroit River, which was
initiated about 1906. This electrification was necessitated on account of
the smoke problem, The equipment consisted entirely of slow speed
locomotives and the first locomotives installed. are still in use with a most
remarkable record of reliability and low maintenance cost,

One of the principal requirements of this system was that
any locomotive must come up against its load with full load,
or even overload torque for a period as long as five minutes.
At that time, this was a prohibitive condition for the single
phase commutator type motor, and, therefore, the three phase

NOTE.—The Norfolk and Western Railroad uses three phase motors. Inelectrifying its
Road, the Norfolk and Western system on the mountain grades 1n West. Virginia encountered
the problem of carrying heavy loads up a steep grade and letting them down on the other side.
In other words, to some extent, it represented a hoisting problem. There were certain condi-
tions presented from the operating standpoint which seemed to be met better by the induction
motor than by any other type. However, the induction motor would not operate from the sin-
gle phase contact line and the polyphase system was not applicable on account of the complica-
tion of trolleys and the difficulties of high voltage. Consequently, a modification of the single
phase system was used in which single phase current was supplied to the locomotive and was
there converted to polvphase current by means of a ‘‘phase splitter” or “phase converter.”
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seemed to be the most practicable solution. The Norfolk and
Western installation, therefore, simply represents one of the
modifications of the single phase system in general.

Subsequent orders for locomotives for the Norfolk and Western were
filled with locomotive equipments more powerful than the original and
with improved auxiliary equipment. This has resulted in an improvement
in the line power factor and in consequence an improved regulation of
trolley voltage is obtained.

TEST QUESTIONS

1. Give classification of electric railway systems.

2. Why are boosters objectionable on d.c. transmission
and distribution systems?

3. What are the standard d.c. voltages?

4 Why is current used at low voltage on d.c. systems?

5. What type motors are used for single phase systems?

6. Give a comparison of the various systems.

7. Where is the overhead trolley system largely used?

8. For what service is the third rail system especially

adapted?
9. Where is the underground trolley used?
10. Where is the current generated for main lines?
11. How is the current obtained for branch lines?
12. For what service is high voltage necessary and why?

13. Why is high wvoltage objectionable on commutator
motors?
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14. Is a single phase commutator motor as efficient as a
d.c. motor?

15. What advantages has the single phase system over the
d.c. system?

16. What kind of motors are used on the Norfolk and
Western Railway electrification?
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CHAPTER 131

Gas Electric Bus Drive

During the last ten years there has been a rapidly growing
demand for some flexible means of transportation to handle
traffic which lies away from established routes or which has
become too great for the existing systems. The satisfactory
manner in which the motor bus is meeting this demand is
shown by the fact that in this period the number of motor
Luses in transportation service in the United States has grown
from almost nothing to approximately 95,000. This compara-
tively new type of vehicle is being used extensively, not only
to form new systems, but also to extend systems that have
been in operation for many years.

From the time when motor buses were introduced into the transportation
field, operators have been confronted with the problem of finding a flexible
and automatic means of converting the constant torque of the gasoline
engine into speed and tractive effort at the rear wheels. Many difficulties
were experienced with the use of the conventionzl transmission gears and
clutch.

Comparison of Gear Shift and Electric Drive.—With the
gear shift, the time lost in gear shifting as compared with the
quick acceleration of the electric motor, is appreciable. More-
over, during this time, the gasoline engine is doing no useful
work. A third objectionable feature of the gear shift is that
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the uneven application of power due to gear shifting causes
excessive strains in all parts of the vehicle. This shortens the
life of the entire coach; increases the maintenance costs and
lastly the uneven acceleration adds to the discomfort of the
passengers.

The gas electric bus drive is a substitute for the cluich, trans-
mission and differential of the gas direct drive. As already ex-
plained, this substitution is to obtain rapid and even accelera-
tion and flexibility.
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Fic. 6,118.—Comparison of characteristics of gas electric and mechanical drives. The curves
show engine characteristics and tractive effort at the rim of the wheels, obtained with a
typical gas electric drive application, compared with that of a mechanical drive bus equipped
with a prime mover of the same capacity.

Gas Electric Power Plant.—The gas electric drive consists
of gas engine, dynamo, controller and one or more motors.

With this outfit, the operator has no clutch to pedal, and has no gears to
shift, but obtains acceleration merely by depressing a pedal; this is oL
importance to him because it vitally affects the two most costly phases ot
operating expense, namely, labor costs and accidents. These advantages
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offset the additional fuel which may be necessary to carry the additional
weight of the electrical apparatus.

A gain in rapidity of acceleration means a gain in speed, and a gain in
speed means a reduction in the cost of wages per mile, due to getting
more miles for an hour of driver’s time.
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The vehicle with the electric drive starts off and continues up to its crest
speed with a gradually increasing torque, and without at any time putting
a severe strain on any part of the mechanism. This is the nearest approach
to the flexibility of steam power.

There are two types of drive in general use, classed as
1. Single motor drive;

2. Dual drive.

Fics. 6,121 and 6,122.—General Electric controller for double motor gas electric drive. k

The advantages of these two types are as follows:

Single Motor Drive Dual Drive
1. The equipment is lighter in 1. The differential is eliminated,
weight and has a lower first cost. thus reducing - the chance of
. wheel slippage and skidding.
2. ga?ear:;égs the use of standard 2. Better clearance is afforded

below the motors for a given
3. Any chassis can be more readily floor height.

adapted to electric drive of this 3. Operation with one motor is
type. possible in emergencies.
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Fig. 6,124 shows assembly of chassis and power plant of the single motor
type, and fig. 6,125 the double drive type. Other details are shown in the
accompanying illustrations. ’

Maintenance of Gasoline-Electric Buses.—Although gas elec-’
tric drive eliminates those destructive forces which characterize
the ordinary mechanical drive, regular inspection and thorough
periodic overhauling are necessary for satisfactory operation.
An important test is the engine test.

Fi1G. 6,123.—General Electric motor for gas electric double motor drive.

To make this test, connect the dynamo with a water rheostat, and read
the meter,—volts and amperes, at various speeds. Compare with the
original test chart which provides a definite indication of the power plant’s
condition. The effect of every change or adjustment is immediately visible
in electric output.

A further check will be made by keeping an accurate record of the gas
consumption for each bus.

When a bus shows a reduced number of kw. hours per gallon
of gasoline it is a definite indication that the engine or dynamo
should be inspected.
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1,000 Mile Inspection.—After each 1,000 miles of service
: each part of the vehicle should be inspected, and all wheel
bearings and wearing parts lubricated.

The commutators of dynamos and motors should be tested for loose bars
or high mica, the brushes checked for wear and free movement in the brush-
holder.

ONE MOTOR DRIVE

Fi16s. 6,124 and 6,125.—Bus chassis with single motor gas electric drive and with double
motor gas electric drive.

Controller, relay and accelerator switch should be inspected for burned
a contact fingers and the necessary adjustment made. The braking resistor
' should be checked for broken grids.

This entire inspection should take from two to four man-hours, of which
time one-half hour of this time should be devoted to the electrical equipment.

2,000 Mile Inspection.—The 2,000 mile inspection should
cover a more rigid survey of the mechanical portions of the
vehicle with the viewpoint of replacing abnormally worn or
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defective parts. In addition to the oiling and greasing done at
1,000 miles, the oil in the engine crank case should be changed.

At this time the electrical equipment should be inspected as at 1,000
miles and in addition dynamos and motors should be inspected for proper
brush spring tension. Any road dirt or dust that has collected inside the
machines should be blown out with dry compressed air and bearings checked

for noise.
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F16. 6,126.—Equipment layout of 40 passenger single power plant gas electric coach.

Fi1c. 6,127.—Equipment layout of 40 passenger dual power plant, gas electric coach.

The controller, relay and accelerator switch finger pressure should be
checked and adjusted if necessary.

The complete inspection should take from five to seven man-hours.
Approximately one hour should be spent on the electrical equipment.
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30,000 Mile Inspection.—After 30,000 miles of service it
has been found economical to include certain maintenance
work on the vehicle in addition to the regular inspections pre-
viously outlined. This work is usually done in the regular

Fi16. 6,128.—Interior view of General Electric gas electric drive bus showing dash and control.
In addition to the regular pedal operated service brake and a hand lever emergency brake,
this drive has an electric brake operated by a controller handle. On long, steep grades
this method saves wear on brake bands and provides a positive uniform retarding force
against which the bus cannot get out of control. It is also available as an emergency brake
under any operating condition.
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inspection garage although the electrical units are not usually
removed from the chassis. At this time the gasoline engine is
completely overhauled and other mechanical portions of the
chassis are checked for wear and replaced if necessary.

In addition to repeating the work done on the electrical equipment at
the 1,000 and 2,000 mile inspections, it may be found necessary in the case
of the earlier types of equipment, to remove the dynamos from the chassis
and turn down and under cut the commutators.

This inspection should take from ten to twelve man-hours, aboat two
hours of which should be spent on the electrical equipment. ’

Unit Overhaul Periods.—In addition to the regular inspec-
tion periods outlined, it is almost universal practice among
gasoline electric motor bus operators to establish a regular unit
overhaul period at which time each individual unit is dis-
assembled, checked for wear and repaired or renewed if neces-

sary.

The length of service between these overhaul peribds varies with the class
of operation, but a good average figure is 100,000 miles. At this time all
electrical units should be removed from the chassis.

Motors and dynamos should be completely disassembled and each part
thoroughly cleaned. All armatures and field coils should be dipped in a
good insulating varnish and thoroughly baked. The commutator should be
tightened, turned down and undercut. Ball bearings on all electrical
machines should be checked for worn or cracked balls, and replaced if
defective. Brush holder boxes should be checked for wear.

Before reassembling the dynamo and motors each individuai part should
be given a high voltage test of twice the normal voltage and after assem-
bling, each complete machine should be given a similar high voltage test.
The main controller should be thoroughly cleaned and all burned spots on
the drum should be dressed with a fine file. Fingers that show signs of
heating or burning should be replaced. When work is completed on the
controller it should be given the high voltage test recommended for the
armatures. The contacts, fingers, and springs of the relay and accelerator
switch should be replaced. The braking resistors should be checked for
broken grids and given the high potential test recommended for the motors
and dynamos.
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This entire procedure so far as the electrical equipment is concerned
should consume from 20 to 30 man-hours. The time taken for doing all of
the overhaul work is approximately eight working days.

After the vehicle has been overhauled it should be in first class condition
for another 100,000 miles of service with the intervening inspection periods
as above outlined. The question of body painting has purposely been
excluded as this item is subject to the desires of the particular operator
involved. The number of men necessary to carry out the inspection and
maintenance schedule outlined will, of course, depend on the garage facili-
ties available and the number of vehicles operated.

