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2551. The use of coal stoves in cars is attended with
disadvantas^es in the way of useful space occupied the con
stant attenlion recpiired, and the coal dust and ashes scat
tered round. All these objections are overcome in the use

f electric heaters; hut there remains a ^"^ which is at least three to foui times
nevertheless

the current flows to 7 on motor w' and to ,V on motor ;//,

thence through the field magnets to C and d, then to k' and
k, respectively. The reversing switch at this part
circuit is shown in its middle position; if the cord n, n he
drawn so that the insulating bars /, /’ are carried to the
right, the blades e and /, c' and f will make contact with
h and k, h' and k\ and the current will pass through / and /'
to the brushes b' of the motors, and back to Ii, h' and the

of the

I

()

'll the operating e.xpense,
that of coal stoves. .Many railwav managers

the fact that no space is requned foi t ....g^en.^ers
u, .>« ooconn„„..auo,.^c,n.,.-„.o..

I,

0i

3
V

might be
In iMg. 1005 is shown the plan

//, which are ;
Heat is generated by passing

i embedded in enamel.

I of a car,

placed under the seats near
■ - a cur-

i ●OI

I
for the heaters

the wheel boxes

rent through a wire of high resistance
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FIG. 1005.

or Other substance of '"p.’ . .
tion of the wire by excluding ^ ^.^st on it, m
outside of the metal -se h- P-I-t ^ ,
order to present a greatei suifa connected all
provided, by means oV'^'ci c O^t entirely. The senes-
m senes, in series parallel. oi ^ switch_ handle
parallel coupling is .j/„,ake contact with z, and /z
;.p,,ards so that the From the trolley to i to ^
with/ The circuit tl^'^'^mssino- through the upper heatei
dividing at ^jg^^^ed' from
(that is, on the right when ^
o-round ; also from k throng > over so that
and grmmd. When the are com.ee ed

tents oxida-
The

gpc®u® gP
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lL ^-7n
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Fig. KXU.

When the reversing switch is
left, it will be seen that the armature connections

versed, the current entering at,^,
changed,

aty, allowing the current to pass directly from z? to z,
ding at ^ and going to /, 0, and JO, and to / also to 3 anc o
P/, through a portion of the fields to 0. Cutting out some

the field-turns weakens the magnets, thereby increasing
speed of the armatur

roved to the
are I'e-

ground //, 77'. n

the switch) to 5 "7^
- heaters to 3 nj 3

to
the fields are un-

the circuit
’■ divi'

(T

The last point on the rheostat breaks

of

the
in senes,

r. ■es.
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1 ciiTiiits branch-
ba>e of

From a

in heavy lines. There arc two pnncipa
inja: at (a point on the roof wiling) co.se o
the trolley / which takes current from the ’

U.C t
tl,o ,virc ,vhicl, .H ,, 1„ ,,, ,vl.crc a
circuit is tl.rm,-l, the ctinop! . ' ,„rcslsr /,
shunt is carried to one side of tli
the otlier side lieing grounded,
througli the choking coil k to

A\IWIXO.

The plan of wiring for a car using the series2552.
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in current passesThe mam -

„ the f„sebox/,*o"cotothc
, .aircthly tlcsenlt®' m Art

hed and wound
as● and motors,controllers

2546 and 2547.

over so as to imdce a

are bunc

arrangement ri'Ill
ations to

All these wires

single cable i/, an
cing their liability to injui)- -
armatures are shown
the connections to the he ● consists
and

a few turns of wire wound oie ^age of a hght-
offers sufficient impediment to s 1 ^^_j,^^p,ction of the

Qo "8
he

The connec-
and +

at /, +, /, --
imply ot

'his

77,
77, -
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-	 owing toning discharge,
oscillatory current, and it

between

■ound.

it will,

■■ the two plates
The rheostat

of which has

Q
x>

contains

been

o
across the air gap

irtid so pass to gi

o

rester

the starting resistance
the use

r® s
vi /

rr-i
-1

[■p6 rfl m Z
li \m ;-’3 » explained. for a

A is

and C

the base

diagram

of control.
iae S the wiring

method -

end view of the same,
^ 1 From

tr the

! !‘ C' ■I

In Fig. 1007 is given
dieostatic

/> an

the motors a
the current

, 	

)
C.J

4a 2553.

car eqiiiiiped with the i
a plan of the roof wiring
the general wiring to -
f the trolley pole n,

-?^ I

«! iir «s i I
I J

I

i-ii IF

box

through V or
anci

the fuse
● then

()
I switches c, c,

to the :
through the canopy
lightning arrester o,
.r to the field terminals.

