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Electric Car Lighting has today passed beyond the
experimental stage and has established for itself, an important and
recognized place 1in the realm of electrical engineering. The subject
of car lighting 1s one with which every energetic railway manager
has to deal and the electrical lighting of reilway cars is demanding
the attention: of most of the railroads throughout the world.

The success of an invention depends upon two things,
first upon its capacity for accomplishing the results for which it
was designed; and secondly,the demand created for the invention,
when it is placed upon the market or put into general service.
Hlectric car lighting fulfills both of these conditions and its
success today 1s proven without a doubt. Electricity is universally
admitted to be the best means of supplying light providing 1t can
be produced and regulated successfully. Many systems of regulation
and control have been devised and are now in operation on the trains
of various railway companies. The success of electric lighted tralns
may also be attributed to the fact, that the travelling public
demand the best service from our rallroad compenies. The public is
no longer content to ride in cars where the furniture is covered
with grease and dirt from old oil lamps, nor does any one enjoy
inhaling the obnoxious gases, so common to cars lighted with gas,

when compatitors are offering for the same rate, elegantly furnished

carg, free from dirt, grease Or odor, and brilliantly and evenly

lighted with the modern incadescent lamp.

The electric lighting of cars 1s accomplished by means

of many different systems. Each system must have a source of power,

a means of regulating and controlling this power and lastly an:

efficient means of distribution. In the 1ast few years, marked
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improvements have been made in various systems of car lighting over
some of the earlier types.

It is interesting to go back to the origin of electric
car lighting, and review some of the earlier methods and systems by
which the various ralilroads lighted their trains by electricity.
Until the year 1890, no attempt was made to use the electric lighting
of cars commercially. At this time several of the railfoads, becoming
interésted in the subject, and desiring to investigate its merits
as an improvement over the lighting systems at that time, took up
the question, and more as an experiment than anything else, sgquipped
several of their best tralns with a system of electric lights.

The Inter Colonial R. W. Co. of Canada was among the
first to adopt a system of electric car lighting. In 1890, they
equipped forty cars for electric lighting, using ten candle power lamps
supplied with current from a large storage battery. The battery was
designed for a run of five hundred miles, at the terminals of which
were losated charging stations. The distribution of lights conslsted
of from eleven to twenty-two lights to the car. Connections were made

from car to car, completing the circuit throughout the car and the

storage battery. The new system of lighting was a success as far as

being an improvement over the old lamps Was concerned, but the

chances of failure of the battery were many. A storage battery in

itself, is a very uncertain piece of apparatus. It may fall at any

time without any apparent cause. This would be quite a serlous

1tk i 3 ile argi station.
matter, with a train several hundred miles from & charging stati

ource

The combination of the battery and the dynamo as a 8

of power fromcar lighting, was first adopted by the Pullman Co.

Their éystem consisted of an engine and generator gsituated in the

m wer station.
baggage car. The plan was simply that of a small power statlon
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{ of twenty-two accumulators

f]bi

The current was here generated for the whole train, a circuit being
run throughout. Arrangements were also made so that the exaust steam
from the driving engine, could be used for the heating of the cars.
This formed a very efficient means of lighting and heating but
involved the expense of an engineer for each train so equipped.

About the same time, The Chicago, Milwakee and St. Paul,
installed a system very similar to that of the Pullman Uompeny, with
the addition of & separate boiler, the function of which was to
supply the engine driving the generator, and furnish heat for the
entire train. As in other systems the generating was done in the
baggage car, a Westinghouse Automatic Engine driving a No. 4 Edison
Compound Dynamo.

All of the afore mentioned systems of car lighting, were
as an experiment, successful in accomplishing the results for which
they were installed but as a commercial and financial proposition,
they could not be accredited as such, on account of the heavy expense
of operating. The real commercial problem of car lighting was not solw
ved until a means was devised wherby the motive power for the genera+
tor was to be obtained from the axle of the car. This offered a
cheap source of power and as a result of which, several of the
railroads equipped thetiir best rains for electric lighting with the

following swystem. A generator was placed in the baggage car, attached

by means of a belt 4o the axle of the car. In the same car, a set

were paralleled with the dynamo, for the

purpose of supplying the lights when the train was not in motion. In

order to regulate the current, a governor was arranged so as to

cut down the current when the lamps were cut out of the circult,

and leave the batteries on charge with a normal current. The voltage
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regulation was obtained by means of a regulator, which allowed no per-
ceptible change in the brilliancy of the lights during the entire run.
The method of getting power from the axle proved to

be a success, not only as an experiment, but also as a commercial
and financial proposition. Immediately various manufacturing companiesg
commenced work, designing and manufacturing equipments, to be used
in the electric lighting of trains, all of the said equipments
having the common characteristic of using the car axle as the mothve
power.