A survey of the operation of 1,400 gasoline electric motor
buses covering a number of properties of different sizes has
shown that 3.5 vehicles per garage employee is a fairly good
average figure for carrying out this work. This includes garage
foremen and assistants, mechanics and helpers, electricians and
helpers, carpenters, gassers and oilers, greasers and stock room
employees. An attempt was made during this survey to deter-
mine the ratio of electricians per vehicle operated, but it was
found that this was impossible due to the variation in the sys-
tem of rating employees used by different carriers.

TEST QUESTIONS

1. What is understood by the term “‘gas electric drive”
for buses?

. Give a comparison of gear shift and electric drive.
. For what is the gas electric bus drive a substitute?
. Of what does the gas electric power plant consist?

Is acceleration quicker with the gas electric drive than
with the gear shift drive?

v W N
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6.

What two types of gas electric drive are in general use?

7. Give a comparison of the two types of gas electric

8.
9.

10.
11.
12.

13.
14.
15.

drive. -

How is the engine test made of a gas electric power
plant?

When a bus shows a reduced number of kw. hours per
gallon of gasoline, what does it indicate?

Describe the 1,000 mile inspection.

What should the 2,000 mile inspection cover?

How much time is required for a 2,000 mile in-
spection?

What should be included in a 30,000 mile inspection?

When should a unit overhaul be made?

Describe fully what should be done in a unit overhaul.
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CHAPTER 132

Gas Electric Railway Cars

One of the most difficult problems facing the railroads is
the operation of the light traffic and branch line trains. With
modern highways paralleling the railroads throughout the
country, the competition of automobiles, motor buses, and
trucks has resulted in a heavy loss of business. This is a prob-
lem which requires a double solution; first, the reduction of
operating costs; second, the increase of revenue from passenger
and freight traffic.

The principal operating costs, wages, fuel, maintenance and
terminal expenses, cannot be reduced materially with steam
operation; nor is it profitable to replace the old rolling stock
with new, modern cars to attract passengers.

The solution of the problem lies in the operation of gas elec-
tric railway cars.

Many railroads have decided on this form of transportation and have
inaugurated programs for a complete adoption of these cars for light traffic
service. It has been demonstrated that operating and maintenance costs
are materially decreased because of lower cost of fuel, reduced engine and
train crews, increased availability and simplicity of the entire equipment.
It has also been found that passengers are attracted by the cleanliness and
smooth riding qualities of this type of car.

Gas electric cars are in service in all parts of the country
and are handling light traffic runs with mileage up to 400 miles
per day.
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They are operated usually in two car trains, handling a hght passenger or
combination baggage car. The engine equ1pment varies in horse power
from 135 to 400, and some cars have two engines. The power available in
such cases varies from 240 to 800 %.p.

F1G. 6,131.—General Electric all passenger gas electric railway car used on the Maryland and
Pennsylvania Railroad.

General Description. —Gas electric railway cars are made for
all types of service. They range from the 75 foot car with en-
gine, postal, express, baggage, smoking and passenger com-
partments, to the 40 foot power unit with larger engines and
small baggage space, as well as lighter cars with small power
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¥16;. 6,132.—General Electric combination car with baggage and passenger compartments.

units for special light ser-
vice. Most of these cars
have an installed engine ca-
pacity ranging from 200 to
800 horse power.

The service handled in
the majority of cases re-
quires a motor car and a 35
ton trail car, which is usu-
ally a light passenger, bag-
gage, or combination car.

Many standard sizes of
power plant equipment, rang-
ing from 135 to 800 horse power
are available,

Some railroads prefer a sin-
- gle, large engine unit, whereas
others prefer two smaller equip-
ments in one car. Many cars
have two large engine units for
heavy service. The most popu-
lar, however, is the 275 horse
power car.

The larger cars handle sev-
eral coaches, depending upon
the character of the service and
the profile of the road. The
trend is toward larger engines
and equipments. The single car
train, with a 225 horse power
engine equipment, weighs ap-
proximately 42 tons with an
average load of passengers and
baggage.
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A two car train with a 35 ton trailer weighs approximately 77 tons. Cars
with 275 horse power engines have an average weight of 50 tons, and with a
35 ton trailer, can handle heavier schedules than a smaller car. The usual
gear ratio recommended for this class of service is suitable for operation at a
maximum car speed of 60 miles per hour under full power. Gear ratios may
be selected from special service and train weight to meet local conditions of
tonnage and grade.

F1G. 6,133.—General Electric dynamo with direct connected exciter.

NOTE.—The gas electric car is considered by some to be a piece of electrical equipment
with an incidental engine and car body, by others as an engine with an incidental car hody and
electric transmission equipment, and still by others as a car with an incidental motive power
equipment. These points of view are taken by the several contributing manufacturers of the
gas electric motor car. Some railroad operators have tried to assemble parts from different
concerns into an old railroad coach and have it operate successfully as a rail car. These people
can testify as to the importance of purchasing a finished motor car in which all the various
functions have been properly engineered into the finished product. It is difficult to take an
engine, dynamo and traction motor without careful study and engineering knowledge and make
them work properly and economically in a smooth and reliabie manner. Recent years have
resulted not only in the development of modern rail cars, but in the development of
recognized expert motor car builders.
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Some builders have adopted crosswise mounting of the power
plant as standard.

This requires an engine room approximately 8 feet long for a single unit
and 14 feet for a double unit power plant. Other car builders install the
engine lengthwise in a compartment 12 feet to 14 feet long.

The weights of the motor car trains vary from 30 tons for one car to 195

Fi1G. 6,134.—General Electric radiator fan motor equipped for vertical or horizontal mounting.
Many car builders require a forced ventilated engine radiator to maintain proper cooling water
temperatures. The motor is controlled by the motor car engine man, and turned on and off
in accordance with the water temperature gauge on the engine.

tons for three or four cars. The car horse power varies under these condi-
tions from 135 to 800, with a corresponding horse power per ton of from
5.35 to 3.14.

Engines.—Electric transmission equipments are used with
engines which have been designed especially for railway use.
These engines operate at moderate speeds with economical
fuel consumption and are easily maintained at a minimum cost.
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The engines are usually started from a storage battery by
means of a series winding on the dynamo. A few use a starting
motor and a ring gear on the fly wheel, while many have the
additional feature of compressed air starting from the air
hbrake system through a distributing valve on the engine.

Dynamos.—These are designed to give full engine output
consistent with minimum size and weight throughout the op-
erating range of the car. A typical dynamo is shown in fig. 6,133.

F16. 6,135.—General Electric truck mounted driving motor, axle side.

The engine builder usually supplies the flexible coupling between the
engine and dynamo. This coupling absorbs the harmonic vibrations of the
crank shaft, and protects the set from stresses caused by slight misalign-
ment.

The dynamo conforms to the requirements of standard railway service
in construction, insulation, finish of parts, and bolt fastenings. The
dynamo is so designed that it has a characteristic which is inherent and
gives an output curve which automatically follows that of the engine
throughout the normal operating range of the car. This characteristic,
combined with the governor cparacteristic of the engine, results in the max-
imum utilization of power and in the operation of the engine at its normal
capacity with the least possible complication of equipment,
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Power for the dynamo field is supplied by a direct connected exciter, the
magnet frame of which is supported on the dynamo bearing bracket.

Motors.—The driving motors, shown in figs. 6,135 and 6,136,
are carried on the car truck and connected to the axle by spur
gearing in accordance with well established practice. One side
of the motor is carried by the car axle, and the other is sup-
ported on the truck transom by a spring nose suspension.
This method of support reduces vibration and ‘shock to the

F1a. 6,136.—General Electric truck mounted driving motor. suspension side.

motors, caused by switches, frogs and irregularities in the -
tracks. Thisis particularly important on branch lines where the
track is often less carefully maintained than on the main line.

The motors have a high output consistent with light weight. and are
capable of operation under the varying characteristic of the dynamo power.
Among the most popular of these motors are the 150 horse power for cars
up to 300 horse power and the 220 horse power motor for the larger cars.
They are particularly designed to match the dynamo characteristics and to
give the best efficiency. Reduced field operation of the motor is provided
at the higher car speeds. This method of operation is necessary in order to
obtain the greater outputs at the higher speeds and still retain the compact
design.
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Control Equipment.—For gas electric cars, control equip-
ment consists of a switch gear and cable through which power
is supplied from the dynamo to the motors. It provides a

F16. 6,137.—General Electric high voltage remote contactor control. This equipment includes
a master controller with contactor and reverser panels, as well as the auxiliary switches and
battery charging equipment. Remote contactor cuntrol is well actapted to double power plant
and double equipment. The pneumatic type of remote control is actuated by air from the
brake system with magnetic valves operated from the master controller. The magnetic type
of control consists of the usual contactors, which are operated directly from the master
controller.
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means of connecting the motors in series and parallel combi-
nations for the best car operation.

This control is not to be confused with the differential field contrcl of the
dynamo, which is inherent and regulates the power output.

Either direct drum control or remote contactor control may
be used.

¥1G. 6,138.—General Electric master cotroller for remote control.

Fi6. 6,139.—General Electric direct dru n controller.

The drum type control is the simpler of the two and con.
sists of a coniroller which makes all of the required connections
between the dynamo and the motor.

This controller is manually and positively operated. The wire, cable,
auxiliary switches, and small battery panel complete the equipment. Drum
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type control is an extremely popular type and is used on the majority of
cars. It is employed with all sizes of units.

The remote type of control has been designed for flexibility
of arrangement, since it is panel mounted and can be- readily
located in any part of the engine room.

It is often used where it is not convenient to provide space for the drum
controller at the operator’s post.

F16. 6,140.—General Electric push button switch for control of lights, exciter field and engine
start. ’

Air Compressors.—Motor driven air compressors are avail-
able in a large range of capacities. The sizes used for gas elec-
tric cars vary from 20 to 50 cubic feet of free air per minute.
Compressors operate from the terminals of the dynamo through
a pressure governor which automatically cuts off the power
supply when the main reservoir is at the required pressure.
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Battery Charging.—FEach car is supplied with a storage bat-
tery for lights, control, starting and for energizing the field of
the exciter. The battery is charged by the direct connected
exciter through the B field of the dynamo, and a reverse cur-
rent battery switch.

The B field absorbs any excess voltage difference between the exciter and
the battery, and, at the same time, supplies necessary additional field
:xcitation for the dynamo.

The charging rate to the battery is dependent upon the engine speed and
the load on the dynamo, and can be adjusted and regulated by a by-pass

F16. 6.143.—General Electric 135 k.p. unit with contactor consrol mounted above the dynamo.
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resistance connected across the B field and having a switch to regulate it
for three charging steps. This is so arranged that the car maintainers check
the battery charging setting weekly, at the time of battery inspection.
This scheme of battery charging is simple and reliable and gives long life
to the storage battery. The small number of parts and the fact that it
requires no adjustment are among the chief advantages.

