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clTects.

In all probability, electricity is not a
it possesses only tw
material substances,

ticity ; it does not possess

other physical properties of matter.
Electrical acicnco is founded up.m thecllects Up'"™'-'^

the action of certain forces upon matter, and a^l^ vUOc\ ec
of the science is deduced from these effects, i he stuc) 0

the fundamental principles of electricity is an analysis of a
scries of e.xperiments, and the classification of the results m
each particular case under general laws and rules. It is not
necessary to keep in mind any hypothesis of the e.xact nature
of electricity; its eft'ects, and the laws which govern them,

form of matter, for
in common with

physical properties
ndcstructibility and clas-

extension^ or any of the
namely, i

1 zocight,

I
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(J8-I-/ electric lighting.
I

through the tube i.

by means of si.xteen contact rings </, enclosed witliin a box c,

and making flexible contact with the carbon,
gloljcg'- surrounds the carbons, and i

Current is conducted to the carbon

The inner

IS supported by the arm

yoke/i The outer globe fits over the plate h at the bot

tom, and is secured at the top by a circular nut at /, the joint

being packed by means of asbestos gaskets. The space im
mediately above h and below the inner globe is intended f(U‘

the^rheostat—a nece.ssary adjunct to all enclosed arc lamps.
1 he enclosed arc requires carbons of e.xceptitjnal purity,

in oulei to prevent the formation of deposits upon the inner

globe. The especial feature of these lamps is, however, the

use of a high potential, usually about 80 volts, between the
carbons, the remainder of the E. M. F. of the circuit being
taken up by the resistance of the
rheostat.

oi

ELECTRIC

MOTOR CARS ANO 1 street
io motor to

the electric -
of car propi'

railway work has provided a mea’i
from its peculiar adaptability various me
likely to supersede all othei sys ei - are the ° °
of applying^lectricity to street-cm uact^^ , e
ing; Those using Aching devices m conne
employing electromagnetic .pso t and a
with subsurface conductois, condu ‘ ^
closed conduit system ; those la^^ an
trolley connection beneath the ^ , conductor and
third rail, and those with an oveihea

Ision which,
met with, is

-thods

ot
The application2514.
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railways.electric
electric railways. . 1 . inches square, the alter-

a number of load plates, l-I <u thus luakiug two
nate plates being firmly jomec togc ^,-c the nega-
sets, as shown in Fig. 'W7, where - , ^ i-espectivdy,

and r, I\ etc., the positive, plu ’’j tion is made to
„u-s 7-and T\ by ^ contact,

the other cells, a bolt C being U wooden sup-
The plates are placed in the jai /, (usually bodei in

of the jar without

horses, provided that the
instance.

track is well laid in the first
There are also no overhead wdres to kee[) in

lepaii or present obstruction or danger, and, furthermore,
eveiy cai is self-contained and independent of all others.
vSeveral disad

five,
to the cross¬

vantages may be enumerated against this

1 more than counteract these decidedly favor-
riie batteries, being composed of lead plates,

require a large proportion of the
energy for their

method tvhich

able points.
port consisting
paraffin) of triangular section,
such a height that any

e.xposed surfaces may rest m the )
touching the plates and iheieby s lO

are very heavy and
available

transportation. The w-eight
necessary is about lUO pounds per horsepoever jicr hour with

oidinaiy speeds and grades; but provision must be made
tor cases of emergency, and,
so that it has been found
for each

the battery.ircuitiug

usually, for some heavy grades,

necessary in practice to provide
car a battery -weighing 3,000 or 4,000 pounds,

iis deadweight is a serious objection; but worse yet is

t le fact that deterioration is extremely rapid, the cells hav-

mg a life of only one year or less. Sudden discharging has

a detiimental effect, and, in consequence, smaller motors

must be used than cvould be installed on an ordinary car

having an external source of power,
of course, that high speeds
rapid acceleration at st:
cable, and their

localities where such

C T

L

A Ln TT
F■xl

rr

N- 17

n p
nTT

N- JP
n

N-It follows, as a matter

with storage-batter}^ cars, or

■w

P
TL J

N- 31
s

sirting, are not commercially practi-
use is more or less restricted to those

J

tJJrjj the
. , ubmergeh to

When in position, the plates pi‘0P^''^'°'V'ites'fr«"'
level A A in dilute sulphunc acid, P^^p.rate
water being about / _.q]y the , the exact
touching each other, it m - ■ ^q-ited matem ,

them by blocks or ^t^^ f-m
arrangement vaiymg jg about ’ puired to
E. M. F. of an accumulate ^ . of cell ^ually
which may be calculateel the^^

>b ' ● battery cou-

requirements are not made.

2516. A street car

similar in outward
operated by storage batteries is very

appearance to an ordinary

motors are placed beneath the car floor, and the battery
under the seats. A convenient method of accomplishing
the removal of the batteries, when substituting charged
cells for those run down, is to have a long, swinging panel

on the side of the car, which will afford ready access to

the cells, or they may be placed on a long board and pas.sed
m through a hinged panel at the end.

Thecar.

motor.
operate a given ,,
about U)S in niiinbei, giving
Speed regulation is atfectcc

E.

d,nngi''S-

)ller on

It is usually neces
sary to provide two or three sets of accumulators for each

car, in order that the

Rally by
automatic

t,hc c;b' I -
datfon”acta

re may always be one set in readiness

make allowance for any cells wdiich may
or repair or renewal. liach cell is made up of

for use, and to

be laid aside f
means of a sped
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electromagnetic traction system em-
The buttons are

Another

so-called button

25 I S.

ploys the
crontact blocks placed between
which the current is taken by long s

EI.ECTROMAGXKTIC SYSTEMS.

2517. The cicctromajfnctic traction system is

one which provides an insulated conductor for the supply of
current, and in which a .series of automatic switches operated
by* the moving car make contact between successive sections

of an insulated rail and the conductor. By this means oidy

a short length of e.xposed conductor is at any time active,

and liability to accidents is thereby much decreased, the

insulation of the line being also considerably improved. A

diagram of this system is given in Fig. 978, where G is the
generator at the station, t the track, m the main con

ductor connected through the switches s, s, etc., with the

insulated sections r, r, r, etc., of the third, or middle, rail.

As the car passes over each section, it is connected to the

positive terminal of the generator, and the current Hows

nictbod.

or alongside the tracks, troni
:ured to

Hiding shoes sec
blocks are normally out ot

before the shoe
These contact

become

the car frame,

circuit, and only

reaches them, being cut out again diagram-
The l.v which “Ltionef the hhur.:

‘ ,sitive terminal
.S' on the

alive” jostL i

; the car passes.

matically in Fig. 979.
is the car

of which connection is made to one

car frame, and from the negative -

,● />’, from the p*carrving a battery of the shoes

terminal to the wheels

2D

— 		

-1_ track
t

r

s: TTHIT rC3LID.
● r7tl

499 Dr
— tracks

“1%
4 1

0

£1
Li-1

LsT] ~3
u iL

Fig. 078.

through the motors to the rails and so back to the station.