‘-The Consolidated Railway Electric Lighting and Equipment
Company is today manufacturing an equipment which, having been
ingtalled on the traims of various prominent railroads throughout
fhe United States, 1s giving excellent results. The proof of this
statement is verified by the fact that where the Consolidated has

been given a fair trial, it has, upon its own merits, taken the

place of other equipments. The chief advantage of the Consolidated

over other systems is not only in the fact that it glves almost
perfect regulation, but also because of the small amount of care

and attention which is required to keep the machinery in working
order., This is due largely to the protection that is given to the
delioéte parts of the machine. The regulator, the sensitive
mechanisms of which govern the entire lighting system, 1s located

in the car, which insures it against accidents which might occur,
were it located under the car. This position of the regulator admits
of a close inspection at any time, by any employee of the company
and in case of trouble he can continue his work while the train is

in motion and thus prevent a delay of the train.
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THE CONSOLIDATED SYSTEM.

§ The Consolidated System uses as its source of power, the

car axle, the function of which is to drive a low voltage generator,

sugpended from the trucks under the car. This generator is connected

in parallel with a storage battery and the lighting circuit of the car|
With the tralin in motion, the generator, belted to the axle, furnishes|
a current of 30 volts pressure, to be used in lighting the car and
charging the storage battery. Since the speed of the train, and
consequently the voltage of the generator, is very irregular, means
are provided to furnish the lamps continuously with a current of
constant pressure. This is accomplished by a switch, which automatic:
ly cuts in and out of the circult, the generator, when it falls to

generate the normal voltage required for the lighting of the trainm.

When the ear is at rest, the power for the lights is furnished by
a storage battery of sixteen cells, installed in a box under the
car. This battery is of sufficient cwnaolty to take care of the
lights for twenty-four hours continuous run. As soon as the train
starts, the battery continues to carry the load until the car axle

has attained sufficient speed to cause the generator to build up to

normal voltage. When this conditions has been reached, the automatic

switch completes the main circuit and the generator furnishes light

for the train and at the same itime charges the storage battery which

is connected in parallel with the lamps.By this means the railway

car is lighted continuously at a constant voltage, the regulation

of which varies only with the condition of the storage battery at

the time ot which the generator is thrown in or out of the circuit.
The generator used for the electric lighting of cars

‘lby the Consolidated system, is one designed especlally for this kind
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of work. The machine must be strongcenough to withstand unusual

|conditions, on account of its position on the trucks under the car, Rl

|which in all respects, is the best place possible. But at the same
| time the generator must be kept at a minimum in order to produce
| the best possible results. The fields themselves are protected by

|a heavy iron casing, the field poles being made up of laminated iron,

;Every detail of the machine is designed for durability. The entire
Emachine is encased i a dust prodf enclosure, the pulley shaft
éprotruding ffom the ends, and the machine terminals being brought

éup to a terminal block fastened to the encasement.

; Electrically, the machine is desigheddscmewnat different]y
Efrom the ordinary dynamo. Such a quality of iron is used in the
gmanufacture of these machines, that the saturation point is reached
at or about 40 volts. This enables the machine to be thrown into

the circuit when the speed of the train is sufficienct to cause it

to generate the required voltage, and with the aid of a little ;-

|
%
|
|
|
|
éregulation, the voltage of the lamps can be maintained at a constant
!pressure of about 30 volts. The dynamo is self excited and builds | Nﬂ
iup very readily from the residual magnetism in the fields.

i The generator is fitted with a pole changer, which

|

| controls the polarity of the machine when the direction of the

car is reversed.

The storage battery, while a secondary source of power,

is the important factor in this system of car lighting. It may be

'truthfully said that a storage battery in good working condition,

ls almost perfect in its performence of dubky, but a poor battery 1is

absolutely worthless. The storage battery requires more attention

and care than any other part of the equipment, yet when this care




and attention is given, the battery is dhe source of very little

trouble. The storage battery used with the Type 'A' equipment,

£

| consists of sixteen cells, each furnishing a pressure of two or more

| volts, owing to the condition of the charge. This system gives a work-

| ing pressure of from 30 to %5 volts to the lamps when the car is not

| in motion.The battery when it is installed in the car is fully

| charged and capable of furnishing power for the lights for twenty

| hours continuous run. However the battery 1ls rarely called upon to

| furnish pbower for that length of time without being recharged. Only

| under the most urgent conditions, should the battery ever be allowed

| to be come over-discharged. The average train on its run, has no

;layovsrs, other than the short stop at stations. During the day run

| the battery is completely charged byl the dynamo. At night, the power

| for the lights is furnished alternately by the battery and the

|

generator, owing to whether the car is in motdon or not. It is

éimpossible for the battery to become under-charged, unless for

| some unexpected reason the car is lald out on the track for a

longer time than the battery will hold up under charge. Lt is quite

a common case to have the batterys over-charged, but this is not

| considered a very serious matter. There are various things that

el
l

will have injurious effects upon a storage battery. The battery

| may be injured if too rapidyy discharged. There is 110 danger from

this source in the Gonsolidated system, for the load on the battery

is constant. Then the battery may be charged too rapidly, but this is

guarded against by the design of the generator, which Will not

ateg (c] f > greas-
generater more than 35 or 40 volts under the fastest gpeed. The gread