The controllers

rheostat m'tg
armatures.switch, F, X’;rersingI atra- rev platforms ^the at

are on

J ground.
these are simply vcrtic.
the lower end a wheel to v

nd the wheel

leal shafts
wi

V.	
J] lengths,diich is ni Short

liable to wear.^
niannei

jl -heostat.
most

50

of the 1
the points

■ated after

I I
* i

II\ »

passes arou
of chain are introdiicec a

switch 7' IS opei

I I

■ the samec.:

The reversingThe motors M.parallel controller is given in Fig. lOOG.
are shown in dotted outline, and the wires are put in

l5
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by an independent lever, the
attached to tlie lever.s as shown. Ihe g ....arh
branches from the roof wire passes througi^
and fuses /, / at each end of the . , .
between. In the center is a cluster H„inc wii a
ends h are additional ones used as

colored glass outside. On the plan W ^
the same reference letters appl) , ‘ . ^prection
wires are carried down the side of the car, then
being easily seen from the other views.
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OVERHEAD LIM2 c - ^ includes the settmg

2554. Overhead line <:0»structioi_^^^^
up of the trolley wire, with insulators,
necessary coupling devices, between the gem
feeders, or wires communicating c u .[^^j^ing points,
tors at the station and the vanous -s eonvenient.

rheadorlaidundergiou abrasion, a
In the latter case they must be ^^^tside the insulatiom
lead sheath being frequently emp J covering
Great care aho.dd be taken I"';»■ ^';;";;.„i,r„re to enter and
injured or broken, which wou c c

^^T:r:^:ri;;::nSie:of p*J;u?k
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side of the road; or aw

i!
center poles carrying the
sides; or the poles may be i ‘ span
and the trolley wire ^uppor e ^^,,„,non.

This last method is m the -

is no obstruction in the ‘ a conntry
localities

I

1.
I11 I I

' I
Jl ll

I

wires

because
center-pole

I there●»TT
ll

II across.I
u

I
\\ n

//
y

y and becauseconstruction

used for the track in
t

some

road.
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2555. I he polc.s may I)e of steel, iron, or wood
cross-country roads, wooden ^
they are used frequently in city streets, althomrh iron or

-steel pc^es are much more desirable. Pi- i„(),s shows a

-sectional form of iron tubular pole adaptable to any type of

construction, (a) beiiiff the side-pole, (/;) the center-pole and
(0 the .span-wire method.

wires are to be used. At (./) is an enlarged view
r the insulated top

iden block yaiid
diich

Foi

poles are generally selected, and pole (r), showing
supjiorted on a wo<

carrying the tension bolt w to y
the s[)an wire is secured. The cross-
arm t carries feeders to supply

rent at distant points; the pole may
also be utilized to carry an

cur-

Thc poles arc about T) feet long,
arc lamp,

Instead ofas at /, in Fig. 1008 {a)-
I

IS
I

ratchet may be §
a tension bolt, a

placed on the to]i of the pole, as at
rt". Fig. 100!), provided with a cou
terbalanccd pawl b engaging with
the teeth. The base has Haring
sides to shed rain, and fits into the
insulating wooden block (b I'l n
-slightly modified form the ratchet
may be fastened to the side of t le
pole at any point, or bolted to a
wooden pole.

§

n-

t

J
l-!i

■1

©

■1

S'I
I

MlKl'V I

Ai

a /

Fig.