The switch is enclosed in a rectangular box located between

the middle rail and one of the track rails, and is provided

with a non-magnetic metal cover hermetically sealed to pre

vent water from entering. Directly under this cover and

connected to the switch lever are two armatures, which are

alternately attracted by magnets on the car, one at the

front and the other at the rear end, so that any section has

current in it only so long as the car is passing over it. For

collecting the current, a wheel or sliding shoe is used, a

sweeper of stiff bristles being placed in front to clear away

any obstruction. The magnets may be permanent ones of

steel or electro-magnets energized by a battery carried on
the car.

n

FIG. 979.

for the sake
one rail-kedrand r.: but

s running
The rails are mar

the wheels are shown ,
since all thesv

come from

and track,

of clearness

only.

on

●itches J, etc.
the battel y

the car by
On starting up the car,

, an initial current must
close the switches ne

in circuit.

arest to

This cur

in the
nsiderable
of the contact

^ - the con-
ired

are open

which will at once

ans of the electro-magnets m

pass through the motor M, as r
be used to propel the ca

■ent fail oi

■rent may
in which

clis-
me

shown in
,-er coi

some

rade tracK

, power 1
is able to

case it may

fances should the line

switches refuse to woik.

tact blocks may be entirely onii
and this the battery

curr

On a down-g
itted, as no

is requi-

supply-

except for starting,
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,f a cliving-l>eil, so that no
raised

d'lu; cover is in the form <

real

f ihr l)o.\.

file coiUacL l)lorks, wliicli an
amounts to little, I'vim

immersion in meltintt snow.

track,

water can j>ossil)ly
above tlu: bottom o

In this case an auxiliary switch is used to connect wires -7

and Jf, and the circuit from the battery is simply thnuiith
the motor and the rheostat A'.

which are-h the mattnets.

The etlective leaka-e from
■ held on insulated sup])orts,

mrst co.iditions _

Under the usual workiui^

conditions, current is taken from the

shown at the bottom of the fig
being already closed, the contact blocks c\. will be con
nected to the main.

ofmain conductor,

lire, and the switches
under the

There are, it will be seen, always two,
and, for a short space of time, three, switches closed. In the

position of the car shown in the figure, the current passes

through the switch r",,, and wire 1 to the contact block
thence through the shoe A and wire ,l to the rheostat A’.

The E. M. F. of the current from the mains is slightly
higher than the battery E. M. F., so that the current divides

at A, some being used to charge the battery, jiassing through
it to the ground, but the greater amount going through the

rheostat and motor to the second shoe .S',. From here it
will go round the uppe:
through wire 5 to the lower winding of z
G to the ground or rails,

left, it will be seen that the contact is alive before the

shoe reaches it, so that there is no interruption to the su[)-

ply of power; also, on leavingany contact block, i

T SVSTKM.Tin; C0M>1

I'he open c<

very extensive use,

very high as comp..

conductors are used, which are

in the up])er part of a channel or c
c

●stem has not been put into
●e of construction is

Two bare

mduit sys2520.

because the'expense

,,od with anyjdher system_
:ondiiit, built in the road-

- 77;.

■is;?.'; y m';i7*●y-

II
S'

■.SA
w-

r winding of the magnet of switch
and from there bv

i a ●CFa

inlH
V S'

c III

If the car is moving tou'ards the ' *

(
-

A
■f.

it »

‘M

to
there

no sparking, because there is already another path for the

When the car is moving in the other
direction, to the right, the contact block r, is connected to

the main as soon as the shoe S, touches c^, so that the car

will travel in either direction with equal facility. The con
tact blocks are placed in two rows at distances of eight
feet, and the car body will therefore project over all those

which are charged with current, and prevent possible injury
to persons or horses stepping upon the

as c'
3> i

IS

FIG. fSO-

current through c^.
k.

;il method of con-
: of circu-

als by the
way between the car rails. The
,struction is shown in Fig. b^O, ^1-
lar cross-section being held suppur
insulated clamps A Two tio c> contact vi-

attachcd to the car frame,

conductors, being themselves co'urc^^^ ,
leading to the motors, but insu a c maintained betvee
full working E. M. F. of 500 volts _is^
the conductors. There ij-essure is
wheels, but the principle of ''^.mghes deep by _
used. Tne conduit is about tn en ) five-eigbtb^’ .
inches wide, and the width of the

rs <r, a

interv-

■ted on a

ith the
Avires

IS the
frame c.m. ]■

2519. One of the chief advantages of such a system as
this is the high insulation which may be obtained, owing to
the fact that the whole of the active conductor is disconnected
from

the

service except at those points where a car is passing,
magnets z, r,, etc., are placed in pairs in water

tight boxes alongside one of the rails on the outside of the

The switch

lU



i(i;i3
]●: L ]●: C' T RIC RAILWAV S.ELECTRIC RAILWAYS.G92

The in- iis shown in Fig. fS2.
brought down at /, /

These

The yokes r arc spaced aboutthree-fourths of an inch,

four feet apart, and usually e.xtend under the rails <>n each
the moving contact pieces

sulated leads truin the controller are
I

of the shoes 5, x,.f and eac-h of them secured to oneside, as this tends to prevent slot closure or narrowing o

the space in which the trolley frame moves,

ductors are intended to preserve a straight line and are

heavy section (.V in. or f in. diameter), it is
provide e.xpansion joints about every 500 feet; these may

consist simply of a loop, a break in surface continuity being
avoided by a bridge riveted to one side. To afford protec-

f metal falling

Since the c<>n-

of

customarv to

[ )

□Q
Q□

O
iz: □ o □

tion to the conductors from water or pieces

into the conduit, the slot rails d have projecting lip^^;
connections lor

o
□:[ )

f □

( )
the conduit is also jirovided with sewer
drainage.

' ●

It

, I

2521. A successful conduit road has been established

at Washington, D. C., in which the details of construction
Go

GGc (

I/

V

IlLw-
<1>

q p.

til
7

fig. 'J81.

are somewhat different from the above, although the prin
ciples involved are similar. The conductor a. Fig. ‘.'SI, is
in section a T bar, supported by the projecting ilange be
hind, which is bolted to an adjustable clip b, held on

The shell </, into which the pin is cemented,
and covered with the

is shown

an m-

leaf● rails bysulating pin c.

is dropped into place from al)ove
plate

a section through a manhole.

the conductor
renew,.able, being held' , against

contact shoes arc

of the bolts b, b.

pressed outwards
springs a, a.

in place by means

are

TheOn the right-hand side of the figure
The framework carrying

e.
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:)f mois-

the woodtlu; rross-lics and crcosotcd to jircvciit ab^orpjoii^
C'roosolin”; consists in c.vpclliiv^ all airUoin

in vacuum chambers and iillini^ ihc pores " it i \;i
pound; tlu' insulation obtained is ^ei\ ^
eonlinuitv throu;ah the rail circuit is assi.in 'j