Single Motor for Engine.—The usual gas electric car equip-
ment has fwo molors operating in series or parallel from one
dynamo.

Some car builders have found it desirable, because of engine
size, to operate a single engine dynamo unit with a single
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F16G.6,144.—Diagram for gaselectric car equipped with one engine dynamo set and two traction
motors. The dynamo has a differential characteristic to give full engine output, and operates
as a unit with the traction motors. The characteristic of the dynamo limits the power output
so that at heavy loads, such as short. circuits or heavy starting duty, it is impossible ta stall
or overload the engine. In addition, this characteristic is such that it does not unload the en-
gine or cause it to race. This feature is obtained by a differential series winding mounted on
the exciter and so designed that the power output is maintained within definite limits through-
out the full operating range. As the current and voltage build up in the dynamo, the oppos-
ing effect of the differential winding limits the excitation of the dynamo in proportion to the
amperes demanded. The two dynamo fields are energized by the direct connected exciter.
The A field of the dynamo furnishes 70 to 85 per cent of the field excitation and the B field
supplies the remaining field energy. Asindicated previously, the B field absorbs any voltage
excess between the exciter and the battery. The storage battery provides excitation for the
exciter field and also is used to start the engine.
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motor, two motors with two power plants, and even a triple
power plant car with one motor connected to each dynamo.

In order to obtain equivalent operating conditions of the series parallel
control with two motors and one dynamo, a dynamo with a dual voltage
characteristic is used. The first or major characteristic is such that the
dynamo is utilized at low voltage and high starting current for maximum
tractive effort and acceleration, and the second characteristic supplies the
high voltage for high and free running car speeds. This wide range dynamo
characteristic is obtained by a slight modification of the standard scheme of
connections.

The first characteristic is obtained in the usual manner by
separate excitation of the exciter.

The second characteristic is obtained by self excitation of
the exciter and the use of a voltage relay.

The combination of these characteristics with a single motor gives a con-
stant engine output over a wide range of car operation comparable to the
regular dynamo with two motors. The potential relay which operates at
the voltage corresponding to the crossing of the two curves, automatically
controls the changeover from the separate excited to the self excited dynamo
operation. The important features of this scheme of control are simplicity
and the absence of all torque or power relays.

Operation of Gas Electric Car.—The method of operating
this type of car, which is similar to that of a steam locomotive,
is by means of a throttle, air brake valve, and controller, the
latter being similar to the reversing lever on the steam loco-
motive. The car is controlled entirely by the engine throttle.
With the throttle in the “off” position, the operator first puts
the controller in the series or first running position, and then
opens the throttle. As the throttle is opened, the engine speeds
up and the throttle switch, operating through a contactor, closes
the battery circuit to the exciter field and supplies excitation
to this unit. This, in turn, permits the voltage of the dynamo
to build up and the car to start.
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As the engine speed increases, the voltage of the exciter also increases,
until ‘it is above that of the storage battery, at which time the reverse cur-
rent battery switch closes, and the exciter then charges the battery.

After the car has reached a speed of 10 to 12 miles per hour, the operator
moves the controller from the series to the parallel position. This is done
with full throttle and the transition of one motor connection to the next is
made smoothly without hesitation or jolt to the car. As the car continues
to accelerate, the controller is turned to the full speed or shunt field -posi-
tion. This last controller change is made at about 25 miles per hour.

To reduce the speed of the car, it is necessary only to ease off the engine
throttle, which automatically gives a dynamo output proportional to the
reduced engine power.

The B, field is valuable, as it increases the dynamo excitation at free
running speeds of the car and supplements the differential characteristic to
give increased power output from the engine. This also has the desirable
feature of changing dynamo excitation rapidly with a slight change in engine
speed, and assists in utilizing the full engine output over a comparatively
wide range of current load and at the same time automatically reduces any
excess load on the engine.

TEST QUESTIONS

What is the most difficult problem facing the railroads?
To what cause is a heavy loss of railway business due?
What are the advantages of gas electric railway cars?
Give a general description of a gas electric railway car.

What range of h.p. is used for gas electric railway
cars?

What are the characteristics of the engines used?
Describe a typical gas electric drive dynamo.

9. What kind of coupling is used between engine and
dynamo?
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10. How are the motors mounted?

11. Describe the control equipment.

12. Name two types of control used.

13. How are the air compressors driven?

14. How is current obtained for lighting?

15.- Describe the various motor hook-ups.

16. Describe in detail the operation of a gas electric car.
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CHAPTER 133

Electric Locomotives

The designing and building of a successful electric loco-
motive, calls for a combination of the highest type of electrical
and mechanical engineering skill. Such a locomotive must be
considered not only as a transformer of power, but also as a
vehicle; and the experience acquired in steam locomotive
building and operation is invaluable in railway electrification
work.

Electric locomotives may be classified

1. With respect to the drive, as

a. Gearless;
b. Geared.

2. With respect to the current, as

q from dynamos;
a. Direct from storage batteries.

b. Alternating;
¢. Gas electric;
d. Oil electric;
e. Diesel electric.

- 3. With respect to voltage, as

a. Low;
b. Medium;
¢. High.

ERTURRR
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PENNSYLVANIA

F16. 6,145.—Westinghouse 204.3 ton, 11,000 volt, single phase motive power unit for freight service.

4. With respect to
the collecting device,
as

a. Trolley;
b. Pantagraph;
¢. Third rail.

5. With respect to
the application of the
current, as

a. Direct connected;
b. Transformer;

¢. Motor generator.

6. With respect to

service, as
short haul;
interurban;
local;
a@. Passenger cxptass:
heavy:
trunk line.

B Freight industrial

mine.

¢. Switching.

Motors.—Except
in a few instances, city
and interurban electric



Electric Locomotives 3,683

railways employ d.c. motors of the series type, supported by
the truck transom and axle, geared to the axle and entirely or
partially enclosed for protection against water and dirt.

F16. 6,146.—General Electric 60 ton storage battery type industrial haulage locomotive. The
particular application is handling heavy loads for short hauls as is found in yard shifting, dock
service, quarries, etc, Operation and repairs can be performed by men of ordinary ability.

TROLLEY
TROLLEY TROLLEY
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F1Gs. 6,147 to0 6,149.—Electric circuits of the simple series motor. As shown in these illustrations
the motors have four poles and the armature winding is of the two circuit wave length which
permits the use of only two sets of brushes, makes cross connections unnecessary, requires
the fewest number of turns per coil, the largest and therefore strongest conductors, and the
least voltage per coil. The majority of railway motors still in service are of this type.



3,684 Electric Locomotives

The series type motor is so called because the same current
passes through the field and armature windings consecutively or
in series. The electrical circuits of the simple series motor are
illustrated in figs. 6,147 to 6,149.

F1G. 6,150.—Westinghouse twin motor used on freight locomotives and high speed passenger
locomotives. Note that two motors drive one pair of wheels. The same type motor in a suit-
able frame is used in multiple unit cars.

An improvement in railway motors was the introduction of
the commutating pole.

This feature improves the commutation, reduces the wear
of brushes and commutators, and makes possible the use of
field control and high voltage systems.

The commutating pole series motor is now the standard for
d.c. railways, and is shown in figs. 6,156 to 6,158.

Field Control.—A further development is the field control
motor as shown in figs. 6.159 and 6,160. The idea of securing
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additional efficient running speeds by varying the effective
field turns on a railway motor is an old one, but on account
of commutation difficulties it did not prove successful until
the commutating pole was developed.

%
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FiGs. 6,151 to 6,155.—Westinghouse box frame commutating pole direct current railway motor
details.

The field control motor has the field arranged in two parts
which are connected in series with a lead brought out from lhe
point FM, where they are joined together, as in fig. 6,160.

In starting, the entire motor current passes through both parts of the
field in series, called the full field connection, setting up a very strong field
and developing a large torque with a relatively small current. When de-
sired, one portion of the field is cut out, leaving only the short field in the
circuit, so that a comparatively weak field results and higher speeds are
secured. These arrangements give economy and flexibility, in that less
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starting current is required and the motor provides two e(’ﬁcieqt running
connections instead of one. Fig. 6,160 shows the ground connection for the
short field position.

TROLLEY
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Fi16s.6,156 to 6,158.—I?iagrams of commutating pole series motor. The commutating pole im-
proves the commutation, reduces the wear of brushes and commutaters, and makes possible
the use of field control and high voltage systems.

TROLLEY

Fics. 6,159 and 6,160.—Diagrams of field control motor.

NOTE.~—In practically every instance, where railways have been electrified the change
has been made because under the special conditions existing, electric locomotives could ac-
complish results that were impossible with steam operation. A study of the leading char-
acteristics of steam and electric locomotives will explain the reason for this. The steam loco-
motive generates its own power and its output is limited by the capacity of the boiler. The
electric locomotive, on the contrary, is simply a transformer of power, and with ample power
house capacity behind it there is practically no limit to its output. The maximum tractive
force of both types is, of course, primarily dependent upon the weight on the driving wheels,
but after the train is started the maximum speed of the steam locomotive, especially on as-
cending grades, is limited by the steaming capacity of the boiler; while the electric locomotive
is limited by the capacity of its motors.
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Ques. How is the voltage reduced in electric locomotives
from high tension to low tension for the motors?

Ans. By step down transformers contained in the body of
the locomotive.

F1G. 6,161.—Westinghouse railway motor, 60 k.p.; 600 volts; 87 amperes, 770 7.p.m. suitable
for light weight interurban cars where high running speeds are necessary, in double equip-
ments on modern city cars and in quadruple requirements for trailer hauling. It is adzptable
to all conditions requiring a 60 %.p. motor with 26 in. or 28 in. wheels.
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FicG. 6,162.—Westinghouse non-ventilated motor arranged for ventilation with anexternal fan.
The fan is attached on the end opposite the pinion and its method of drawing the air through
air ducts provided for the purpose is indicated by the arrows. Cooling a motor increases its
capacity and it can be used for heavier loads.
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centers of the gear and the pinion must be constant. The center
of the pinion coincides with the center of the motor shaft and
the gear center with that of the axle. Hence, for any motor,
the gear center distance is fixed, since the axle runs in bearings
carried on the motor frame between the axle brackets and axle
caps.

In laying out gears for a fixed center distance SA, fig. 6,169,
this center distance is divided into two parts such that BA,
divided by SB, gives the speed reduction desired.