V
/

I

a.u.cen.er.poec

' blol of ‘1''= ■
heel and erduces

Such an ar-
in Fig-

2556. In both bracket

is now the practice to use a<d)

(a)
(&)

(c)

mer

trolley

*5 the sparking-
\ rangement is

w

; shown

represents
the side¬

's-':
the

which
used fo*

construction-
etched tightl)

being secui-etl to

1010,

form

bracket

● // is str

Pig. 1008.
A

the lower section being G or 8 inches diameter, and the others

i nch smaller, successively, fitting inside each other with

telescope joints at least 18 inches in length. The lower end

and filfY ground to a depth of G or 7 feet,
and filled around with cement. Allowance must be made
mus! the strain of the wires; and the top of the pole^
mist slant away from the track about 5 inches, when

,r be-
I Fig. 1010.

spa,, ,vi,e » holding the
tween two insulators b ^ > , , , ^ ^ clamp

a hnachet dand the i„ne, one hel^ O-e ,„a,.
is of a

- one
the frame-

teiide.x

be

In the center-pole
when the pole

ive the span

work,

on both sides, and

bored through it to receive

in

wire.

span
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2557. the road, and between
At intervals

Y ooden poles are generally set without concrete ;
ut w len they aie jdaced at the side of the street to hold

span wires_stretched across, large stones should be used to
take the

than 12o feet apart measured along
opposite poles are stretched the span wnes s.

Pifp
a s

pressure due to the pull of the wires, some being
placed at the base of the pole away from the track, others
near the surface of the ground at the side towards the tn
A piece of timber

a

K

h

aICK. >P
Ti

T

substituted for the stones on the
track side, and should be about 3
section.

ip
FIG. ion.

feet long and -I' X S" in
I he slant of a wooden pole should be about double

that of an iron pole, and when in jiosition the ground must

be .solidly tamped around it to make a firm bed."
eter at the bottom should be not less th;
mg to 0 or 7 inches at the

shape. The pole fr
octagonal.

of aliout oOO feet,

wires a are ])ut up,
hangers h.

2559.

curves is shown in Fig-

■ the trolley wire on
I represents

The diam-

The method of setting np
1012, where

diein 10 inches, taper-
tof), which may be cut to a conical

the ground up may be round or
It will be found to effect a considerable saving

m cost of renewal, and also to prevent leakage of current, to

give the pole one^or two coats of paint, applying some pre

servative compound to that part which is to be underground.
V tee ])oles are made of sheet metal, of channel section,

iivetec togethei at short intervals throughout their length,

anc may have a flat piece through the middle, the section
len eing like a double D. Lattice work is also largely

use , making a very neat and strong pole, which can be

pamte inside and out, and is easily climbed when necessary,
hriiard wires m

contact between

V
om

t

l- ;>

B

ay be required for city lines, to prevent
^ falling telephone (or electric light) wire

anc ±e trolley wire. These guard wires are suspended 10

0 me es above the trolley wire, and are supported by
span wnes attached to the poles at the same distance above

the trolley spans,
ble intervals to

p

a

lA-

q. U■Ic
U

w
7

t
a

V

Anchor wires must be provided at suita-
secure the trolley wire against falling, in the

event o^ the connection at one end giving way. Before this
precaution was adopted, there were instances of a whole

w^rf™ incapacitated through the breaking of a trolley
T wire A

get! to bring
FIG. the trolley

ckles/^^nre tn
ttached

Turnbu-

to

2558. wires/, n, . general arrangement of wiring for a double
track IS shown in Fig. Jon.

arrangement of guy
when a single pole is used.fl'he ])oles p are placed not more

■'/F
● r, ^

/
r ■■

')I o')A

/
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at various

visible, the wire showing splices
)ccurrecl.

the wires to the
j)ro])er tension, and anchor wires a to su|)-

port the trolley wire at the beginning ,,
straight portion. A fle.xible method of
at />’, where a heavy sjian
this form- of

eflect is plainly
iioints where breaks have (f the tangent or

__The size of the trolley w
shaikl

The

ire

suspension is given

wire s holds up the guy wires;
t construction tends to equalize the

the span wires, and is generallv adopted in place of the
other, which is the original method,
shown at C] the different
letters as in

lircction of Line.25(SI.

depends somewhat upon conditions copper,
never be less than X<). <» B. & B. nw ^ ^ ^ ^
guard wire, when used, may be o i o-
vanized wire, and all span wires shou

of traffic, but it

strains on

A double curve is

wires being designated by the same
the preceding lay-outs, and the poles by/.