,vi,u-h arc rivcic.u,.u.c ‘''f
rails lo sii[>[)lcnicnl ihc nlllcrwi^c nmt.i' "
I.C alter,id l,r ll.c lisl.-,,later. Va.lcr the hca cf _

,rill l.e (ally ',' .,1
-h motor car, placed

2522. It is very necessary that the yokes should be
well designed and strong, to resist the jiressureof the earth
(which is packed down by heavy tratlic) and the tremendous
pressure in cold climates due to the freezing of the soil, with
its accompanying e.xpansion. Wrought iron, steel, and cast
iron have been employed for this purpose, the latter, per-

When yokes of light weight i
The cou¬

ture.

of

cop]K.‘r 1) ( )

ire
haps, being used the most,

put in, trouble is often occasioned by breakage,
duit may be lined with steel plates, or it may be constructed

metal

I'onstruction this subject
are two contact shoes and frames t<> eat

ifl-of concrete alone on the sides; in some cases the rSl-
yokes have been replaced by concrete, but the best practice
is to employ heavy castings ranging in weight from ●idc to
400 pounds or more, according to the depth of conduit and
the amount of wagon traffic e.vpected.

Ir. , :
r.

) i

lTHIi THIKO-If.Vin SYSTIIM.

®]
£Lft2523. This system, while not installed as yet, c.xcept in

a few instances, has a most promising future before it, and
seems to bid fair to become the only method which will be

ft>r interurban

■X‘

used to supply electric power to locomotives
or long-distance roads. In high-speed work it is advisable,
if not absolutely necessary, to employ as
ductor one which will not sag, but will present a smooth,

on the car may

itii

an active con-

Jstraight surface upon which the collectors
slide. This conductor is usually in the form of an additional
rail laid between or alongside the service rails upon which
the car wheels run. Some difficulty has been e.xperienced
or anticipated in regard to insulation, but it is found that
there is no trouble on this score when the E. 1\L F. does not

FIG. nsi.
be

the

:5:i feet apart, so that at road
omitted and the inertia of ^ is

When the width

there will be no break at al ^ -
links/, /, allowing some 'em ‘ ^ the rad, a
always ma'ntained a propei con a , stacked to
is supplied by means of a llexible cable a
nal /. The car is propc

12o horsepower, w
an hour.

be depeiKl
less than

exceed about 500 volts, which is the usual working pressure

on all electric railways.
On the Nantasket Beach and East Weymouth Road, the

third rail r. Fig. 083, is made in 30-foot lengths, and weighs
93 pounds to the yard,

of a flattened A, the downward projecting flanges giving the
requisite stiffness between supports,

these supports to each rail, one at the middle and one close
to each end; they are simply short, wooden posts a let into

siispcn

that there is

„d current
so

ihe termi-
each of
0 miles

In cross-section it is in the form motors,

-d of over 7
of two

it a spec
lied by means

hich will perniiThere are three of
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co„lrollin« ,„..d.ru„s,n on ll.c car plalform by .bca»s »'
a-hicl, .hCpccl of .ravel n.ay be “ i I c e
of the motors. I.tteritosetl i,t ibeeiremt tlm.ugh the ca, are

GOG ELECTRIC RAILWAYS.

2524. The advantages of the third-rail system arc tliat
the construction of the active conductor can be of a more

.solid and permanent character than is the case with a sus

pended wire, and it is at all times easy of access for inspec
tion or repair. f)n long-distance roads the tracks would be
fenced in to prevent accidents, so that danger to i)ersons,
due to contact with the live rail, would be minimized.

■H
1 4
m

P'

'.i-i
jp

	

TUB OVBRIIBAI) TROl.BBV SVS'I'B.M.

2525. From its applicability to ordinary street traffic,
the overhead trolley system has met with more general
adoption than any other method of electric traction, due
principally to the charaeteristie features of smaller first cost

and ease of insulating the working conductors. Objection
is made by some people to the use of overhead wires, on the
ground that they interfere with the operations of the fire
brigade when called out on service; but the feeder wires

may be strung so as to be out of the way or even laid under
ground, and the live wires are near the middle of the street.

By means of switches along the line, any section may
be temporarily cut out of circuit, thus eliminating all
danger of shock. The tiuestion of appearance is sometimes
brought up as an argument against the use of the overhead
conductors, but with the employment of center poles or single
side poles with brackets, this objection will hardly hold. In
crowded city streets with a large passenger traffic, the con

duit system may be substituted with advantage, but in out-

lying districts a more reliable service may generally be
obtained with the overhead construction.

	 	

I'lr,. t>sl.
The

and switches,
nd the currentfusible cut-outs

are ])laced beneath the car
h the car a

liglrtnin;
motors ;

passes from them tlirou

arresters
fioor, a

xles and wheels to the

I

H,I

/a

Han ^1

^ hic

The standard overhead trolley system employs
for an active conductor a single copper wire in n, Fig. 984,

not smaller than No. 0 Brown & Sharpe gauge, and very
frequently No. 00 or 000. The current passes from the
positive pole of the dynamo d in the power station, along the
wire to the point t, where the trolley wheel makes contact.
From here it flows through the pole p on the roof of the car C,
or through insulated

2526. I
L

■MIsi E
(g)

FlG. US5' terminal of the
i, shown more :n
■placed in upright

the minus
The carrails .I'j', which are connected to

generator and also to ground. _
detail in Fig. 985. The controlleis r, ,

are

within it, thence to thewires
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;losc(l four-wh^i;' c:ir, si.x-
in I'i.tr-

- be run all the year round
that the body of the c.

s'ununercar body substituted
Lon-cars, ineasurmb^.

:ided with

the a-xles

]m)1- .^inall lines, a cthey arr i)Ut.
teen fei't in

iron cases on the platforms, one at each end, and are operated
by the handles on the top; the shorter handles
reversing levers for changing the direetion of travel of the
car.

on the armature shafts

!IS"), IS
Some

that shown
length, similar to

//, are

most used, sinee it ma>

roads have the trueks so arrangeUnder the car are the motors ///, ///, in dust-proof eases;

are pinions which engage with
the gear-Avheels fi.xcd rigidly to the wheel a.xles. In a
convenient position is the starting rheostat r, containing
resistance which is put in series with the armature when

starting the motors.

mav be removed ami an open

thus making use of the sameinotois.
al..„K U.o iKHly, arc

(l.mhlc Innr-wliccUal micks, the (h-'-tanre
al to about the gauge

the winter is
at eac

f track, or a
it is

()

of each truek being ecpi

trille less.
or in some cases used partly for this

purpose and partly as a shunt across the field-windings lor

regulation of speed,

heaters h on an independent circuit.

severe,

-h end, thewhere

customary to jirovide a ^.estibule car.
door being on the side; this is ta e _ this style
protection to the inotorman in very , ‘ . .. ^he ves-

a,.led, imt .t .a heat t^_
the glass,

In eountries
I

As a
Beneath the seats in the car are the

For interior illumina

tion there are usually five lani|is /, which are connected in

series between the trolley t and the wheel axles (or ground),
thus utilizing the full ivorking potential of oOO or ").■)() volts.