Example.—If a speed reduction of 4.6 to 1, be required, BA, is taken 4.6
times as long as SB. Then two circles are drawn with S and A, as centers

1:1G. 6,164.—Auxiliary machinery compartment of General Electric 150 ton, 3,000 volt d.c.
locomotive.
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and SB, and BA, asradii. The circumferences of these circles are of course
in the same ratio as their radii, BA, and SB, that is, 4.6 to 1. These
circles are known as the pitch circles of the gear and pinion respectively,
and the teeth are laid out around these circles. To mesh properly, the
distance between centers of adjacent teeth measured along the pitch circles
must be the same; so the number of teeth in the gear will be 4.6 times the
number of teeth in the pinion. It is evident then that the ratios of radii,
diameters and circumferences of the pitch circles, and number of teeth of

[= ——
I —

F1G. 6,168.—Method of mounting locomotive motors with both gears and connecting rods
The drive is through a form of Scotch yoke and side rods as shown.
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gear and pinion are all the same and measure the amount of speed reduction
from armature shaft to car axle.

For cqnvenience the gear ratio is customarily expressed by
giving the number of teeth in gear and pinion.

To determine the size and strength of the teeth used, the pitch of the
teeth must be known. There are two common ways of expressing pitch.
The distance between adjacent teeth measured along the pitch circle is
known as the circumferential pitch and of course is equal to the circum-
ference of the pitch circle divided by the number of teeth.

Fi1G. 6,169.—Diagram for laying out locomotive motor gears.

The more usual and convenient form is to give the number
of teeth per inch of piich circle diameter and is called diametral
pitch.

In the example cited, assume that the gear center distance SA, is 14 in.
and that the diametral pitch is 3. Then SB, is 2.5 in. BA, is 11.5 in.; the

diameter of the pitch circle of the pinion is 5in. and that of the gear is 23 in.;
the number of teeth in the pinion is 15 and in the gear 69.

The sum of the diameters of gear and pinion is fwice the
gear center distance and is therefore constant.
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Then as long as the pitch and gear center distances are constant, the
total number of teeth in gear and pinion is constant irrespective of gear

FiG. 6,170.—General Electric 150 ton, 3,000 volt d.c. locomotive. It is of the twin geared,
articulated truck type. A single cab is mounted on two equalizer frames which, in turn, are
carried upon three two axle articulated trucks. A motor is geared directly to each axle with
twin, cushion type gears. The six motors, with which each locomotive isequipped, are of the
box frame, twin geared commutating pole, railway type with forced ventilation. They are
designed to operate two in series on a 3,000 volt circuit, or 1,500 volts per commutator. The
windings are therefore insulated for 3,000 volts to ground. An 18 tooth steel pinion is
mounted on each end of the armature shaft, and these mesh with 90 tooth cushion type
gears on the axle. An unusual feature of the design of this locomotive is the provision for
removing the motor, wheels, or axle from any of the trucks without removing the cab. By
disconnecting the motor leads and jacking up the motor and the side frames, the wheels and
axle and finally the motor can be lowered into a pit. The power for the operation of the
auxiliaries is provided by a 3,000-1,500 volt dynamotor which carries a 4 k.w. 65 volt control
dynamo mounted on a shaft extension. The two blower motors and the two compressor
motors are normally operated in series across the 3,000 volt supply, using the mid-point of
the dynamotor for equalization. This scheme allows the operation of the compressors and
blowers directly from the trolley in case of failure of the dynamotor, and of one compressor
or blower in case of the failure of the other machine. An exciter set, used for regeneration,
is driven by a 1,500 volt motor operated from the 1,500 volt dynamotor bus. If it be not
necessary tooperate the blowers at maximum capacity, they can also be operated on the 1,500
volt circuit by connecting them in series. The control dynamo supplies current at 65 volts
for lights, head lights, foot warmers, and control circuits, and for charging the storage bat-
tery.

F1G. 6,171 .~—General Electric running gear of 150 ton, 3,000 volt d.c. articulated type loco-
motive.
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ratio. This fact makes it very easy to find the number of teeth in the
gear and the pinion for changing the gear ratio. In this case, for 14 inch
gear centers and 3 pitch, the total number of teeth is 84. Assume a gear
reduction of 3.2 is desired; that is, the number of gear teeth is to be 3.2
times the number of pinion teeth. The total number of teeth will be
(3.2 + 1) = 4.2 times the number of pinion teeth which will be 84 + 4.2 =
20. The gear will have 3.2 X 20 = 64 teeth and the ratio will be 20:64.

Fi1:. 6,172.—Westinghouse intake side of 300 k.p. oil engine for oil electric locomotive. The
four stroke cycle engine is arranged 1o idle at 300 r..m. and todeliver full outputat 800r.p.m.
The speed characteristics are such as to effect a reduction in weight per k.p The engine, in-
cluding fly wheel weighs approximately 7,000 1b. or 23.3 1b. per #.p. The main dynamois a
750 volt, 210 k.w. variable voltage d.c. machine receiving field excitation from a 64 volt,
5.3 k.w. auxiliary dynamo. The auxiliary dynamo armature is pressed on an extensien of the
dynamo shaft while the stator is bolted to the main dynamo bracket and is easily removable.
T'he commutator end of the armature is carried on a sleeve type bearing while the engine end
of the armature is bolted to the fly wheel and is carried by a double bearing in the engine. The
principal function of the main dynamo is that of supplying power to the traction motors. It
is also used as the starting motor for starting the engine, receiving its power {from the 64 volt,
204 ampere hour storage battery. Lastly, it serves to charge the battery and supplies power
for operating the compressors and auxiliaries at engine idling speed of 300 r.p.m. The auxili-
ary dynamo besidessupplying power forexcitation of the field of the main dynamo, furnishes
power for compressor operation and battery charging when the main dynamo is running at
higher than idling speeds. The motor equipment consists of four locomotive type traction
motors, 16:61 gear ratio and having an hourly rating of 146 amperes at 600 voltsor a continu-
ous rating of 85 amperes at 300 volts. They are self ventilated. This type of motor was de-
signed for a high tractive force at low speed for trolley type locomotive service and is an ideal
application for switching service with an oil electric locomotive.
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desired over a given profile with highest efficiency, low main-
tenance and minimum first cost, requires careful study of all
operating conditions as well as definite knowledge as to what
work can actually be performed with certain electric motive
power equipment under the specific conditions encountered.

Safe and sane operating conditions for the train crew, rolling
equipment and freight are of course the first consideration in
such computations. '

The fundamental law applying to train movernent by elec-
tric locomotive is that in pulling a trailing load of cars weighing
a certain number of tons, the motors must be capable of exert-
ing a certain variable number of pounds tractive effort or
pulling force at the driving wheels in order to overcome the
forces tending to retard the movement of the train.

From this it is evident that the friction between the rails and wheels is a
function of the capacity of the locomotive to move tonnage. The maximum
tractive effort rating of Baldwin-Westinghouse standard electric locomotives
is 25%, of the weight on the driving axles. With clean, dry rail, the co-
efficient of friction between wheels and rail may be as high as .35 giving an
instantaneous tractive effort of 35% of the weight on drivers. If the pull
required at the drawbar plus the locomotive frictional resistance exceed
this number of pounds and the motors have torque in excess of this value,
the wheels will slip and not permit the train to start.

Motor capacity or output is largely a maller of lemperatures.

A relatively small motor can exert a comparatively enormous tractive
effort for an instant, but the heat developed in its windings will be so great
that it will burn up if operated continuously. A motor equipment may be
large enough to haul a train at schedule speed, over a long stretch of level
track and remain at a safe temperature, but, if grades or long sharp curves
are encountered the temperature of the motor may rise to a dangerous
degree.

* Much more power is required to bring a train up to speed
than is required to run it after that speed is attained.
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Motors for Mine Locomotives.—These are similar in many
respects to motors for street railways.

Both of these types are d.c. motors and commonly transmit power to the
driving wheels through single reduction gearing. The method of mounting
is also similar, one side of the motor being suspended from the axle by means
of-axle bearings, and the other side by an attachment to the truck framing.
There are, however, a number of requirements affecting the design of mine
locomotive motors which serve to separate them as a group from other forms
of traction motors. These requirements are of course a result of the kind of
work which the mine locomotive must do and the conditions under which it
must be done. Comparatively few years of motor evolution have estab-
lished the features which enable one to recognize a mine locomotive motor
even if.seen alone and not as a part of the locomotive.

P et N Lt
Fi1G6. 6,174.—A mine locomotive with side frames removed to show position of motors.

Having in mind the space limitations, the motor designer has
the problem of so proportioning the parts as to obtain a maxi-
mum torque from a frame of certain dimensions.

The active electrical parts must be proportioned, however, with due re-

gard to clearances between revolving and stationary parts, mechanical
strength, access to brush-holders, correct lubrication, etc.

A careful distinction should be made between motor torque
(or tractive effort) and horse power.

If a locomotive be equipped with motors that develop a certain torque at
the armature shaft, the locomotive will have a corresponding tractive
effort developed at the wheels. In other words, the locomotive will pull a
certain number of cars of coal or ore. This pulling ability represents the
torque which the designer has been able to get out of a motor of given frame
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fiimensions and is practically independent of horse power. The horse power
is the result of both this pulling ability and the speed at which the pulling is
done as shown in the familiar formula:

torque Xr.p.m.
horse power =———2_ £
power 520

The error is often made of assuming that, of two locomotives otherwise
the same, the one having motors of higher horse power will pull more loaded
cars. It is true that five horses may be able to pull a load that four cannot,
but it does not follow that a Jocomotive equipped with 50 horse power mo-
tors can pull more cars of coal than one equipped with 40 horse power

F1G. 6,175.—Typical mine locomotive motor.

motors, The difference is that all horses pull at about the same speed while
electric motors may be designed for a wide variety of speeds. Knowing the
torque that may be obtained from a given motor volume, the correct speed
is dependent upon the desirable locomotive haulage speed.

Locomotives used for gathering cars within the mine may operate at
speeds as low as four to six miles per hour, while main haulage locomotives
have a most desirable speed at eight to twelve miles per hour. The tend-
ency is toward lower speeds than formerly for gathering locomotives, and
for higher speeds for main haulage.

The standard voltages for trolley type mine locomotives -are
250 and 500 volts. .
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FiG. 6,176.—Top half of extremely narrow gauge motor.

¥1G. 6,177.—Method of removing top haif of split frame motor and armature-
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The 500 volt trolley has proved dangerous due to workmen coming in
contact with it. The 250 volt standard is rapidly coming into more general
use, while 500 volts is seldom used in a mine.

F1s. 6,178.—Mine locomotive motor for use on 18 inch track.

NOTE.—Several stales have passed legislation prohibiting the installation of a 500-volt
trolley in new mines. For storage battery locomotives 80 volts is usual, 48 cells of lead or
80 to 88 cells of Edison battery. The mine motor, along with ather types of electric motors,
has become standardized in the use of commutating pole windings for voltages of 250 and
above. The 80-volt motors for operation from storage batteries are usually of the non-com-
mutating pole type, as commutating poles are not necessary at this voltage to obtain sparkless
commutation.