(i> i

2560. In round!ng a curve, the trolley wire d<^cs not
follow the center line between the

FIG. 1011

i) feet above the stretch me

must be asperfec as

trolley wire
. n.

No. 5 B. & S. steel
rails, but is carried over to the in

side by an
the radius of the

should hang about 1

The first proceeding in „

ployed .!> 1/ 1 i„the hanger, t

amount depending upon
curve. This vari

ation is shown in Fig. lOl:’), where
the curve r is the center line of

the rails and t the line of the

trolley wire. The amount of off
set, measured at the middle of a

li h0° curve at the jioint indicated by
I the arrows in the figure, is as

follows for curves of different radii :

a

first, at or
span wires across,

possible, insulators are ein
-the pole, and second, in

called strain insulatois c
lOU, where t iS’ a

the span

form

3 suitable
of one

illustrationnear

wire are

being given iit Fig

an 1
of some

globe

'e'"’//t

Fig. loi.s

Radius in Feet. Offset.

10 inches.

13 inches.

12 inches.

8 inches.

0 inches.

5 inches.

4 inches.

3 inches.

40

50

00

80

100

120

150

200
hich

„aleft-haiKlinsulating material, such a
secured the eye d anO ^ j ,vi

'● ’ tension,

thetnro-^'

ith riy:i'V‘
and the

tchet

The object of this offset i
more

- IS to allow the trolley Avheel to lie
closely to the rvire; this it would not do if the wire

followed the track

wires are
sed, the

are

connects the bolts a
threads

is Hi’center line, since the wheel would then

wire diagonally, causing a large amount of
passing round the curve.

the

for regulating ^
the ends at f, ^ ●

ra
lie across the a

When,r

fastened towear m
In .some old lines this

1



r:i7

: railways.ELECTRIC7:j(j ELECTRIC RAILWAYS.

after which the
s ofin temporary wire slings j

hangers, or pull-over elamp;’, ^ce a at ^
small radius, a form such asis given^ fastened
The span wire is attached to the ^ the trolley-
hy the insulating fiicce / to tLe ‘i"” ‘^^rations a “tower
wire clam[) b pivoted at d. ^ platform supp«>I^^
wagon" is used, which consi-sts to t le
on a wagon, at a con venient n .
wires. This platform is generally o arr .

that the latter ^

in platformnot in use, tl

turnbuckle is unnecessary, and the insulator is simplv in the

form of a globe with two eye-bolts, or an insulating cylinder
with the two bolts.

P'or cur\^

When the span wires are in position, the ne.xt operation is

to set the hangers for the trolley wire. One form of hanger

is shown in Fig. 1015, the span wires being passed under
and //, and over the center at c.

m

A swivel joint at a permits
of proper adjustment, and below the cup insulator / is a

pivot /, allowing a longitudinal swing,
trolley wire t either by having its edges pressed firml}-
the wire or by soldering.

to project
clear of

A clamp b holds the
interfere

beyond the wagon,
the iracks while repairs are

When

so
● over

r ay
Another form of hanger is illus-

irallic.with regular
be lowered to the wagon.

trated in Fig. lolO,

in which the trolley
wire is held by a

clamp a set up by
means of screws.

alt
_At the P‘-

■itcl as,

one

Curves,

other, ov

the trolley

and ,-erhead sw
●heel

lirancli Lines *
from an

25«2.

where one line branches
used to gui

1 iv

ide
“frogs,” areor

The span wire passes

under the ears b, b,
and lies in the groove
c, being held in place

by its own tension.
The central bolt d is

insulated from the

ears and span wire by a composition of mica and shellac, or

similar substance, which is filled around the body, and pro

jects above it, in the. shape of a mushroom top. The bolt e

allows of motion,' as in the preceding
In putting up the trolley wire, the end is first anchored.

c n

c’

nc

iC'P

(y)case.