One lamp is placed at each end (/,, /J to illuminate a colored
signal glass on the outside.

of car is to be recomiiK . .

tibule shut off from the inteiioi t .moisture on
lated, to prevent the condensation p„.,n
which would obstruct the ciev- - this is

tilmic ia tha cm.alicc-

wilh Imia- Cara on cioubic n ac "a^ stcpiaaR -h ici
				

ISof car

only used
built with the ves

ieOLLI\(i STOCK.

2o27. The rolling stock of an electric road may be
motor ciirs and trailers.

intervals.ong
arranged under two heads:

We shall consider the former onlv, since the trailer is merely

a somewhat lighter car

attachment to a motor car, and is designed only as
iary when traffic is unusually heavy,
motor car must be specially strong and well built, as the

time occupied in starting and stopping is much shorter than

is the case with cars operated on other systems. The lloor-
ing should also be arranged for convenient removal of sec

tions immediately over the motors, to allow of inspection
and attention while the car is in motion

tion for passengers
f the handsomest

on

which
Some o

and stairs and a covered upper
enclosed compartment

river ste

at one

inotorman,
- deck similar toprovided with a draw-bar for

an auxil-

The frame of the

for the

am boat.
IS an

the pilot-house on a
complete, m

In Fig. f'SO
s being omitted

stock cquil».«« ip--sweepti.

motor,

four-w-

The rolling

northern countries, w'lthout a
ch,»v„ one of theec. the

dth hinged
at their

,, at an angle
is independent

of the motion
transmits

b pn' -

ends heavy
bout do

adjustable by
position-

brackets
lower

of a

for the sake of clearness,
the ends wor at any time

when it is not practicable to obtain access from beneath.

When an overhead trolley is used, the roof should be strong

enough to support the trolley stand, as well as the weight of

workmen who may occasionally be required to repair it.

a is provided at .
to the frame at c, and carrym„

to

d, d, setcylindrical brooms
the track. Each broom is
means of a handle h, and ,aentl>
The brooms are body, '
the car by a motor m m

of
be

the

hichw

Cars are constructed according to many differ

ent designs, depending upon the particular uses to which

2528.
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of the overhead
with in the

We

the case
:il)i)aratus in

■md even this is dispensed
rapidlv develoi>ni.ii.

in all methods

currcnt-collcctinij:

trolley

I

A priwer to them by means

of a chain nmninjr on the

sprocket wlieels .r, s.
will be seen that the

brooms are so placed that
they follow separate
paths, clearinir away the
snow for a short distance

on each side of the rails,

and throwing: it far
enouj>;h to dear the car.

SN’stem,

/ conduit or third-rail system,

must not, however, over

of electric traction the car body has a

iin|)oscd upon it, due to rajiid -
and an cijually

dcnly aiiplicd in stoppin.c;;
recpiircs very p.'ood design
serious rank iu construction

the car is put into pair being driven
truck is provided with four whee s, c. . the highest
by an independent motor; this ● V ,-c; and take the

..flicicu-y, as all the »hecls arc Jr.tcc

, now

■look the tact that m
most

It

/I severe duty

at starting,
sud-

f the car

acceleration
the brakes arewhen

that this portion
and conscientious

become appaicnt
. street cai

heavy strain
<)

SO

work, as any
after

c

»■

TUL'CKS.

The truck is25:{().

an e.xceedingly imiiortant

part of the road equip
ment, for ujion its e.xcel-
lence of design and build
ing depends not only the
comfort of the jiassen-

gers, but the question of
cost of maintenance. The

trucks must lie entirely

self-contained; that is,
the one framework must

support the wheels and

axles, the -wheel guards,
brakes, motors, and driv-

ir I inggear. This, in reality,
I constitutes the car, com-

I billing all the essential
parts; for the car body

iyj above is merely a frame
work arranged for the

convenience of passen

gers, having none of the

more vital parts necessary

to operation, except the

vV

whole weight of the car. the principle
the heavy motors

indcrstood that
be applied

It will be readily u

of spring suspension must
to

(I

An/

Cm

8-
Jr

\'8/
0

/ /
8-^

i©M

1 \\

theFIG. 087- -ovision

inequalities
There

but this can

, I n,- as without this pi
required to propel the passing
hammer blow on the track, _ break it nP-

quickly me ,
the wdieels anc

is

JJ /\
- bad joints, would veiy

always the wmight due to
or
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net I,. »v..Kle,l, .n,l il is i.'.l a very "“‘ ''‘J,, ,.

a-eisla Uu: .,.ol„r is n..t a.IJcl. Tlu- ...cl ..><1 » “ '; ’7"
is si own in l.-i-a iiSi; lire moUT .1/is hvl.l 'O' ^tlivse being m iurn sni-l oite i,

ncl the other l>y the
A. whirli ri-st on si)rinij;s -v,

one l)y ;i striin^'er /'on tlie ear fianie.^
on the wheel axle.

A
o

Rchonncliny; P'e-
rhron.n'''yoke r re.stiniy

vi-nteil by the ti|)per Slirill!t,'S ‘'i<

to the frame and yoke. The yoke is j
tile wheel axle at it, and at the"thei .^j^,^,.,..^„<_,ement
armature shaft etirrving the pinion />■ > ' , ] .
thedistanec between the pinion -
maintained eonstant, the motion ot tie n
the axle bein^ in a circular path.

bolts (/, 1/I'assnijx
ivoted at oiUs- tnd on

over the

a »

m I
— j

\

I &
■A \

/
I

ir-

■ relative to

!SE
" ^

o o

ll 75PI ;

/ sy/'fi<! u; , , ti-nck showintt 'be dif-
2532. A complete four-wheel t

fereiit parts in position, is /, /t, "''th in-
niotors J/, JA, are suppotted b) the ) > jrears^’'. Yi
terposed rubber eushions to give f exi . , very de-

to exclude dust,

"'“'■-●“ATr'nn'-::-
“'"t placed close ,n

●h a construc-
●iding a

!6 u \

o o

4;
r-

i

are covered by eases r, c,
struetivc to the teeth, causing

<r»

o

away at the points of contact.
Iiort the motor on siirings, it is,
to provide Ilexible suspension i'

the springs -V,

o o

●, -b -b

although siubody,
to the wheels, may be sufficient,

little merit.