est evil to be guarded against and the one which is most common 1n

the care of storage batteries, is that of neglect. A battery should

be cared for and looked after at regular intervals of time. With the




proper precautions, a storage battery may be kept in the best of
conditiony, the life of the average cells being from ten to twelve
years. The storage battery as used in connection with car lighting,
operates under the best conditions. The secret of keeping a storage
battery in good condition is to use it. When a set of cells is
installed under a car, to be used in lighting a train, it is used
continually; charging and discharging in accordance with the throw
of the automatic switch. Inspectors who have charge of the battery
equipments, réport that they have very little trouble with cells
sulphating, due undoubtedly to the extra precautions taken to keep
the cells in the best condition. The storage battery itself is not
an efficlentimeans of furnishing lights for a train, but combined
with the axle driven generator, such as is employed by the
Consolidated Compeny, it makes the Axle Light syseém of car lighting
an« undoubted success.

REGULATION
RRRARRRARARARRARRARARRARARAR

The real problem of car lighting is embodied in the one
word, regulation. There has been no trouble in finding Wéys to
produce power for train lighting, but a vast amount of time and mongy
has been spent. in studying how to regulate this power to give a
6onétant voltage at the lamps. The Consolidated Type 'A' regulator
is one of the results. Its regulation is such that it allows no
perceptible change in the brilliancy of the lights throughout an
entire run, the voltage only varying from one to two volts on either
side of the normal value. The electrical circuits and connections

of this regulator, with an outline of the generator and battery, are

shown on plate (1). To understand the operation of the regulator,
let us follow through the complete run from the time the traln

_lres M
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starts from rest until the next stop is made. As long as the generadon
fails to furnish the required voltage, say 30 volts, the lamps are

burning on the storage battery; the current passing out from the

positive terminal, as marked on the plate, up to the regulator termi-

nal No. 2, through No. 1 to the lamps and back to the negative
terminal of the battery. As the train comes up to speed and the
generator voltage increases, the pull upon the magnet S' becomes
stronger: and stronger until the pull, which is proportional to the
voltage, over-ballances the spring which holds the switch (A), the
main circuit through the generator being completed through the
switch. Under these conditions, the current from the -generator is
supplying the lighting circuit and also charging the battery.
Tracing the chircuit out with the generator in the line, the current
leaves the positive brush of the generator and passes through the
pole changer up to the dynamo terminal block. From here it goes to
the main fuse, the field current dividing, passes through the small
fuse to the field rheostat (R). A portion of this field current

is used to run the small motor (M) and unites with the main field
current at (6), passes through the regulator terminal (3) to the
fields of the generator (F) and finally back to the negative bruchk
of the generator through the pole changer. Another circuit in par-

allel with the last one, furnishes current for charging the storage

battery. This circuit branches off fpom the main at the terminal (2),

passes to the positive termimml of the battery, through the battery

and united with the main circult again at (). As long as the train

can keep up speed so that the generator can furnish the required

voltage, this circuit is in use, but as the train slows down, the

pull wpon the magnets(S*') becomes 8O wosk that the switch opens end




the lights are again thrown upon the battery circuit alone.

The large solenoid (S) is in the main generator circuit
and is affected by any change of voltage from the latter. Attached
to the core of the solenolid, is a system of levers and cams which
govern the direction amd movement of the rheostat (R?. As long as
the voltage is constant at its normal wvalue, the core of the solenod
gtrikes a ballance which allows no movement of the field rheostat.
It the train'speedSup and the voltage rises, the current through the
solenoid is increased and allows the rheostat to be moved, the motor
(M) furnishing thenecessary power. The action of the rheostat
continues until the resistance cut into the fileld reduces the
voltage to its normal value. The two magnets of the automatic
switech (S'), the upper and lower, are differentially wound, so that
opposite péles are set up against one another, the repelling force
of one being accompanied by an attracting force of the other. The
resistance (R) in the main circuit is used to control the lamp volte
age. This resistance is also operated by the solenoid (8).

One objection to the Consolldated Type tA' regulator, is
its complexity. With more or loss delicate mechanisms, of which the
regulator is made up, the chances for disorders to occur, arec many.-
The motor used to furnish power for running the rheostats is espec-
ially objectionable. The motor is always in motion so long &s there
is enough current generated in the field to furnish it with power.