FIG. 101*^- in Fig-

’’“f „uey L

wire to the othei.
view fromAvhich (.r) is aO eO

^ is a platebottom;

side and spirally-gi'oov
surface of the plate

FIG. 1017.

at
and a length of, perhaps, 1,000 feet run off, supported by

temporary wires from the clamps. This length is then
drawn to the proper tension by means of a block and tackle,

the hangers are permanently connected and the anchor
wires put up.

IS

-s that thesurface of the ear

through, bearing
from one

flanges
/'the otherwire to tire

The wires r,

\vi

are
passing

vertical position.In rounding a curve the wire is first stretched
*. a
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;-over is used similarthem over the
■n fh I , f the ends tlmnurh hoi
ur the plate and hendin-,^ them hack, a
span wires are connected at the rinirs c.
sinjrle branch may Ije made hv Icavin-T

intersection of two trolley lines, a cros?'

in princijile to tlie overhead switch, ig-
es

at (I or the

A switch for a

out one of the ears

as

oft the junctio
-ate feed

in Fig-

used a

lied by supai
vSei'tion insulators are

theydivisionsw, and narrowin- the plate accordinirlv. are suppwhentwo

One form is

of the trolley

-heel to run smoothly across

wii'cs direct from the station,

in which the direct line
trolley

l()0|.me, c d the
thebroken, allowing the

the insulator. theThe span

poles, and is slipped under

a

a'

h

FIG. 1021-
. and bolts r. r
. trolley rvires

hold the parts together against clamps
from the two sections, which pas by ti ■_ ^

each end, through the holes h, m ,ovided with In^
q'he end castings aie 1 to

pich connection y prevent
p- ^vood, "Cii

ried at tc',

ethod of sphcmg
Union, joint,

in insulatorFig. ioi;».

A double strainbranch line, a' b’- the
trolley wire.

irotch at h.

mam trolley wire and t c' the branch

noim- / 1 \ center of the triangle n .r m will be at a

clctcimmes the position of the frog. It will be a litile
moved from the center lines of th "tracks
dnnhi°*^ curves of large radius, it is necessary to
doable clamp a, as show,, in Fi^. io20, the span wi.-es being

4 !
the

re¬
screws .S', .V.

and set-screws, by w
Distance pieces o

are inse

use a feeders,

absorption of moisture.
ml in

- Western
The usu

Splicing -' “
telegraph,

Wire

overhead wires is the
2504. ’ 01

. ^-pe other
ofacitl-

FIG. 1022- ; over

instead
ed one

flux 1-
: wrapp

sed as aFig. 1022, in which the wires aie
and soldered. Rosin should be u

©
thisto

objectic"
obstriv:

"'^fig. i<»-t_

as acid will in tnne corrode tbe^'V^^
joint for trolley wires is t ta

toAn ction
an

●esents ‘secured at c,
At the point of
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the pole/aiul the hanger.i.s a regular steel span wire betrs'oenthe trolley wheel, and other devices have been adopted, one

of which is a scarf joint, at least si.v inches long, Fig. 10'4:5,
carefully cleaned and wrapped with tinned binding wire.
The whole length of the joint is then filled in with solder,

the enclsof the trolley wire being held firmly throughout the

process by means of a screw clamj). Another method of
joining, which is more readily accomplished, is by the use of
a brass tubular connector, as shown in Fig. lO'.!!, the wires

being introduced at each end and bent up through the open-

with an insulator at tJ. . . „ aCutrle

The simplest method of but, with a
wire, serving as working of the line would
heavy load, the drop m potential c
be considerable. It is evident t la jt at various

factory to put up a cable .\^„y the current with
points along the route, as tins arrangement
less loss than the trolley wire. ^ trolley wire, « the
sh,.w„ in Fig. 103.1, where « » ... >

IS

a b

__i ‘2)
a

I'lG. l(h>l.

ings a, a; the remaining space is then filled with melted
solder, and the ends of wire trimmed off. This connector

has proved very satisfactory in service.

/ H

fs

m

FIG. lOifi.

The power sta-
If the“■'rn .he iioe.