For short cars
to

\ The reason

oscillation,
&

tion would have

longer spring base is to pi event
pleastint for passengers, and exeits
on the car body. The oscillation
one pair of wheels momcntai i ) ^ „ower. -
therebv diminishing their tractiv e | springs at e
tha spring baco ia cxtculcd l,y i'* '"".^Aler.
The wheels IP arc generally "'1 ^,.5 outside ’
some are made smaller; the 'em . boxes y >

,0 give stability to the car body. ‘'““'T .he iac
free to move vert.cally V” ",0” rly in Fig fits a

recess, mto

o o w

fr
destructiveC.

a very

also

and causes^

●eight off
to slip,

t,■>i

takes thIII

'm!
\i

A ^ them

por this reason
< 1

=4 01 ^

I to
Ho 12J

T
5

< o o o o

arrangement is shown moie ^ ^
frame f above the journal-bo-"^ m
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of each car
is used

track

the case

Tiic diagram
d'hc force required indilTerent radii,

is shown 1)V the corresponding curve,
shows; Suppose ^^c

,vis, 1.. ‘
around it, the tai

To de-

P^t'gA pressing up against a rubber cushion r. The pill

rounded on the bottom, rests in a liollow on the iqipcr sur

face of the jotirnal-bo.x, wliich lias also a recess underneatli

to receive a loose-fitting plug q.
two bolts passing through the frame, rendering repair or

rr

have a

as tlu; following c.xainplc
r .')(! fi'ct radius,curve o

cITort will bi; riajnit
This is held in place by ●cd to propel a car

weighing S tons and having a column; go

terinine this, find the radius in t le^ ^ ,pt\,„til the curve
along the horizontal line towaids t e ^.^raight down-
nKM-k..,l r /V. is ns.dKsl »„<1 fronohat ,.o ■ „crs.

,,,„1 ,l„. ansaxr „||,„vc.l alonS l.rings

feet.oi

I
I

71^ ,Xrq; 2J‘»T:n3

Lk wards.

In this case, the line from do on
us to the jioint n, and ond

I
o o o/A o c

ttc carrying uI

£[L
J

467

ArAA

UL.J^
100 iI

\\

s: w1^^
●v; 90
o I

< SO--

●S 70 —

I
U \ !

\
Fig. 080.

i©

replacement of the wheels and a.xles a very simple matter.

The bearing a e.xtends half way round the shaft, as the

pressure is in one direction only.
Referring again to Fig. !)88, the brakes are operated by

the rods /i, h

t INs.."

S 60

"S’ 40
5 30

f 20
10

the illustration showing clearly how the
various levers act when tension is applied; the direction of

the resulting forces, when h is drawn up by the brake chain,

is indicated by arrows, showing that all the brake shoes /●, k,

/I’,, X’, are pressed on the wheels, whichever rod (// or //,) i;
used. ~

XU
SO i)0 woi—

70SOT GO30 40

Horixontul effort,
riG. i»o.

10
11)8. Iter ton.

I

There-

nds

total foi^ce r

oQ mark

pwards
ired

effort

IS

at the bottom is -
effort requii-

8 tons

To guard the wheels against obstructions, the pilots
in, in, are bolted securely to the frame at a sufficient height
from the track to avoid touching the rails.

point, the value

fore, the force or tractiv''c
nd since the car weig is

nil

the

per ton, a

be 8 X 118 = i)'>4 pounds. _
It will be seen that the cui\ es ^ far c--

on the horizontal effort line, i _oai ^ js leqi
which showm that for this paiticu or tracti'C

tangent, a toi g^rves oi
- Lon weight of gach othei,
,,g qjagrain app^ *

resistant ‘'a''

,.nmectatUi=
noughThe wheel base, that is, the distance between

wheel centers as measured along the rail, should not e.xceed

seven feet in a rigid truck—more .frequently it is only six
feet six inches—since the power required to force the
around a curve increases greatly as the length of the wheel
base increases, and the rvear on track and wheels becomes
excessive,

the force required in pounds per ton to drag cars having
wheel bases of 4 feet, G feet, and 7 feet around curves of

2533. ?
u

1

for the straight portion or
of about 20 pounds per

large radius the lines on
the length of wheel base m
as the radius decreases,

car

aking veryThe following curve diagi'am, Fig. 990, shows
the increa
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:hich

This

The

maiuifacturin;^^ concern u
rted on two wheels.

!hll.

car trucks arc l)uilt by one

tlircc distinct sections, each supp
long wheel base,
becomes more

marked. AYith a

fortv-foot radius,

there is a differ-

()

Radial Truck, Fig.
and l> to each other, and the

These latter are pro-

pon plates on the
■ easily.

is known as the Robinson

tliree sections are pivoted at d
outer ones to the car body at c

vidcd with rollers r at the corners, beanUgn
under surface of the car frame, so that the Uuck ma>
and with a minimum amount of to move

ided by side rollers ^
ade J-i

and ff.

ence in tractive

effort of twenty

jxHinds between a
ff)ur-foot and a

seven-foot wheel

base, and a differ
ence of n e a r 1 y

thirty pounds on
a thirty-foot ra
dius. It is evident

that in laying out

a road, such small

themselves

The centerto any required position,
transversely with respeet t.. the

ainst cross-beams i. 1 p,-cn ( '
● will run ‘ground a sharp cur%^ ^_

pparentlythesameeaseason
rigid truck would be qm prevents

rails in such a case. This long whee ^^peels. The
oscillation of the car, and gives longer i e nearly

‘'’-"‘'''rthrJentituchisefliSltt
is only designed

to the curve.

ifv
)f 25 feet[iressing ag

feet, yet the car
radius, with a

An ordinary

motors are carried on

the whole weight of the car, as
construction with small wheels, anc
direct the other's and hold them at a

I
to

curves should be

.g avoided where

e jiossibie, or, if they
~ unavoidable

tangentI

PfEl nr' =1are

and freciuent, the
trrrcks slroukl be

I
1

a xi:
r::modeled to suit.

For curves down to

a forty-foot radius,
a six-foot wheel

base will not re-

II

\
IE

quire an excessive
amount of power

to be ex'iiended;

but any arrange

ment calculated

diminish this

loss by friction is
a good invest
ment. To accom

plish this object.

ISE

to

FIG. DM
heavy

used on

and even
streetare

Double trucks a
iiiterurban traffic,

in large2534.

designed for
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of iron, ^vhen less elasticity israilway systems when there is sufficient traffic to warrant

the e.xpense. One of these trucks is illustrated in I'iir. .‘I'.i-y

The motor is j^eared to the large wheels //', on wliii h is

placed as much as possible of the weight supported bv this

truck (there being two for each car) to increase the ad

hesive power, while the small wheels to serve to guide the
truck.

of these; cones may be

reepiired.

'Flu; keg-shaped spring. Fig.
rapidly increasing resistances, the large
fle.xiblc than tlie smaller ones.

994, is .another form giving
coils being more

Double trucks having ail the wheels of the same
diameter are also made, but in all

IJIi.VICICS.

f brakes is a most important one,
,f those propelled m

, much greater

; of a moving body
of the

cases the main point

is to put the weight of the motor on that jiair of wheels
which drives the car.