NOTE.—Flame proof constructior. The explosion tested or permissible construction
has resulted from the necessity for motors that can be safely operated in the presence of ex-
plosive gases or coal dust. The U. S. Bureau of Mines has established a schedule of con-
struction details and tests which must be met in order to obtain its approval of the apparatus
as being permissible for operation in gaseous mines. The final tests which are made on new
motors by the Bureau definitely prove that an explosion of gas inside will not cause an ex-
plosion of gases surrounding the motor. The fully permissible locomotives are naturally
limited to the storage battery type. The trolley locomotive is eliminated due to the sparking
between trolley wheel and trolley. Some operators not favorable to storage battery joco-
motives have greatly minimized the danger of explosions by using locomotives equipped with
explosion tested motors and control and obtaining power through a cable reel and cable. This
cable is hooked to a trolley in the main entry where the ventilation is good and the probability
of explosive gases is small.
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Accordingly, the duty on the motor is very severe at starting. It is
apparent then, that in order to select the most suitable motor equipment
for a given service, the track, grade and traffic conditions must be fully
understood.

It is also obvious that the motor equipment must be capable of exerting
a tractive effort for short periods approaching the tractive limits of the
complete locomotive mechanically without serious temperature rise if the
locomotive is to be a successful application. These facts indicate the
danger that may arise if a locomotive be over ballasted. The weight of a
locomotive for a certain service may be limited also by the strength of
bridges and the weight of rail.

The maximum current which the locomotive can safely take
from the sub-stations, the probable tonnage to be handled daily

- e
s . ] q.l 1

FIG. 6,179.—General Electric Diesel electric locomotive. Built essentially for switchiry service,
the 4-4 wheel locomotive here shown mounts.a 300 4.p. Ingerspll-Rand airless injection oil
engine direct connected to a 200 £.w., d.c. General Electric dynamo, which furnishes current
to four motors of the same make geared to each of the four axles. The uuder frame was
built by the American Locomotive Co. of rolled steel channels carrying twn 4 wheel trucks
of the pedestal type. Carried on board the locomotive are also the following apparatus:
2 G. E. motor driven air compressors; 1 G. E. automatic air brake schedule; 1 straight air
brake schedule; 1 gasoline air starting set; 5 contact switches; 1 storage battevy set; 1 charging
relay; 2 fuel oil tanks; 2 cooling water tanks; 1 cab, lights, head lights, etc.
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and at what points it will originate and be delivered, are other
factors which affect the proper selection of locomotives.

The four major service requirements of a locomotive mzay be
summarized as follows: :

1. It must have sufficient weight on drivers to start the heaviest train on
the maximum grade at reasonable adhesion.

2. It must have sufficient continuous motor capacity to avoid over-
heating in continuous service.

Figs. 6,180 and 6,181.—Westinghouse locomotive control and reset switch.

3. It must have sufficient overload capacity to successfully meet short
time load demands imposed by starting or running train on grades.

4. Tt must have proper speed characteristics to suit -the traffic require-
ments. Slow speed operation reduces power demands on sub-stations, but
may interfere with passenger service or not be sufficiently fast for express
freight service.

Locomotive Control Equipment.—As an example of control
the standard unit switch system as used on Baldwin Westing-
house locomotives is here described. This type of control has
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the following advantages as applied to locomotive installations

and operation:

1. Hand acceleration is particularly necessary in switching operations
for safety reasons in order that the engineer may have complete control of
the locomotive speed at all times. The unit switch control is well adapted
for, and is always applied to, locomotives arranged for hand acceleration.

¥1G. 6,182.—Westinghouse overload relay for
locomotive.

2. The contact pressure of the
unit switches is independent of the
line voltage. This feature is useful in
handling heavy seasonal freight on
parts of a railway system where vol-
tage may be low.

3. Ample protection is provided
against excessively heavy overloads,
grounds, short circuits, surges in the
contact line and lightning.

4. Two or more connected loco-
motives may be operated from any
one master controller.

Main Circuit Switches.—The

various main circuit connections
are made by unit switches op-
erating by compressed air sup-
plied by the air brake system.

The admission of air to the unit
switches is controlled by electro-
pneumatic valves. These valves are
actuated by current from a low vol-

tage control circuit carried through a train line from_ the master controller.
This low voltage control circuit is obtained by tapping from points on the
control resistor, which is connected between trolley and ground.

Each switch is closed against a powerful spring, by a piston actuated by
compressed air when its control circuit is energized. The switch will be
opened quickly by this spring when the air is released. The movement of
the switch, either opening or closing, is rapid and positive, and heavy con-

tact pressure is obtained.
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Reverser.—The movement of a locomotive is directed either
forward or backward by means of an electro-pneumatically
operated reverser.

The reverser consists of a number of stationary fingers mounted on a
rigid base and pressing upon one or the other of two sets of contacts which
are mounted on a rotating drum.

The lever on the master controller controls the rotation of the drum to
place the correct set of contacts for the direction of movement desired, in
contact with the stationary pressure fingers.

Fi16. 6,183.—Westinghouse electro-pneumatically operated reverser for locomotives.

The reverser is so interlocked that it cannot be operated unless the
controller handle be in the off position.

Main Fuse Box.—To protect the locomotive equipment from
grounds or short circuits, a fuse is connected in the main cir-
cuit next to the trolley.

An overload relay is provided with its operating coil connected in the
main circuit ahead of the line switch. This relay, adjustable over a wide
range in current values, will cause the main circuit to be opened when a
predetermined limit of current has been reached.

Grid Resistors.—The grid resistors consist of the required
number of 8 in. three point suspension cast iron grids, arranged
in a suitable number of frames.
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The grids comprising each frame are held together between sheet steel
end plates by three mica insulated tie rods arranged at the three points of
an equilateral triangle, which gives a very solid and substantial construction.

F16. 6,184.—The engineer's locomotive operating equipment.

Master Controller.—The control circuits for operating the
unit switches and the reverser are established by means of the
master controller levers. One lever is provided for notching up
or accelerating the locomotive and another lever for reversing

the direction of movement as explained under the heading
Reverser. :
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The reversing lever is interlocked mechanically with the operating handle,
so that it cannot be thrown to another position unless the main drum is in
the off position,

Sixteen notching positions are provided on the master controller. A
master controller is located in each end of the cab for double end operation.

Meters, Gauges, Etc.—An instrument board is located within
easy vision from the engineer’s position.

Fics. 6,185 and 6,186.—Westinghouse side and front of a typical main control circuit unit
switch forlocomotive. The parts are: 1, blowout coil; 2, contacts; 3, arc box side; 4, upper arc
block; 5, lower arc block; 6, arc box latch; 7, terminal board; 8, shunt; 9, magnet valve; 10,
mounting bar; 11, barrier. )

F1c. 6,187 —Locomotive master controller with cover removed.

An ammeter connected in the main circuit, air gauges, and a volt meter
are mounted on this board, and each is well illuminated from a central
light by reflectors which also shield the light from the direct vision of the
operator. An instrument board is installed in each end of the cab.

The control equipment includes also, all necessary auxiliary apparatus
such as motor cut out switch, main switch, lighting switches and lightning
arresters.

Locomotive Air Brake Equipment.—This consists of double
air compressor units to provide an ample and reliable air sup-
ply, an automatic governor which controls the operation of the



3,706 Electric Locomotives

Fi1G. 6,189.—Westinghouse operator's brake valve. The upper lever is for locomotive brakes
only. The lower lever operates the automatic brakes. The air brake has two functions,
namely, to stop the trainin the shortest possible time, and to insure smoothness and reliabil-
ity in train handling. To obtain these, the equipment is a combined automatic and independ-
ent brake, allowing the locomotive brakes to be controlled independently of, or in conjunctinn
with, the train brakes.
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compressors between predetermined maximum and minimum
pressures, reservoirs with sufficient storage capacity, double
end brake valves with an independent and automatic position,
a distributing valve and the brake cylinders.

Severe service demands double air compressor units to provide sufficient

air for braking and other purposes. The control of the compressors is so
arranged through a governor synchronizing system that each unit will
carry its share of the load, both when operating as a single cab locomotive
or with two cabs in multiple. The compressors may also be operated in-
dependently when necessary.
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TEST QUESTIONS

. Give a classification of electric locomotives.

What types of motor are used on electric locomotives?

What is the advantage of inter-pole motors?

How is the field arranged in a field controlled motor?

How is the voltage reduced in electric locomotives
from high tension to low tension for the motors?

How are locomotives designed for both overhead wire
and third rail operation?

What types of drive are used between motor and power
wheel axle?

. Describe the method of laying out gears.

How is a gear ratio usually expressed?
What are the points relating to locomotive selection?

Give comparison of the power required for train op-
eration, in accelerating and at constant speed.
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12. What are the features of mine locomotives?
13. Describe a Diesel electric locomotive.
14. Describe at length the locomotive control equipment.
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CHAPTER 134

Current Collecting Devices

Classification.—The various electric traction systems in suc-
cessful use as distinguished by the mechanical means provided
and special methods adopted for supplying current to the
- motors are, as already mentioned, divided into four classes:

Fics. 6,190 and 6,191.—Trolley wheels. Fig. 6,190, Ideal trolley wheel; fig. 6,191, Union
standard trolley wheel. The trolley wheel must not be hard enough to wear the wire
unduly, it must not be soft enough itself to wear out reaxlily, and it must have maxi-
mum conductivity. Union standard trolley wheels are made of phosphor bronze, while the
Ideal trolley wheel is made with a forged copper center on cither side of which steel
flanges are pressed.

.

1. Overhead trolley system;

2. Pantagraph system;

3. Third rail system;

4. Underground rail or conduit system.

The Overhead Trolley System.—In this arrangement which
is largely used in towns and cities, the current for the motors
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F16s. 6,192 and 6,193.—Ohio Brass trolley wheel and harp.

ADJUSTING
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F1G.6,194.—Nuttall roller hearing trolley base for interurban or city service. This base is sup-
plied with copper shunts which connect the pole socket axle pin 1o the swivel casting and
obviate the necessity of carrying current through the bearing. Its wheel pressure increases
as the pole approaches the perpendicular.
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is taken from an overhead wire by means of a “trolley’”’ with
grooved wheels, which is held up against the wire by a flexible
pole. The wires from the contact wheels pass down the pole to
the car controller and thence to the motor, the return circuit
usually being through the rails.

Fi6. 6,195.—Pantagraph, single shoe type.

Pantagraph System.—This is a form of trolley used in high
speed electric Iraction. A broad contact shoe formed of conduct-
ing material is supported by jointed elbows resembling a panta-
graph carried on springs. The trolley is raised and lowered by
compressed air. The top of contact member of the pantagraph
slides along the overhead wire and is used where the voltage
is high; for instance, 1,100 volts or over.
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The Third Rail System.—In this system a rail called the
“third rail” is laid outside the track rails. The current is taken
by means of a suitable contact shoe which slides along the rail,
and the car is controlled by the motorman as in the case of a
trolley car.
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Fi1Gs. 6,196 to 6.200‘—Ohio Brass third rail support and insulator, for under contact opera-
tion. This is used in open roadways where snows may be heavy and it is necessary to have
greater distance between the live rail and the ground. The shoe slides under the rail mstead
of on top of t as in subways or other protected places.