A more simple method of furnishing power for the vBecesnt wORld, 5
the authors mind, be a decided adventage @n reducing the compiexity

of the regulator. In some cases Where this regulator is used, the

lamp resistance (R') is not connected, an equivalent being inserted

in the ciréuit under the car. Results have proven that the regulatlon

is very little affected by this change.

170
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The first equipments which the Consolidated Company

put
out were of the type just described, the type 'A' regulator and genem é
rator. However as soon as anumber of the railreeds began to equip
their cars for electric lighting, there immediately arose a demand

for a generator which could furnish more light and closer regulation
than those first installed. The type 'A' equipment could hardly be
improved on for installations, where from 40 to 50 lights were to

be used in the circuit, but the demand for more light, and consequentl%
more lamps, called for a proportional increase in the size and capacity
of the generator. The Increase in capacity furthermore called for finer
and closer regulation and as a result of this demeand, the Type 'D'
generator and the Kennedy regulator were designed.

The type 'D! generator embodies all the advantages of the
type 'A' and in addition is designed for a larger capacity, generating|
its maximum current at the same speed as the type 'A', without exceg-
give heating. The machine itself is made stronger and more durable
than the other type and many of its conducting parts are made larger
in order to carry the heavier current. The weight hewever has been
kept at & minimum, the increases over the type 'A' , being Oomparkﬁivef
1y small. Tho pole changer of the Kemnedy regulator is made automatic
and with the exception of being larger in order to carry the heavy
current, is the same as that used on the type 1A', The type 'D'
generator is designed for both 30 and 60 volts, the capacity of the
first being 90 amperes and the second 45. This generator is especlally
adapted for cars where the number of lights excved 50.

. Kenned
In connection with the type D! generator, the Kennedy

regulator d@hould be used. The electric circuits and connectiomsg Of

this regulator are shown on plate (2). In place of the golenold
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being used to regulate the voltage and current, electro-magnets are
used in the Kennedy regulator. Refefing to the details of plate (2),
(D) represents the generator and (F) its field magnets; (M) is a
motor, supplying power to run the two rheostats 4R) and (R') . (8) is
the storage battery charged by the generator. The differentially woundi

electro-magnet (AS) operates, automatically, the switch which opens

and closes. the main circuit of the genrator. (R) is a rheostat in the

L

lamp circuit and (R') a rheostat in the field magnet circuit of the g
‘dynamo. The switch (SW) oontrois the lamp circuit. The two electro-
magnets (B) and (0!') control the movement of the two rheostats, allow-
ing movement only when a change in the current or voltage demands it. |
The function of the differential winding on the magnet (E') is to
govern the geperator output. This_winding is in series with the lamp
circuit, so that all the current supplied to the lamps, passes through |
it. During the day run, the current generated must not exceed the
maximum charging capaclity ofithe battery, and When the lamps are burn- |
ing, the genrator should supply enourh current to run the lamps and
charge the storage battery at the same time. When the lamps are turnddf
on, all the current supplied to the lemps passes through this differ-
ential winding and serves to neutralize to a certain extent, the main
current from the generator. Under these conditions, a larger current
is required to over come the action of the spring of the magnets and
hence & closer regulation is obtalned.

The type 'D' equipment is especially recomended for use
on dining, private, business, sleeping and maill cars, where the

mmhe “1{:‘ J
service consists of sll or nearly all night runs. The WA E EAT RS

feature of this equipment, is its close regulation. The Consolidated

Gompeny claims that with the Kennedy regulator, the voltage cen be
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controled within a range of one volt, or in other words, the candle
power of the lamps is maintained constant under all conditions,

whether the current is supplied from the generator or the battery.

The following test of a Consolidated Type 'A' equipment,
was made on the Santa Fe, the test consisting of an all night run on
Train No. 17, from Argentine to Arkansas City, Kansas. Instruments
were so connected that at any instant, the speed, current, generator
voltage, battery voltage and lamp voltage could be observed. The
principle feature of the test being an accurate means of reading the
speed of the train at any moment;, it may be well to describe the
instruments and methods used.

Apparatus: -

Weston Magnetic Tachometer and Milli-voltmedéer #38
Weston Voltmeter #15931.
Weston Vol tmeter #13520.
Weston Ammeter  320508.

The Weston Magnetic Tachometer, one of the most accurate
instruments for obtaining the speed of a shaft ot pulley, consists of
a small generator, designed especially for use as a speed indicator.
Since the output of any dynamo electric machine, is approximately

proportional to the speed, it is possible to calibrate & milli-volt-

meter, placed acroes its terminald, to read the apeed atopnich the

armature and shaft revolve. The Weston Tachometer is so designed that

e » fan <13 54% - T4 thes Q()ndi{}if')n?f
the hystersis loss of the machine is negligible. With these

the voltage output of the gachometor, ls directly proportional 4o

the speed at which it revolves.