'Fhe (piestion o
more so in the case of electric cars than <

(Thcr ways, because the moving weight is so
Sometimes two motors are placed

method full adhesive power is
obtained, but it is generally more convenient to have one

motor, of ample capacity, on each truck.

each truck, by whichon

The kinetic energyand tlie speed is higher. -

increases dirc tly rvill. tiro sveight Yssarv incrc.lscs
vcnciry, sn U.aC U.c r«,circs

I ‘ tpe motorman,
; best advantage,

within a

2535.

graduated, that is, stiffer at one part than another.
The springs used on car trucks are often made

so that

accordingly,

a great and prolonged effort on the part (
who can not then use his strength to the

emergency stop
therefore coming

nder five

To acco

and is unable to accomplish an
verv short distance. brakes are

r be arranged
Power

They may
u

into more general use.
heads:

1st. Air brakes.

2d. Brakes oiierated by current
on the car.

3d. Brakes operated by current
4th. Motors used as brakes,

brakes.

batteries
from storage

from the line.

5th. Electromagnetic
ced the

-distance lad
steam ^ roads,

ue con-

Air hralccs m.ty be conside
come of the adaittation of electricity o ^
roads, since this system is in may
In its application to electric cats, ^ or
sidered as supplementary to the hanc re
Feing used, as desired, and each acting gqjdppefi-
shoes. Fig. 995 shows a plan <)f a cai ^ py an electric
steam air pump of a locomotive is icp jjgd with cuiien
compressor c, driven by a small inotoi
from the line. This compressor is pn

2537.

● the other
brake
The

the lighter portion may move under a light load and the

stronger part sustain a heavy load,

in use for accomplishing this result, one employing two

rubber cones r r, Fig. 99:5, inside a helical steel spring and

nearly touching each other. When a heavy load is imposed,
the cones come together and assist the steel spring. One

There are two methods

of action



711
]●: L l^.C' 'P RIC RAIL wAY S.ELECTRIC RxVILWAVS.●no

The brake mechanism
that shown in EijI-

advance, ana

thronirh its

disadvantage is
,-cr is re¬

al (i and the lever /.
similar to

automatically by a regulator r consisting of a rheostat and
switch, the position of which is de])endent on the pressure in
the reservoir/. When this falls below a certain limit, the

motor of the compressor starts up and ])umps in more air, thus
keeping the pressure very nearly constant. If, in descending
a steep hill, the trolley wheel were to leave the wire, there
would still be sufficient air in the reservoir to stop the car,

and that being accomplished, the hand brake could be set

to hold it. Two main pipes are carried along the truck

connecting-n i)S8.

is, from this point, very
'Phis svslein of braking is certainly a step m

well knownof course.Its ])ractu'al)ility is,

universal apiilication to steam
nevertheless to be found in the fact that e.xtra pow

,● thus opposed is
brake shoes,

roads, but a

en-

while the energy● piired to sto|) the car,

tiridv lost, being translormed into
heawat the

and not utilized.

„f those crntmcralctl mAh
batteries, ea,i hanll; «

tsibilily. ‘
well as the

Phe second system
,f storage

25:{.S.

25C{(->, i. e., the tise
ranked as iniich more

fr

f
II

V than a poss

and of recharging, :

■w a
\ \

ast »
cEi: lO;

cxptMisc of niaintcnanrc

first cost of the l)attcry.

I
b_ JC.

iScicntly reliable to
the brake

u'tu'e to

- r on a

I'

a: 1

is not su

the fact that
the line current

: running

'Phe third system is

need e.vtcnded description, troni

would become inoiierative in case ^ ^
fail, and should this occur when "
grade, the consccpiences might be seiio

25-K). 'Phe fourth

themselves to

a resistance, is to be recc

£3.

tb ^T-

‘'“k“b,bjuterath”n.gh

sa(.c.mtaibetl am m< M

'"‘"’‘'"“the so,.ply
■ to a stop withn

a braking system is

line. The resistance may be . r.
cuit immediately on disconnecting

maybe eoo.ut gra.Iually. br^
thcgear».altbo;;b’"'of the teeth,

liable to strip

w

r»46—
Oat - J - t-

_ -

b—\

■ that this

it should be
used.

Fig.

frame; the one marked a in the figure is \\\o. air pipe, afford
ing communication between the reservoir / and the con

trolling valves V, v,—one at each end of the car; the other
pipe, marked b, is the brake pipe, running from the con

trolling valves to the brake cylinder .r. Within reach on

each platform are the whistles w, iv connected with the air

pipe, which always has the reservoir pressure. When it is
necessary to stop the car, air is admitted into the brake

pipe b by means of the valve v, and the pressure on

the piston in the brake cylinder ^ drives forwards the

any re([uired distance,

braking method is severe on
remembered that the reverse hices
A sudden short-circuiting is ‘

are then
the pinin'^'

'likely to
involves

plained,
aller

The fifth method is one -
1 adoption than any o J^ll■eady

the use of the motors as them, a

but instead of practically shoi t nsed to
current is taken from them, " (.^1-

electromagnetic brake

■ it
2541.

find genera
r ex

sin

an
enci-gii'-e

thus
axles.

mounted on

■ I
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ke l)ct,\VL-cn llie jwlc j)icces, and supports the
The General Eleclrie Company
in whicli the wheel a.xle passes

applying the retarding force in the most direct manner pos
sible.

the magnetic yo
snaft of the armature,

build a motor, J'ig.
The brake consists essentially of two parts, one of

U-shaped section, annular in

form, carrying a magnetizing
coil, and the other a flat disk.

arranged to revolve in close

pro.ximity to the face of the
first.

I a:

In Fig. fl!)d, a is the

stationary iron annular mag

net, and b the magnetizing

coil; c is the disk, also of iron,
made fast to the axle d. When

a current is sent through h,

strong eddy currents are in
duced in the disk c as it re

volves, their tendency being
to resist the rotation and

d
I'lO. W7.

through the bearing at .r, carrying at the other
wheel. IGg. !.!)8 is a view of the same moto. f.om n
side, with the cover raised, the let^rs of referen g

Fig. 99C.

bring the disk to rest,

the brake may be used to give retardation through the in

duced currents thus developed, or the disk may be allowed
to touch the polar surfaces, the friction thus obtained add

ing to the braking effect. The greater part of the retarding

effect is exerted by the action of the eddy currents on the
face of the disk.

rhe air gap at c is very small, and

CAR EQUIPMKNT.

MOTORS.

In the early days of electric railways, the motors
used were simply an adaptation of the ordinary bipolar sta

tionary motor to the new conditions.

2542.