The third rail contact shoe is a projecting foot or shoe at the base of the
car, supported by springs and which presses against and slides upon a rail
energized to give the current.

In the operation of trains as in subways or on elevated roads where the
consumption of current is considerably heavier than for single cars, third
rails displace the trolley wires for conveying the current to the motors.
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Ques. What are third rails?

Ans. Track rails set on insulators alongside of tracks to
provide a means for supplying large quantities of current to
trains.

Ques. How is this done?

Ans. By means of shoes extending from the bottom of the
cars which slide along the top or underside of the rails.

F16. 6,201 and 6,202.—Third rail support and insulator for higher than 600 volt operation and
protection boards at the side for protection against side contact.

Third rails are installed in various ways as regards protec-
tion against contact and for workmen; and these ways depend
upon the roadway, the type of shoe used, and the amount of
protection required.

For top contact shoe, side boards are used as shown in fig. 6,201; for
sliding contact shoe, a top covering with sufficient spacing for the shoe to
come in at the side is used; for under-contact shoe, a metal insulator holder
covers the rail and offers the necessary protection.
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Ques. How are third rail sections made continuous elec-
| trically?

Ans. Either by welding the joints or by putting on splice
plates, as on track rails, and copper bonds across them.

C
A B c

Y

F1G. 6,203.—Y oke construction for conduit or underground trolley, as installed on Metropolitan
Railways, New York City. These yokes were placed 5 feet apart in an excavation made
through the street. The track rails A, A, and the slot rails, B, B, were then laid on the
yokes, and the ties C, C, inserted. The whole structure was then blocked up, surfaced and
lined, and constituted the track construction. The conductors consist of two channel
beams, D, D, placed 6 inches apart and supported by insulators E, E, at each yoke. The
contact rail joints are bonded in a manner somewhat similar to ordinary rail bonding, and
form a complete metallic circuit having a pressure of 500 volts between the conductors.
The current from these conductors passes through the slot or opening between the slot rails
and extends into the conduit to a distance sufficient to bring the plow contacts or shoes
F, against the conductors. The spring G, tends to keep the shoes normally about 8 inches
apart, so that when they are pressed into the 6 inch space between the conductors, they
maintain a firm sliding contact with the latter. Hand holes provided with iron covers are
placed about 15 feet apart directly over the insulators. The manholes are placed about 150
feet apart, and usually between the tracks. Arrangements are made at these points to drain
the conduit into the sewers. The bottom of the conduit is given a minimum grade of 2 inches
to 100 feet, so as to insure proper drainage on sections of level track. The contact rails
are treated like a double trolley wire, and the feeders and mains are laid in underground
conduits. This system is so expensive to install that its use is limited to only’the largest
cities where for various reasons the use of the overhead trolley is objectionable and pro-
hibited.
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Ques. What are bonds?

Ans. Bonds are copper straps with terminals for carrying the
current around the track joints.

Ques. How are they fastened?

Ans. By drilling holes in the rails and compressing the ends
or terminals of these copper straps in the holes.

F16G. 6,204.—Cross section showing construction of protected 1op contact third rail.

The Underground Trolley or Conduit System.—This system
is used only in large cities where trolley cars are maintained
and poles and overhead wires are not permitted. The con-
struction is extremely high in cost compared with trolley wire
installation. ‘
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F1G. 6,216.—Typical trolley harp. In construction a harp is best made of malleable iron
as this metal is best adapted for the strenuous overhead service because harps so con-
structed are strong enough to withstand shocks caused by wheels leaving the wires. Heavy
harps place a severe burden on the springs in the trolley base and make the spring action
sluggish, but malleable iron harps, because of their light weight, do not retard the function
of the springs. Furthermore, there are no sharp corners or projections to catch and tear
down overhead. The features of these harps are: 1, Non-turning washer—a lip on the edge
of the washer fits down into a slot in the harp and locks the contact washer in -place. 2,
Phosphor bronze shunt springs—the shunt springs are turned into a slot and riveted to
the outside of the harp. The shunt springs do not come in contact with the wheel and
consequently there is no friction wear. 3, Axle pin—the axle pin is case hardened. The
cotter pin which holds it in place is easily accessible and may be removed on the job quickly
and without difficulty. '
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TEST QUESTIONS

Give a classification of the various current collecting
devices.

In what localities is the overhead trolley largely used?
Describe the overhead trolley.

What is a pantagraph?

How is a pantagraph raised or lowered?

Describe the operation of the pantagraph system.
What is a “third rail’’?

How is current taken from a third rail?

Describe several types of third rail meunting.

Name two methods of shoe contact.

How are third rail sections made continuous elec-
trically?

. What are bonds?
. Describe the underground trolley or conduit system.
. What are the requirements of a conduit system?
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CHAPTER 135

Railway Control Methods

The control apparatus on a car provides for the correct ap-
plication of power in starting, for operation “forward” or
“backward” for opening the power circuits in order to slow
down or stop, and for the protection of the equipment.
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F16. 6,217.—Westinghouse standard resistor for d.c, railway equipment.

If full trolley voltage were applied to the motors at stand-
still, an enormous current would flow through them and they
would develop an immense tractive effort. The result would be
disastrous both electrically and mechanically; in fact, satis-
factory operation would be impossible.

The control, therefore, includes electrical resistance, made
up in the form of grids mounted in one or more frames, fig.
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6,217, which is connected in series with the motors during the
starting.

This- resistor is provided with taps so that the amount of resistance in
the circuit may be gradually reduced from the maximum at the instant of
starting until it is finally all cut out of circuit and the motors are receiving
full voltage.

The various connections are made through a controller, each
step at which a connection is changed being known as a “point”
or ‘“notch” on the controller. '

TROLLEY

ARMATURES

F16. 6,218.—1,200 volt twe motor equipment.

As a controller has comparatively few points, the voltage applied to the
motors is increased gradually by steps, instead of continuously, which
would be the ideal method, if practicable. Hence, the current and conse-
quently the tractive effort of the motors vary during the “notching up”
process.

Controllers and resistors are designed so that with ordinary
handling the voltage steps will be fairly regular and the varia-
tion of current in the motors limited so that smooth starting
results. -
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Fig. 6,221 shows approximately how the current CC' and the voltage at
the motors VV! change as the controller is operated.

All modern railway equipments include an even number of
motors.

TROLLEY

SERIES CONNECTIONS RAILS =
TROLLEY

PARALLEL b
CONNECTIONS A RAILS =

FF1Gs. 6,219 and 6,220.—Series, and parallel hook ups for 600 volt twe motor equipment.
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With one motor equipments and where only two motors are used and are
connected in series so that they may be operated from the trolley at twice
the motor voltage (such as two 600 volt motors in series on a 1,200 volt
trolley), fig. 6,219 and 6,220, indicate the starting conditions and propor-
tion of rheostatic loss. Only a small number of such car equipments are in
use and their field is very limited. The platform controllers used with
them are known as R type or rheostatic controllers. Hence, it may be said
that the majority of car equipments may have the motors individually con-
nected in series or parallel with each other, or the motors may be grouped
two in series or two in parallel and the groups connected in series and
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F16. 6,221.~Volt and ampere diagram for various positions of the coutroller. For simplicity
in calculation the voltage is assumed to vary continuously as indicated by the line, VT’, and
the current is assumed constant during notching as shown by the line II’. Although the
voltage applied to the motors themselves varies from V to T’, the voltage at which current
is taken from the trolley is constant at TT’. The difference between trolley and moter
voltages is taken up by the resistor. In the diagram, the area TT”Al, is a measure of the
total energy taken from the trolley while notching up the controller and the area, VT’Al,
measures the portion of this total energy received by the motors. The area VT, represents
that portion of the total energy which is absorbed in the resistor and is a total loss, as it does
no useful work but is dissipated by the resistor as heat. In the figure this resistance loss iy
nearly one-half of the total energy taken from the trolley during the starting period.
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parailel for starting. The purpose of such series parallel arrangements is
‘to reduce the rheostatic loss below the amount indicated by fig. 6,221.

"When two motors are in series each takes only half of the trolley voltage
as explained in fig. 6,226.

In some few instances, further reduction in the resistance loss has been
secured by using series, series parallel, or parallel connections as shown in
figs. 6,227 to 6,229.

By this arrangement approximately one-half of the loss. VSS!, of fig.
6,226 is saved and the total resistance loss is approximately three-fourths

TROLLEY

Fics. 6,222 and 6,223.—Series and parallel hook ups for 600 volt four motor equipment.
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TROLLEY

4

RAILS

Fi1Gs. 6,224 and 6,225.—Series, and parallel hook ups for 600 volt four motor

equipment.

VI

RAILS ¥

F16. 6,226.~— Diagram
showing that the loss
in resistors isapprox-
imately one-half the
amount it would be
without the series
parallel connection.
While in series the
voltage for one motor
and _its resistor is
only, SSt, or half the
trolley voltage,
TITV1. The energy
delivered tothe motor
in either case is
VSIV1IA.| With series
parallel control, the
resistance lossis VSS?
+TV1Sy, while with
motors permanently
in parallel, the loss is
VTV, which is ap-
proximately twice as
great.
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TROLLEY

SERIES PARALLEL
CONNECTIONS

RAILS

PARALLEL '
CONNECTIONS RAILS
FiGs. 6,227 to 6,229 —CSeries, series parallel and parallel hook ups for 600 volt four motor

equipment,
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of what it is with ordinary series parallel control, as shown in figs. 6,219,
and 6,220 and figs. 6,222 to 6,226, or is approximately three-eighths of the
amount it would be with the rheostatic -control shown in figs. 6,218 and
6,221. However, it is an exceptional case where the reduction in resistance
loss by using the connections of figs. 6,227 to 6,229 instead of those of figs.
6,222 and 6,223, justifies the additional complication in the control appa-
ratus and wiring necessary to secure it. Therefore, series and paralle] con-
trol as shown in figs. 6 222 to 6,225 is standard for car equipments.

D

AMPERES

n >

6 seconps E

Fic. 6,230.—Field control diagrat. In the diagram, AB and CD, indicate the currents per car
taken from the trolley in series and parallel respectively, without field control. The area
OABCDE, is a measure of the total energy taken from the trolley in starting, and the area,
OJBDE, represents the actual input to the motors, while the areas, JAB, and BCD, show
the rheostat losses. If field control be used. the currents are reduced to FH, and ML, with
full field, but on the short field notches they are at B and D. The total energy from the
trolley is represented by the area OFHBMLDE, while the energy delivered to the motors is
the same as without field control, OJBDE, and the rheostatic losses are shown by the area,
JFH, and BML. .