The usual method of calibrating the tachometer to read

revolutions per minute, 15 to belt itcto«thé machine, the speed o

i

which i8 to be determined, and connect its terminals to a milli-volt-
meter in series with enoggh resistance, to give readings on the scale
up to the rated speed of the machine. When the machine has attained a
constant speed, the R.P.M. 1s taken with a speed counter and stop
watch, the average reading of the milli-voltmeter being noted. By
repeating this operation several times, an accurate constant can

'l

be determined, by which, if the reading of the milli-voltmeter is

Hy

determined. Bafore the test

[¢}]

multiplied, the speed of the R.P.M. can b
the tmchometer was calibrated in this manner, the machine to which it

was belted, being supplied with a current from a 110 volt s

the greatest care was taken to insure accurate results. All instrumen
were accurately tested and calibrated by means Ol the Potent

and Electro-static Voltmeter.

In order that the speed of the train, in miles per hour,

could be read on the tachometer, certaln dimensions had to be taxen

into account, vis., the size of car axleland the diameter ol tne

+ ~

car wheel. The generating element of the tachometer, was completely

enclosed, with the exception of the shaft and pulley, in Orce: he

: PR T inders etc.. Thus encaséd
keop out the dust and protect it from flying cinders ot A i ’

. : . -1 rucks between the
it was securely fastened to the gand board on the trucks betweel

wheels, and its pulley belted to the car axle, the diameter of which

e - ug p from its
was carcfully calipered, Smell 1eads were brought up 1ro

to the milli'—VOl :’)met@r‘, placed in the car near the I‘eglllabor' DOX.
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All other lnstruments were placed to the best advantage in the car so
that the readings could be taken simultaneously. The ammeter was
placed in the circult in series with the fuse block. The voltage of i
the generator, battery and lamps wasetaken across their respective |
terminals at the lower part of the regulator.
With the diameter of the pulley with which the tachometer
was first calibrated, the diameter of the car axle and the circumfer-
ence of the wheel, another curve was platted with the speed in miles
per hour as ordinates and tachometer readings as absclssas. By means i
of this curve, all readings on the milli-voltmeber, can be transposed
to the speed of the train in miles pr.hour . This curve is shown
on plate(®BV). The calculations made in determining this curve are as
follows.

Diameter of pulley, with which first calibration

was made = 3.5"

Diameter of Car Axle = 5.125"

Constant of Tachometer for 3.5" pulley = 8.22

Circumference of Car Wheel = 117"

Since the speed is in direct proportion to the diameter

of the belted pulleys, then the tachometer constant: will be in
inverse proportion, and we have,
8.22 + ¥ :: 5,125 ¢ 3.5
or X = 5.6, tachometer constant for the car axle of 5.125" |

Assuming a reading of 60 on the tachometer indicator, the

R.P.M. indicated would be,
60 x 5.6 = 3360 R.P.M. or 201600 rev. per hour.

3 g 1 ar wn
Since the diameter of the car wheel 1s 117", the car wheel

there fore the mamber of

and axle will revolve 441 times each mile, ‘
i tachometer at 60 1s

miles per hour indicated by the reading of the




o6

s

= — =
—— = - -

74

WO I 7
SONIOVIE] TTLZ7

or
0# og oy

oc

o9

774

o7

og

ER I A

or

HNOLS & T

Q‘h..




201600
—===-==== = 37.2 miles per hour.
441 ;
: 37 .2
The ratio of =—=--- » 18 a constant, by which if the
60

readings of the tachometer be multiplied, the speed of the train

indicated will be in miles per hour. Plate (IV) shows this ratio as

plotted with tachometer readins as abscissas and speed in miles per
hour as ordinates.
The first readings of the test were taken after leaving

Holliday. During the first half hour of the test, readins were taken

being given at stations, where the speed variation was at a maximum

-~

and the car was finally brought to a stand still. Special note was
made of the battery voltage, after the car had stodd for several min-

utes, the lights operating from the storage battery alone. The action

speed befors coming to a stop, and speclal observations were made upon
the voltage and spped relations. The voltage regulation of the lamps
was indicated by a voltmeter placed across the lamp circuit.

The completerresult of the test is approximately shown by

the curves on plates (v_a,b,ando). These readings are approximate, 1n

that the points show only the condition of the system at the time

when the readimgs were taken, no account being had of the variations

that tookrplace between readings. However, special efforts were made

: 43 ; . The fiwe
to take readings when over a change of conditions were noted. The 1

s g + 4 o f the
curves as plotted show the general conditions and actions 0Ol UAG

. = 3 1 i +x i a i
different parts of the system. There 18 & marized simllarity in all of

- 3 it spe begén to
the curves. As the train approaches & station and the speed gert

776

on all instruments at intervals of about two minutes, careful attention

of the automatic switch was observed as the car gradually decreased kts




REGULATION TEST
THE CONSOLIDATED EQUIPHENT. TYPLE *A!
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# Data talken