There was, in con

sequence, no protection to the armature and field winding,
which were exposed to the air. The gears, forming a double
reduction, were also uncovered, so that the dust from the
road soon

r
FIG. 008.

same in both figures. The gears are and are
ment distinct from that containing steel, and, m

is usually mauc

wore out the teeth by grinding on the faces.
With the four-pole, low-speed motor, a single reduction in

gear was obtained, and this is still adhered to. The motor,

as now built, is entirely enclosed in a frame, which forms run in oil. The pinion /

■I

i
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icrally used is Iltol,'Phc reduction gei
;th. and the pmion

encloses tin- ;j,'ears.

tlie e;ear-\vlu'el Inivintt tee
J )irect-connet’ted or ;^ea:

the best construction, the gear-wheel is also of this metal.
A cover, half of which is shown, is fitted over the gears, a

small opening with a hinged lid being provided in
upper portion for purposes of inspection. The magnetic
frame is divided on the horizontal center line, the two parts

being hinged at //, and securely bolted together at b. In the
upper frame, when swung back as in Fig. !i08, may be seen

the face of one of the pole pieces /, and the spool head
one of the magnetizing coils. The motor is of the conse
quent-salient type, the conse([uent poles being on the hori
zontal line, and, therefore, divided; at y, and f„ may be seen
these pole faces. It will be noticed that this arrangement

of magnetic circuits is such that no lines of force pass

through the joint between the upper and lower frame cast

ings, which would otherwise form a line of high resistance.
The carbon brushes are carried in holders c, r, bolted to an

insulating cross-bar d, which is secured to the frame, and
the furrent is led to them by means of two cables a, a, en

tering through insulated bushings in the side of the frame.
The current for the field coils is supplied through the wires
c, c. In this motor the ratio of speed reduction by the
gears is 4.78 to 1; the pinion has 14 teeth, the gear-wheel
07. An output of about 25 horsepower is obtained, giving
a draw-bar pull of 800 pounds with OO-inch wheels, at 10 miles
per hour.

2543. The Westinghouse single-reduction motor has a

somewhat different disposition of pole pieces, all four being

salient. Of these, two are in the upper casting, two in the
lower, and either casting may be removed to afford access

to the armature. Each pole piece /, Fig. 090, is provided
with a magnetizing coil c wound on a rectangular spool
which is bolted in place. In the illustration, the upper field
is shown swung back on the hinges /q giving a view of the

armature a and brushes b. The hinges for the lower field
are on the right-hand side; it will be noticed that both field

castings are attached to lugs on a horizontal frame carry

ing the armature, the gear shafts, and the box d which

18.

rlcss motor, arc .cklo.n used »
uistruct than tl>»*

the armature being .

the

they are more; (i.\|)ensive to c<
reducing gear,
directlv t

()wing to

the car axle, a
)id the hammer btow onnecessary, to av<

s ot

(

I
hollow

driven● cr the armature
may be accomplished by spi'i^S^’
shaft, and connecting it, by .^,.ice of one
axle which passes through, a

to the

inch being

allowed on all of the sides.

- : station-

mechanism

is generally ap-
of a ear, and
“ outer end a

■ side of an

TKOimE' ●

2544. The device for
cy conductor and tiansm

on the car is called a trol
plied to such an apparatus i
having, as essential parts, a p _
small wheel which is pressct

rith thethk w
contact

rrent to the

nameai

rying
inst the u
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CONTieOI-I-K^S-

on llK- car plntfom.s, against
overhead conductor,

spring frame, and a side view of the upper end of the trollcv

pole. This latter is held in a clamp />, free to turn about an

a.xis <7 parallel to the length of the car. thus giving lateral

In Fig. 1000 is shown a plan of the

are placed tlie ovitnldng clpMces,^by
speed of the ear is legulatcd. revolving cylinder

rnnsisls. . ssciuially, | |,amS af .liffcrcut
,r„vi,l,al wiU, ,„a„latc,l „„tact piccca at the
lengths, which press against st. armature,
side, and effect various combinations . f evlin-

.n„ecti„„s, acfonHatt »'Xnr'ttachP I-
(h'l-, which is indicated by the opera outside cover,

■hich l.rojccla ‘'■"'''S" '

d'he cylinder is at C , tn
,n the leR, and two cut-outs me < n

Above the cylinder IS the
and below are the terminals bo.v, trolley,
cables leading to the motors icsis ^ of a

■■""U;:.‘hta. contact pi-S

IV

»[o°
3

liiM
:i

I
y

and field c<
m

:/
the ('ylinder shaft w
In I’dg. KKlii isgiven
controller.

m,P
s.

?\i: ;Y
—13

.. the right, one
,-ersing switch A’,

connected the
and

disk of

il

L°Hiir
'6

etc., are (

to each motor.
'o, =●

0

flG. 1(J(X)

motion to the trolley. The springs s, x, press on each side
in such a way as to tend to keep the pole in a central posi
tion.

The reversing swground,

porcelain, upon which are moun ^
indicated in the figure by dou ) c

blocks /, + and
moved artnind so as to taKc

between

These contact pieces
tl,c positions shown b>

the former places
this IS

The frame f which holds the clamp is pivoted at its
ends in two blocks r, c,; from it jiroject two arms
Si Sx at right angles to the direction taken by the
pole when held in the clamp,
the pole is drawn downwards by means of a cord
secured to the upper end, the springs w, ///, are put
in tension, and tend to press the wheel against the

f \| overhead contact wire.

as

nection

may he ...

the curved lines breaking t lec

and connecting the othei ^ ^j,-es of h‘>th motors
done, the circuit through i'!" p‘j.gction of rotation,
reversed, thereby reversing ,,uns broken
an intermediate position the the side of

l„ve,-. whicl. is dotted latent

points to -.ticit, it is ttn-ned d) ●
buttons maybe ■“’''“'p'",,remainingstat.t«'»tv^^^_^
controller handle, the but - otors A/„ j p^ter-

six principal working points, ’ ’ .^ssed over i te,
mediate ones, lettered», ' brass eo e

,t denoted by any the t«'0 d.'«
define nioie c

ircuit atAVhen, therefore. When
a IS/■r

At

and the

The wheel and upper end
of the trolley pole are shown in the view at the

1 ight, and are lettered iv and /i, respectively,
elevation of the

An

same is given in Fig. 1001, a
being the trolley wheel, and b the head of the pole,
or harp. The wheel is bored out to a diameter

greater than that of the pin p upon which it
volves, and a bushing is forced in, made of bronze

with graphite blocks inserted to give lubrication,
likely to carbonize by the action of the current and cause

the wheel to stick, which results in unequal wear in the

groove and continuous arcing when this surface becomes
uneven, due to the wheel leaving the wire.

re-
Fig. 1001.

Oil is

are not

being inserted to
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of this metliod of
of scrii;s-p:irallcl

The use
series and ])arallel ^vorking.
speed reo-ulalion lias ^iven the name
controller to the compound switch emp o\cc.

2540. We may trace

cylinder is turned to the first, se
I'roiii the line to the terminal t
then for the several jioints as folloMi*;.