Field -Control Motors.—The use of field control motors in-
creases the equipment efficiency in starting by reducing the
resistance loss, as shown in fig. 6,230. From the explanation,

it is evident that the rheostatic losses, and therefore the total
energy taken by the car, are reduced by the amount indicated
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TROLLEY

FIELD

RESISTANCE

/

g_/_ J, /ARMATURES

J / FIELD

TROLLEY

RESISTANCE

5.
|
L

RAILS =

RAILS =

FiG. 6,231.—Diagram of two motor equipment showing series resistors used in starting.
Switches for short circuiting the sections are indicated at 1, 2, 3, 4, and 5. When power is
first applied all of these switches are open. They are closed consecutively in notching up the
controller until all are closed. In this position the motors are running on full voltage without

resistance in the circuit and this is an economical operating condition.

F1c. 6,232.—Diagram of two motor equipment showing parallel resistors used in starting.
1,2, 3, 4, and 5 indicate switches which are all open at the start and are closed cousecutively
as the controller is operated! When switch 5 is closed the equipment is in an economical

running connection.
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by the areas FABH and MCDL. In various service tests, this
reduction in energy consumption by the use of field control
has ‘been found to be from 59, to 17% of the total energy
taken by the car.

Starting.—Three classes of resistor connections are used in
starting.

With series resistors all of the resistance is in circuit at first
and it is gradually short circuited by sections as shown in
fig. 6,231.

TROLLEY

RESISTANCE

Il > 2

R i

3 \ / W :

% il RAILS ¥

]
F1G6. 6,233.—Diagram of two motor equipment showing series and parallel resistors. The
sequence of operation of the switches in this case is indicated in fig. 6,234.

With ‘“‘parallel resistors” only a part of the resistor is in
circuit at starting and additional resistors are connected in
parallel with the initial section by successive notches until
finally the entire resistor is short circuited, as shown in fig. 6,232.

The third class of resistor includes those combinations using
both series and parallel connections.

. One such resistance is illustrated in fig. 6,233. The sequence of operation
of the switches in this case is indicated by fig. 6,234, which shows by the

circles which switches are closed on-each controller point. Notch 5 is the
running notch without resistance in circuit.
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STEP SWITCHES
123 |4
1] @
2 [ ]
3 ® |0
4 @ ®
S|e | @ ®
FiG. 6,234.—Diagram showing sequence of operation of the switches in the hook up shown
in fig. 6,233.
TROLLEY
RESISTANCE
TROLLEY 1 ARMATURES\\

RESISTANCE

TROLLEY

RESISTANGE

Af——

RAILS

Fic. 6,235 to 6,237.—Diagrams of two motor equipment showing the connections for the last
series, transition and first parallel points of the open circuit method.
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Transition.—Three methods of making the transition from
series to parallel connection of the motors are in use:

1. Open circuit;

TROLLEY 1 4 MATUR '
Y, J;/AR. U ES\/Qz

7N | .
./ “»;b' w /,:i'—ff\c\)
RESISTANCE ﬁ/ FIELD ! )I FIELD .l_]
i = RAILS =
TROLLEY 1 2 q
. - ARMATURES ~4
ﬁ > 2
LS\ ’:j\ )
RESISTANCE FIELD ﬁ” A

RAILS 7

TROLLEY

RESISTANCE

TROLLEY

FIELD
RESISTANCE

ARMATURES
e <

TROLLEY
D

RESISTANCE

Fics. 6,238 to0 6,242.—Diagrams of two motor equipment illustrating the last series, transition
and first parallel steps of the shunting method. Here there are three transition steps.
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2. Shunting;
3. Bridging.

Open Circuit Method.—The connections for the last series
transition and first parallel points of the open circuit method
are shown in figs. 6,235 to 6,237. This is the method of series
paralleling used with the L type of platform controllers most
of which also use the method of parallel resistors.

These controllers were built only for large equipments, from 350 to 500
k.p. at 500 volts and since for equipments of such capacity it is now common

TROLLEY 1 /_[‘ </ARMATURES—-H,_M\ /_[)2
/ b \
i
) =)
E 2N/ FILLD
RESISTANCE ﬂ/
~ RAILS ™
TROLLEY :RMATURES 2
FIELD G

RESISTANCE

TROLLEY 1 /_Q’/ARM””RES

RESISTANCE RESISTANCE

RAILS

FiGs. 6,243 to 6,245, —Diagrams of two motor equipmems showing bridging method. Two
resistors are used. On the transition step the motors in series are receiving full trolley volt-
age through the circuit Tb!bG and the two 1esistors are in series with each other between
trolley and rails thus formlng a circuit TRbb!R!G in parallel with the motor circnit. A
bridging connection bb?, is made between the junction points of the two resistors and the
junction point of the two motors and establishes two other parallel circuits, Tb!R'G and
TRbG, each comprising one motor and one resistor in series. On the first parallel notch
the bridge bb!, is opened and the motors are in parallel with a resistor in series with each
motor.



3,732 Railway Control Methods

practice to use unit switch control, L type controllers may be considered as
practically obsolete. Of course a number of L controllers which were
installed in past years are still in successful operation.

Shunting Method —The last series transition and first par-
allel steps of the shunting method of series paralleling the motors

are shown in figs. 6,238 to 6,242. Here there are three transition
steps:

1. First transition;
2. Second transition;
3. Third transition.

This method has an operating advantage as compared to the open circuit
method in that only one-half of the torque is dropped during the transition
instead of all torque being lost. Series paralleling by this method is used
with most platform controllers of the K type, which also employ the
method of series resistors, and with unit switch control except where auto-
matic operation is required or the current handled is comparatively large.

Bridging Method.—This method is shown in figs. 6,243 to
6,245 from which it is seen that the last series transition and
first parallel steps of the bridging method of series paralleling
the motors are indicated.

This method has an advantage over both of the other methods in that
both motors are working all the time and none of the torque is dropped
during the transition period. Bridging is used where automatic operation
unit switch control is desired and with hand operated unit sw1tch control,
where heavy current is handled.

Reversing.—It is necessary to be able to run cars backward
as well as forward. Since the driving motors are positively
geared to the car axles, a change in the direction of motion
of the car requires a change in the direction of rotation of the
motor.
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The direction of rotation of series motors depends upon the
relative directions of the currenl through the field and armature
windings.

If the direction of current through both field and armature be reversed,
the direction of rotation will not be changed. A change in the relative direc-
tions of field and armature current, and therefore in direction of rotation,
is made by reversing the connections of eithe- the field or armature in the
circuit. .

Exarﬁple.;-ln fig. 6,246, if a, represent the connections to run the car
forward, b, shows the connections for backward operation.

A TROLLEY b TROLLEY

A

Al ARMATURES B ARMATURES

COMMUTATING
< FIELDS ﬂé

C A
L FIELDS — o = B

e MAIN
FIELDS

D
_Rais L i byl RALS 1

Fi1G. 6,246.—Diagram showing connections for forward and backward operation. At a,
brush A, is connected to the trolley and brush B, to the positive side of the field. At b, the
brush B, is connected to the trolley and A, to the positive side of the field. The negative side
of the field is permanently connected to ground and the armature has been reversed. Thisis
the standard method of reversing used with motors which do not have commutating poles.

FiG. 6,247.—Commutating pole motor hook up for reducing the voltage on the field coil in-
sulation.

Commutating pole motors require that the armature and com-
mulating pole windings be connected so that the relalive directions
of current through them shall always be the same.
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It is further desirable that both the commutating and main field windings
shall always be on the ground side of the armature on account of the
reduced voltage strains on the field coil insulation. In order to secure these
features, the commuting pole winding is permanently connected to the
negative armature brush and the main field winding is reversed between the
negative terminal of the commutating pole winding and the ground, as
shown in fig. 6,247.

Electric Braking.—Track brakes are used to a limited extent
with car equipments, in which case the controllers must be
arranged to make the necessary connections. The energy for
track brakes may be taken direct from the trolley or from the
motors acting as dynamos driven by the stored energy in the
car after the power is cut off. )

For braking, all the molors are in parallel and connected to the
brake magnels through resistance which is varied as the car speed
is reduced.

In case of failure of the brakes, it is possible to brake the car by suitable
manipulation of the controller and reverser, except where the equipment
includes only a single motor or its equivalent of two motors permanently
in series.

When a car is running without power there is a slight residual magnetism
in the field poles although no current is flowing in the field coils and there is
a tendency to generate voltage in the armature. With the reverser set for
the direction in which the car is moving, this voltage is in such a direction
that if it should produce a current through the field, this current would
demagnetize the field which in turn would kill the voltage and current.
Hence the motors will not pick up as series dynamos.

1f, however, the car be moving forward and the reverser be thrown to its
position for backward motion, the voltage set up in the armature by the
residual magnetism tends to send a current through the field in such a
direction that the field magnetism is increased which in turn builds up the
armature voltage and current. In this way the motors are made to pick
up as series dynamos.

An inherent characteristic of a series dynamo is that 7t must
be connected to a load in order o generate any voliage and lhe
value of the vollage generated depends upon the amount of the load.
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If two mojors be connected in parallel, with the reverser set for genera-
tion, both motors tend to generate in the same direction and therefore
oppose each 'other.

" In practically all cases one of the two motors is stronger than the other
so that it “picks up” as a dynamo and the weaker motor runs from it as a
motor tending to reverse the direction of motion of the car.

In fig. 6,248, is indicated by signs the voltage and by arrows the direction
of current for two motors in parallel taking power from the trolley. In
6,249 the arrows show the tendency of armatures and fields to oppose each

F1cs. 6,248 to 6,251 .—Diagrams of two motors in parallel showing voltage and current condi-
tions when taking current from the trolley, and when not taking current from the trolley-

other and maintain an electrical balance with no current flowing, which is
the condition when the car is running without power. When the reverser is
thrown to the backward position while the car is moving forward, the con-
nections are as shown in fig. 6,250, and the signs and arrows respectively
indicate the voltage and the direction in which current tends to flow
initially. )

If it were practicable to manufacture motors absolutely
identical electrically and magnetically, a condition of balance
would exist with two such motors connected as in fig. 6,250
and no current would flow.

Practically, however, one of the motors will always generate
a higher voltage than the other and sufficient to drive current
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through it in the direction opposite to the voltage which it
tends to generate.