% "

"

" "

41

1 "

at the instant the sutomatic switch

went off

in;
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vine  spoed Gen. vol V5 ‘Bt Y. . dmpores - Bemewka |
18502 A, 18 20 50 o |
12:10 49 54,5 31 55,5

12:156 37 4. 31.5 27 . Out of Grover |
12:18 44,5 54 .. Hleb 26,
12:20 25 34. 31.5 25,
12:25 47 . 54, .31.5 95.5

12:25 4345 34 o 31.5 26.5
12:56 33.5 7340 530] 28.
12:56 55.5 5.8 31.5 27 . Out of Topeka.
12:57 29, 32.5 31.5 °8.
12:869 29, 33.5 5] 28,

1:00 259 SHESE 30 . 18.

1:01 25.5 ot 350 164

1:03 34, 335.5 31 26,

1:09 36, 33. 510 2l Out of Pauline
1:10 57 .5 B335 214D 26.

45 1.6 41.5 33. 61eh 27

s 1l 44,5 533 ¢ 31«5 Db,

ikl 48.5 5345 510 25,

1L 5 02, SO Bilini® 26,

1313 52 35. 31.5 20

1:14 52.5 53,5 51,5 27

1:19 or 32. 31.5 22,5 Out of Wakarusa

oy Night Switch On.

1:25 24 5 31. 50 .5 17.5

1330 24, 30 R9.5 12.5

1:35 21,5 29, 28. 240
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Tinme Speed Gen. Volts Bat. Volts ‘M_Eﬁée;eéﬂizzzézzz;;::::
- S N L L N L S L S N N R S S RSN I oINS = t’—— ,,.___,,__,_[_.____. _U\; o

1:50 44.5 Zae s 33 26 i |

0d
o7

2:00 46.5 36 5%.5
2:03 44 .5 36 34 26
2:18 57 .5 86 .5 34 : 27 Out of Osage C. |
2:20 B 36 34.5 26

2:23 40 . 56 34,8 26.95

4
2:48 5O. 36 . 34,5 26

2:55 20 35, 5345 28

2:59 %6 . 36.5 5548 26,5 Out of Emporia

3320 40.5 58 B4 26
5:40 36 . 36 34 28 Out of Strong C.

3¢ 60 28. 36 - B 26.9

5:58 33%.5 20 25 Tachometer belt |
broke. No data |

5:59 2% .5 : 31 26 for speed taken
after this.

6:01 3% .5 2.5 26
6:08 1z . 30 .5 26

25 Lipghts ot
Batteries charg- |
6:18 Gl 56D 26 ing.

2640

26

26 Out of Mulvane

Complete time of test 7hours-50 min.
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to decrease, the generator voltage also lowered proportionally. The

battery voltage decreasedslightly, due to the lowering of the charging |

current. The generator current remains almost constant at its predeter-%
mined value until the generator is switched out of the circuit. The
strength of the current is kept up by the action of the rheosgat |
which cuts resistance out of the circuit.When the speed of the car |
has decreased to such an extent that the current generated is no longer%
sufficient to ballance the spring of the automatic switch, the main 1
circuit is broken and the light circuit is thrown on the battery
alone.  The battery voltage drops slightly when the lights are thrown
upon it but soon attains a constant value at about 30 volts, depending |
upon the. condition of the charge.

The lamp regulation of this equipment was found to be
especially good, the regulation however, depending somewhat upon the

condltion of the battery. At no time was the voltage of the lamps fonnd|
|

to vary more than two volts on either side of the normal value and
this, producing no visible effects upon the lighta. With the train
running at normal speed, the voltage would remain constant at 31.5
volts, As the speed commenced to decrease, the voltage would gradually
drop to about 30 volts and after a étop of two minutes, the voltage

dropped as low as 28 volts. If this drop had been sudden, the effect

would have been noticible, but with the gradual decrease, this was

hot the case. Conditions could prevail when the regulation would not

: s ¥
be so good. For instance, if the battery ! ad been discharged to such

an extent that there was & drop of 4 or 9 volts when the lights were

thrown on the battery, a dimming of the lamps would probably ocourj

@lso if the spring of the switch were 80 adjusted that the gemorator |

Should be thrown out of the circuit when gemerating more than tho
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normal voltage, there would be a drop that would probably cause a
change in the brilliancy of the lights. However the chance for
over- discharge is small, and on the regular trains that are in
constant serwice, the batteries are generally in an over-charged
condition. While the overcharging of a battery does it no good, the
injury does not seem to warrent the adding of additional equipment
to prevent 1t.