X

rreiit when the
thus:the jiath of ,

cond, and third nomts
at the base of the controller,

cu

11n«.-
>

«+D

{:*>)
(i)

(1) buUon

/ buttonbutton

Initton

terminal

t rheostat

teniiina

button

button

button

cut-out

revers. sw.

terminal

fields

terminal

revers. sw.

revers. sw.

terminal

armature

15 terminal

A rheostat

terminal

button

button

cut-out

revers. sw.

terminal

fields

terminal

revers. sw.

revers. sw.

terminal

armature

terminal

ground

At the first point the motors

t
t ^ a a b c d 4 o t)

*■>

O Kn

●Si M
%

I I

-rn
i I

II
o

■ji

Aa
II

6 7
O

1

/6fr
I

uI
I

II I

h ● $I I

buttonI rr
a /■-iI

y, _ buttonC

A-1

A-
I

C

fr rt
I I1

1I

o JAI II I
r4

Si

Ai +

/.+
Ill -f-

III

cl■f-of EKI
“i- <u

A
I

BI0*^ I cS

I cnI
S.

_ 3 terminal
3 button

Cuts out

A rheostat,
button

Mlt Hi
1 i I I

III —III —.

A 1

■ji

A cl

Aa)
4

e

m

fi —Mne.
Ci

Rzi

A- CJ
cl

Ah

Si
d

/a + i)

—

c/3
Chx —

Ah,1/

Hi

■\vholcwith the
are in senes,

Orouiid

Fig. 1002.
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in their con-
of the rheostat inserted; at the second point half the resist
ance IS cut out, and at the third it is all cut out.

IS to be used when a low speed is desired, the
running efficiently, as all dead resistance is out of circuit.

The point marked

'Plu: Ceneral Electric Company,

llel regulation, make u.se of the same
, but. in addition

the field coils of the
arallel connee-

2548.

troller for scries-para
methods as the

they ])ut shunts .S', .S',. Fig. Kliid, across
motors J/, J/, at tlie last point of the series or p

This point
motors still Weslingliouse Company

a is merely one of transition; it is a re
turn to an arrangement almost indentical with jioint J, the
only difference being that the half rheostat . / is introduced
instead of A .

V

rhe points b, c, d; ire all similar, serving as
distance pieces and preparing for the parallel connection by
putting J/, between line and ground, with the half rheostat
-4, in series.

1

9 10

Lis a
(1 7 S3 4 3●>

jt
I

P 1 II
To this is added the second I 1motor at the

The long space between a and J/.
tends to lessen the sudden plunging f.wwards of the car which

occurs when two motors are put in parallel at once, because
t e ull E. j\I. F. of the line is applied to one motor alone

during an appreciable interval of time.

I I
I “/

jj ityI Ipoint in series with A.
r I

o I
1

A
r.
J 1

■3
' a

c

I

I aII I

1
,s* I

II

-42547. The order of connections
the points 4, 5, and 0 is this;

for parallel running on I I I

u

(4)
t terminal

t button

b button

button

cut-out

revers. sw.

terminal

fields

terminal

revers. sw.

revers. sw.

terminal

armature

I— «i —, 3 terminal

i rheostat

terminal

button

button

~ -b, g button

button

button

terminal

i rheostat

terminal

button

button

cut-out

fi — revers. sw.
fi — terminal

fields

/<! + terminal
fi + revers. sw.
(ti — revers. sw.

rta — terminal

armature

+ terminal

a

Short-

circuited
O

A at

I Points 5

and (J./. +
/* +
rt, H-

«i -1-

I

A-

Ml
G-ronnd

FIG. 1003. - The

the left, at
There

I; first,

second, on

A/n
resistance.Short- I

circuited

A

The rheostat/i is wtons^are on m
-oiler cylinder is C, the con a right.

J, the reversing
”“='’‘::c.':L.the lin.^-,

1

4 tions.

conn

/, r, etc.

are three positions in w
with the gontact'fingers/,

at 4
Point 6. be placetic

J

(7

Ground,
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and wlicn a (|uick l)reak is made there is daiigci of the cm
rent piercin^; the insulation. In this ease the l)reak is^rela-
tively slow, so that time is allowed for the hack L. . . .

to -raduallv die awav. This circuit-hreakin<t switc,| is
titted with a pawl on the shaft, the pawl en-agmix with a
ratchet on the controller in su^r a way that a s ip it

-oller handle will open the cir-
in until the handle is

is intro-

thelinej', and, third, in a central position between these two.

when all connections are broken. It is in this position alone

that the lever may be withdrawn, and, as only one set
of levers is provided for each car, the circuit throina'h
one controller is always broken when the other is in use.

The various positions of the switch are numbered ./ to

10 in the diagram, and produce the following combina
tions:

ward movement of the contr

cuit, and it can not be

brought to the oil' jiuint. - . .,.o,-cm(T
duced between the controlling cylimlei am t le le
switch, so that the former can not be
first position unless the latter is either on the
backward notch; also, the reversing
able when the controlling cylindei hanc e

closed again

An interlocking device

1. Motors in series with each other, and with all the
resistance A.

Motors in series with each other, and with half the
resistance.

Motors in series, all resistance cut out.

Motors in series, all resistance cut out, and fields
shunted.

0. Motors in series with each other, and with half the
resistance, fields full strength.

One motor in series with half the resistance, the other
motor cut out.

7. Same as 0.

Two motors in parallel, in series with half the
resistance.

!). Motors in parallel, all resistance cut out.

10. Motors in parallel, all resistance cut out, and fields
shunted.

2. ● itch is only mov-
at the off

- 2 ■

s\v

3.
])osition.

4.
that in which a

2550. Another method of as

starting resistance is inserted, am r,,c<»static con-
car attains full speed. This system e. j railway

the one used in the early days c
some e.xtent it is still employed, alth g

low speeds, as a gie^

the
●1

s

trol, was
and to : --

wasteful when running at

energy is e.xpended in
motors, as will be seen from the
. . .mected permanently in parade , so _ rpis case,
obtainable with a series conphng is no of a series
The rheostat A, shown in view a ,
of sheet-iron di.sks, as at C, placet sit ^ .jpjoining plates
of mica inserted in such a way

that they form a long senes of hi„ ■ contact pieces r
arranged in a semicircle, with ,cd by means

: which the lever y bt ^ ^o the
the line is brought m

^ to the rheo-

0.

The
dead resistance.

pi„-. 1004, are

’ the regulation

heating the

8.

con

These are

2549. A controller manufactured by the "Walker Com
pany is similar in many respects to those described, but dif
fers in some important points. Three contact cylinders are

provided. The principal one is the regular controller cylin
der for regulating the speed of the car; on the right-hand
side is the reversing switch, and on the left-hand a S2iecial
circuit-breaker which comes into operation each time the
current is cut off and distributes the arc through twenty-

eight air gaps. The motor circuit has high self-induction.

projecting, ovei
of the wlieel tc-, to which is m

The current from
; through theai

ClK^*

controller shaft,

at p ; the circuit then passes ^
stat, and to the ternnnaly at the L
kited from a second terminal ,
when the switch arm is carried on

This is iasii-
onlyin use

From J