TROLLEY

3 )\
Y
l”i/

SERIES PARALLEL
CONNECTIONS

RAILS

PARALLEL
CONNECTIONS RrAlS =

FiGs. 6.252 to 6,254.—Diagrams of four motor equipment arranged for three speed control.
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In fig. 6,251 motor A, is operating as a dynamo driven by the momentum
of the car, and is generating a higher voltage than motor B, thus furnishing
power to operate B, as a motor tending to retard the car. This scheme is
used only for emergency braking. When two motors are permanently in
parallel, as with a 600 volt quadruple equipment, this emergency braking is
secured by simply moving the controller to the off position and then throw-
ing the reverser. With 600 volt double, 1,200 volt quadruple equipments,

_or 600 volt quadruple equipments arranged for three speed control, as in
fig. 6,252, where all motors are in series at first, in order to secure emergency
braking it is necessary to move the controller to the off position, throw the
reverser, trip the circuit breaker, so that line power cannot be applied, and
then move the controller up to the first notch on which motors are in
parallel. This method of braking is equivalent to running one motor of a
pair as a dynamo and the other as a load. It is also possible to use other
apparatus for furnishing the load.

The two motors of a pair may be operated as dynamas in either
series or parallel and an external resistance connected in series
with them for absorbing the energy which they generale.

This is known as electric braking.

The external resistance may be replaced by the magnet coils of the track
brakes which act on the track and wheels, and hence give effective braking
with much less current through the motors than with electric braking
through resistance. o

With either electric braking or track brakes, it is necessary
to reverse the motors to make them ‘“‘pick up”’ as dynamos.

If the motors be in parallel when used for this purpose, it is also necessary
to interchange the fields; that is, in fig. 6,252, eonnect the field of motor A,
in series with the armature of motor B, and field B, in series with armature
A, in order to secure equal voltages from the two motors and stability of the
system. If this interchange of fields were not made, emergency braking
would occur just as though no resistance or brake magnets were connected
across the motor terminals.

Protection.—To furnish protection against too heavy over-
loads or grounds and short circuits which may occur in an



3,738 Railway Control Methods

equipment, an adjustable circuit breaker, as shown in fig. 6,257
is connected in the cable between the trolley and the controller.

Circuit breakers are rated according to the current which
they will carry continuously and for any specific equipment,
are selected so that the current rating of the-breaker is ap-
proximately two-thirds of the nominal one hour current rating
. of one motor multiplied by the number of motors in parallel in
the equipment.

The breaker is usually set to trip at a current 509, greater

Fic. 6,255.—Two motor hook up to caust them to *“pick up'* as dynamos.

than the nominal current rating of one motor multiplied by
the number of motors in parallel per equipment. )

Example—A 600 volt car equipped with four motors, each rating 100
amperes for one hour, should have a circuit breaker with a continuous rating
of 24 X 100 X 4 = 267 amperes. Ordinarily this breaker should be set to
trip at 1.50 X 100 X 4 = 600 amperes. On locomotives it is customary to
set the breaker to trip at double full load on the mators. In the above case

_ this wauld be 2 X 100 X 4 = 800 amperes.
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For protection against lightning and surges which occur in
the contact line (trolley or third rail) a lightning arrester is con-
necled next to the collector and a choke coil is connecled in the

power circuit between the lightning arrester tap and the circuil
breaker. .
If lightning or a line surge tend to produce an abnormal voltage at the
car, which in turn tends to send a heavy rush of current through the equip
ment, the choke coil limits the current rush and piles up the voltage next to

CIRCUIT
BREAKER

CONTROLLER
. _BOX | LIGHTNING
[ ARRESTER

JUNCTION
_~BOX

Fi16. 6,256.—Westinghouse single end type K control equipment.

the arrester until the current finally jumps to ground through the arrester,
the tension is relieved and normal conditions are re-established.

Fig. 6,256 shows in skeleton form the apparatus and connections for a
single end car equipment employing two 600 volt commutating pole
motors, platform type controller and auxiliary apparatus as described.
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FiG. 6,257.— Westinghouse circuit breaker to furnish protection against too heavy overloads
or grounds and short circuits which may occur in an equipment.

TEST QUESTIONS

1. What are the functions of a control apparatus on a
car?

2. What would result if full trolley voltage were applied
_to the motors of a car at standstill?

3. Name an important part of the control apparatus.

4. How are the various control connections mede?
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10.

11.

12.

13.

14.

15.

16.

. Does a controller increase the voltage by steps or

uniformly?

Is an even or an odd number of motors used?

. Describe the method of control with one and two motor

equipment.
Describe the method of field control.

Name three classes of resistor connections used in
starting.

Name three methods of making a transition from
series to parallel connection of the motors.

Describe the open circuit method.
What connection is used in the shunting method?
Describe the bridging method.

Upon what does the direction of rotation of a series
motor depend?

In reversing, what are the requirements of commu-
tating pole motors?

What is understood by the term “electric braking™?
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- 17. Describe the method of operating motors in electric
braking. :

18. What is necessary in electric braking to cause the
motors to pick up as dynamos?

19. Describe the protective equipment.
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CHAPTER 136

Control -Equipmeht

The type of apparatus described in this chapter is applied to
cars and locomotives for 600 volt, 1,200 volt and 1,500 volt
installation. The instructions and data covering this class of
equipment apply in general to electro-pneumatic control equip-
ment of special construction, such as would be required to
multiple with other manufacturers’ apparatus. Therefore, the
information here given relating to individual pieces and parts ot
apparatus, such as controller boxes, switch groups, line switches, .
reversers, air cylinders, relays, etc.,is practically the same
regardless of special requirements.

For the benefit of platform operators, a general list of the
apparatus involved is here given. The list of apparatus covers
an equipment for four 65 A.p. 600 volt motors arranged for
double end operation in trains on 600 volt trolley.

Main Circuit Apparatus Control Apparatus

2 Trolleys. 2 Master controllers.

1 Lightning arrester. .

1 Main knife switch. 2 Control and reset switches.

1 Main fuse box. 1 Control resist

1 Control box. ntrel resistor.

1 Reg/(fr)ser (included in control 2 Train line junction boxes.
X

1 Main grid resistor. 2 Train line receptacles.
1 Set insulating details. o
1 Set pneumatic details. 1 Train line jumper
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Trolieys collect the current from the overhead trolley wire usually by
means of a revolving contact wheel.

Lightning arrester protects the control apparatus and main motors
from lightning ard other abnormal voltage surges.

Main knife switch, fig. 6,258, disconnects the main motor circuit frqm
the trolley circuit so that the controlling apparatus may be operated in-
dependently of the main motors for inspection purposes.

FI1G. 6,258. —Westinghouse i \in s' sitch. This is a kniwe switch for disconnecting the apparatus
from the trolley circuit.

Main fuse box, fig. € 259, provides ultimate protection to theequip-
ment against sustained currents above the ratings of the apparatus, but
below the setting of the overload trip protection.

NOTE.—The control equipment described and illustrated in the accompanying text is the
Westinghouse type HL unit switch control equipment.
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Control box and switch group, figs. 6,260 and 6,261. The main part of
the equipment contains the resistance switches, the transition switches
and where no separate circuit breaking line switch unit is used, the line
switches. The difference between a control box and switch group is that
the former includes the reverser mounted on one of the end plates, while
a separate reverser is used with the latter.
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Reverser, fig. 6,262, as its name implies, reverses the direction of
current in the motor fields or armatures by interchanging the connections.
This reversal of current in the field or armatures with relation to tha
armature or field current reverses the direction of running.

F16 5,261.—Westinghouse line switch complete with covers.

Main grid resistor, fig. 6,263, limits the amount of current which flows
and thus controls the torque developed by the motors. Notching of the
master controller, which operates the switches in the control box or switch
group, cuts out the resistance step by step, thereby permitting the motors
to gradually speed up and hence the car to accelerate without excessive
current and without undue discomfort to passengers.

Master controller, fig. 6,264, controls the starting and accelerating of



‘ Conérol Equipment 3,747

the car. Closing and opening of main motor circuits are accomplished in-
directly by the master controller energizing or de-energizing the control
circuits of the switches in the control box or switch group.

Control and reset su;itch, figs. 6,265 and 6,266, energizes or cuts off
power from the control circuit.- It also resets the overload trip by ener-
gizing the reset coil.

Control resistor, fig. 6,267, provides relatively low voltages for the
control circuits to the operating coils of the switches.

Train line junction boxes, fig. 6,268, are used to simplify the installa-
tion of control wiring and the inspection of equipments as a whole.

T

FETREr gy

¥16. 6,263 .—~Westinghouse standard grid resistor for control circuits of motors. With all the
resistance in, the amount of current the motors get is small and the car starts slowly; as the
resistance is cut out, it gains speed.
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FI1G. 6,264.—Westinghouse master controller
shown without cover. It consists of a
cylinder with contact rings, operated by
the control handle, which open and close
the circuits of the motor control switches,
energizing and de-energizing their operat-
ing coils which cause air valves to admit
air under pressure, into cylinders that con-
trol the moving parts of the switches.

F1Gs. 6,265 and 6,266.—Westinghouse contrel and reset switch shown with and without cover.
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F16. 6,267 —Westinghouse control resistor.

F16. 6,268.—Westinghouse train line junction box open.
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/ GRID RESISTORS /

gy 1 e

CONTROL RESERVOIR

\

MASTER CONTROLLER

-
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i
)
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CONTROL
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o

MAIN SWITCH—

F1G.6,271.—Typical car layout equipped with Westinghouse type HL unit switch control.

Operation

Single Car Operation. — When
laking charge of a car, see that the
main fuse is in place, the main
switch and the pump switch are
closed and the control air cut out
cock is open. Be certain that all air
tanks are drained of any moisture
or sediment which may have col-
lected in them.

If the irolley has been lowered or the
pump switch opened, do not attempt to
move the car until the main reservoir
pressure has reached at least 60 lbs. pres-
sure and the pump governor has cut out;
then try the air brakes to see that they
are operative before applying power to
the car.

Place the controller handle in the ‘‘off”
position and move the handle of contro;
switch to the “reset” position momen-
tarily to see that it shows a flash, thus in-
dicating that the control fuse is intact
and that power for operating the control
and reset circuits is available. Then place
the handle of the control switch in the
*“‘on”’ position.

Place reverse handle in forward or re-
verse position as desired, then move con-
troller handle notch by notch in the usual
manner. The last series and last parallel
notches are the two running notches and
give “‘half”’ and “‘full speed” respectively.
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The main and reverse handles are so interlocked that the former cannot be
moved unless the latter be in either the forward or the reverse position, and
the latter cannot be moved unless the former be in the “off” position.

Merely moving the reverse handle does not throw the reverser. After
putting the reverse handle in the desired position, the main handle must
be put on the first notch in order to throw the reverser. _

Should the reverser refuse lo throw from the master controller for any
reason, it can be moved by opening the cover and touching the pin on top
of one or the other of the two magnet valves. In case the reverser fail to

F16. 6,272.~Westinghouse control operation 1. Cutting out motors.

throw pneumatically it can be thrown by means of the hand lever, or, in
case of the reversers mounted on the control box end plate, by inserting
short piece of pipe over the lug provided for this purpose.

If the switches open, due o the operation of the overload trip return