During part of the test run, only a portion of the lights
were allowed to burn, resistance beiﬁg throvwrr in the circult by
means of a night switch, to compensate for the lights not burning. On
plate (Vb), the battery voltage is shown to have run down to &8
volts. At this time the train was some fifteen miles out of Topeka
and ascending a steep grade. The speed of the train was not sufficient
to generate enough current to supply the lights, and the storage
battery was the sole source of power. Immediately upon the increase
of speed, the generator went into the circuit at about a speed of 18
miles per hour and the battery charging from the dynamo soon acquirdd
its'normal voltage.

Throughout the rest of the trip, the train maintained its

0 1 Y ol +thea  ryY e
speed at about 45 miles per hour between stations. Under uhese condi

tions the battepy voltage remained constant at about 32 volts, a

8light drop occuring when the generator was cut out of the circuit
at stations.

The speed of the train was noted regularly until after

leaving Strong City, the belt from the tachometer to the axle,

i ace it. Afterleaving
having broken and no chance being had to replace 1t. ALLOILO &

rere cut
Newton, the service of the lamps were no longer needed and wer

g, 1l : of the
8ut of the circuit. For the next two hours, the voltage . f ‘ |
attery was noted, the entire current from the dynamo belng used in .




s SR e A St - !_l: %a‘

charging it. At the end of this time, the drop over the battery was

n

taken and found to be 35.5 volts, a marked increase over the reading

[¢

taken during the night.

The voltage regulation depends largely upon the adjustment
of the speing attached to the automatic switch, such that when the
generator voltage is the same as that of the storage battery, the
action of the switch will occur. If any other condition exists, thepe
will be a drop in the lamp voltage as the circult is made or broken.
At differsnt times throughout the test, data were taken of the speed
and generator voltage, thus showing the meagnetizing effect and the
relation of thé output to the speed of the dynamo. Plates Vel VIET . VL
are the results of the observations, taken at different times as the
speed of the train .decreased; came to a stop and then regained its
gpeed. The three curves show practically the same results, due allom-
ange being made for the personal errors made in the reading of the
instruments.

Taking up a discussion of the curve on plate (VI), we will
see the relation between the voltage generated and the corresponding

speed. As the car begins to move, the machine biiilds up very slowly

el

m, =

5 s > = Pd o

and at a speed of 18 miles per hour 18 generating about 5 volfts. 1his
£ 0] ra g 16t

gradual bending of the curve and amall increase of voltage 18 due tb

; igrmased 1 in overcoming
the fact that most of the power generated, ilsmsed up in ) 1

i i er words. is used up in magnetiza-
the losses of the machine or in other words, is used up i z

tion., At a speed of 2p miles per hour, these counter

i i ises t ue of 30 volts
been overcome znd the voltage immedlately rises to a value ol 9

i is anied b} gradual
From this point, an increase in speed 18 accompanied by a gradu
i | %4 volts have baen
lncrease of voltage until a congtant value of about 34 vol
j t 1~mad $1 pe
. i “ urate 16 denslity O
reached. In this conditiomn, is gaid to be sgtarwgidénzzé éo:iLJg
the iron has become so great that any increase 0l 8pe

23
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SPEED AND VOLTAGE RELATIONS
PLATE VI

VOLTAGE
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produce a corresponding increase in the voltage. This shows the

peculuarity in the design of the machine. Thses conditions must

gxist in order that the battery will not be injured with a charge of
more than its rated value. During the entire test, the generator did i
not reached a voltage higher than 38. and at this time the train was
running at 59 miles per hour. As the train decreased its speed, the
voltage gradually decreased. There was no abrupt changes in the
voltage as the spedd decreased, due to the residual magnetism left
in the fields of the generator. This is a common characteristic of
all clectric machines. With the machine running under full voltage,
the iron béoomes so saturated that when the magnetizing current is
diminished and finally no longer exists, there remains in the iron
the residual magnetism, which for a timeholds upﬂphe voltage of the
machine. At the same speed, where the voltage Waélzbapon bulilding
-up,now due to the residual magnetism, has a valus of 25 volts. The
curves on plate VII and VIII are similar to the one just discuséad,
the voltage rising almost immediately upon the start to 15 volts |
end at a spced of 18 milcs per hour, rising to a voltage of 30 volts
as before. The generator is never called upon for power until it
heas built up to that part of the curve where the voltage remains
practically constnt for all speeds.

A number of reasdingswere taken when the automatic switch
broke and opened the circuit of the generator. As the train increasédj
its speed, the switch threw the genersator into the circult at an

average value of 22.3 miles per hour. This is the average reading taxf

8n from & number of tials. As the train slowed down, the actlon of

the switch was retarded due to the residual magnetiamiholding up

the generator voltage. The average reading of the speed at which the

switch broke the circuit, was about 18 miles per hour.




The following data shows the condition of the storage
battery at different intervals of the test. The readings were taken

after the car had come to rest and the generator was out of the

circuit.

Time Voltage
11:24 P.M, 29.5
11:40 29.5
11:51 ¥29.5
12:565 A.M. 29.

33840 32.5

4315 33,
14345 32.

5:10 30

5:35 29.5

6250 =9

7330 32.5

55 S0 30 020 20 S0 30 S S 1 S0 3 20 38 30 18 15 S0 0B S0 8 SR SR R SR 020 B SRS SR AR AL SR

The low voltage of the battery at the start, is due to
lights having been burning on the battery alone for some time
before leaving the Union Depot at Kensas City. Up until 1 P.4., the
battery had no chance to regain its voltage By charging, on account

of the several stope botween Kansas City end Topekta. After leaving

Topeka, no long stops were made until Osage City was reached at RIS

The battery voltage by that time had raised a little and between
Osage COity and Emporia, the battery charged up to ite mommal

value of 32 volts. It reached its maximum of 33 volts at 4316

after a long stretch of continuous running at good speed. Wilth a

mumber of stops, including thirty mimutes at Newton, the ikt

agained droppdd to 29 volts. When the 1ights were switched off

in the morning, the full current of the generator Was waoc. 1

17 I




charging the battery and the voltage  again came up to 32.8. !
This test shows the éomplete cycle of the battery in its
night run. Unless for some unexpected reason, the car makes a long
stop, there is no danger of the battery becoming over-discharged, fnri
as-soon ag the car attains sufficient speed, the battery is reohargedi
from the generator. On the average run, this operation of charging
and discharging goes on continually, and the battery is thus kept
in good condition, and at all times supplying when necessary, a

current of constant voltage.

DOUBLE EQUIPMENT.

A double or combined equipment, consisting of the type 'A'|
and type 'D! generators and regulators, is found to be advantageous
on some-cars, where continuous service is called for while the car
is not in motion. At times, mail and dining cars are side tracked
for as long as six hours during the night, and during this time the
storage battery is called upon to furnish the required current. An
equipment of this kind insures against any posibility of light fallmre
and eliminates the-use of an suxillary light. In equipments of this
kind, the two types of generators are used with their respective
regulators. The type 'A! regulator simply controls the current of
its generator, while the Kennedy regulator regul ates both the

current output and the voltage of the lights. Each generator is

driven by *a separate axle and their regulators placed at opposite

" ends of the cars. In case one of the equipments fails, ¢ither of the |

machines are so designed that they can carry the full load for &

limited time.

198
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LIGHT DISTRIBUTION.

Pt fome- S et~ s e e it

Thﬁ electric lighting of rellway cars affords a means of
distribution which excell that of any other lighting system. With
the one exception, that of thorough': insulation of the circuit wire
from wood and other inflamable material, no precautions need be taken 1
in the distribution of the light. In the chalr cars, the lamps are
placed on each side of the car above the seats and in this wap the
entire car is evenly lighted. In the parlor, dining and other speciil
cars, the lamps are clustered, the number depending upon the brillianwi
cy of the light required. No other light in use today is so adapted
to the use in railway cars as the incadescent. It may be placed any-
where that wires can be run, and the entire current controlled by
a single switch. The circuit wires are all concealed in the moulding
of the cars, the terminals being brought to a switchboard installad.
in a suitable and convenient place. The lights are divided into . two
circuits. One circuit includes all the lights in the car and Is
controlled by the main switch. A second circuit 1s completer through
a night switch and resistance, this circuit including only a part
of the lights, the resistance being placed in the circuit to compen-
sate for the lamps not burning. Where it is desired there is practi-

cally no limit to which the lighting system may be elaborated.

EFFICIENCY OF SYSTEM

— e e e o e e e T o i o e e ot et =k ot e b

The efficiency of the system or the cost of operating

electrically lighted cars 1is a question still under discussion among

car lighting officiels. The first cost and the extra expense due to

|
counted for but as to the actual !

necessary to light a ra ilway cnr,l

l

inspection and depreciation can be ac
data in regard to the cost of power,




no definite results have been obtained. The power output of the
generator may be calculated, and knowing the efficiency of the genera-
tor, the axXle power necessary to drive it could be obtained. But this

does not necessarily involve an extra expense in the operation

of the train. Train operators have acknowledged that they can detect

| no increased consumption in the amount of coal, where axle light

equipments have been installed. This apparent absutdity is explained
when it 1s remembered that the average locomotive has a capaclity of
about 1000 horse-power. Tests show that the average lighting equipment

for each car uses about two horse-power, tho total power consumed by

the lights, being about one-~tenth of one per-cent of the total

| power generated by the locomotive. Taking into account the enormous

the

loss with which every traln operates, it is rocadi

in car lighting, cannot be detected. The results

o

additional loss use

obtained by companies using the Consolidated system, show that the

expense is limited to interest, depreciation, renewals and inspection,

and that the total cost of operating is less than that of any oil

or gas system, furnishing one half the candle-powers.
& ¥ s I hing