_„„„erofsec.iohs.ey^;-./-:
“''w:nrheV..eoniy.e .he

feeder and /the different
icLuei, aiiuy, y atone
tion is sujrposed to be at - ,2565. Feeders.—It is very important that the E. M. F.

on an electric road should be maintained as nearly constant

t possible throug'hout the whole system, and the trolley
wire being usually tar too small to accomplish this, extra

cables are run to various points along the line. These are

divided into antrolley line were
each connected at its center ®
the drop in potential at any P

as

a

rw-	

« t
1a’ e

d

P FIG. J027. that piffiff
j; along

,dthout

P

between

any

district

trolley line
of fire at

in that
feeder and that portion of the

In case

shut off in

wFig. 1025.
Wire,

can be
and the connecting

the route, the powercalled feeders, and their size and distribution depend on the
number of cars used and the length of the road.
The feeders may be supported on the side iioles, or on

separate poles, but are frequently laid underground. Con
nection to the trolley wire is made by using a hard-drawn
copper span wire attached to a non-insulating hanger c, Fig.
1025, carrying the trolley wire /; at the other end of the
span wire the feeder /is joined on, and a strain insulator a'
is introduced between it and the pole /'. On the other side

7

h »■ me
in

in
faS in

m
in111

isFIG. 1(B8- the service
the poles

that

located on
so

of the line
-.itches aredisturbing the other ^

1 'These s>>

not entirely stopped, -i
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law, K = therefore ^ =
J0.7!)

at the point of connection to the feeder, and insulators :

placed between sections, as at i,J.
1 he arrangement shown in Fig. ln-28 con.stitutes the feeder

and mam system. This system, it will be .seen, is an amijli-

ficat.on of Fig. 1027. The feeders are r ./and cf, and are

distinguished from the mains .r l>, ij in that they are taijjicd
for current at no points save at the ends, while connecti
w, w, etc., are made between the

wherever they may be required.

I0.rn>^. ,,hence.ire

Ly Ohm's d‘

(363.)(P =
c

The cross-scctioual area of a wire vi circular
lo m.7U n-iiies the product of the current flowms auddhc dn
Twee in feet, divided by the drop m ro/ts.

in.7!) f

ons

mains and trolley wires,
(364.)

conductor is equal
i the length of couductoi,

Also, d

The drop in voltage along a
times the product of the current am
divided by the area in circular mils-

F..n,n„a .●(«,% giving .1- ,
ductor for any given length, cuiien-, ,-esistance
not, as we have seen, make pio\ision ^^-hich is‘"i "

the return path through the rails am pne is to i'C
ter not easily determined in advance, the chi.r-
an extension of a system already m guch a case
acteristics of ground and track are ,ted. nniltiplied
the resistance of the ground letuin * ■ piop m
by the total current to pass the total allowab e

btracted from to f„,.„uda.
-indcrappl'v''

,„-c, b™a<lly, t»<> -'>;■ L .at onv
considered, namely, those m load, ^otae h _
and those having a uniformly dis to the ti 7
class belong all feeders having no
wire or mains except at one pom £ggpers,
included single trolley lines , -oughout
nected to the line at many points .^j j^^ld g^

For the first of these the T''',''''Ihnlf
the second requires ;t requite „t
uniformly distributed load is ‘ g^^,-y for aneQ ‘
the size of Avire

the end of the line, the sain ,-gtribnted load>
say then that, for a uniformly c is

CALCULATIOX OF TROFFFV XVIRFS A.XO FKEIJFKS
2566. There is an important condition upon which the

size of the supply ivires is based, namely, that the dillerc:

in potential betAv;een the trolley wire and the track shall have

a certain minimum and a certain average value. To obtain
tins result, the drop in the line must not be allowed to ex

ceed a certain amount, and ivill include the ground return

as well as the overhead wiring.
For convenience, we will at first assume that there is no

resistance in the return circuit through the rails and

ground; hence, that the drop in the line to the furthest
point IS alone to be considered. We will then denote by R
the resistanc e in ohms, of the conductor; T), its length in
feet; c, the drop in volts; 6', the current, and d\ the area
ot conductor in circular mils, ^
The resistance of 1 mile of

50,070

of CO -

'olts, do -s

ea

ence

. t

volts, which can

drop, and the value of the reniai
There

then be su

or one-thousandths of an inch.

copper wire at 75° F. is

ohms; therefore, the resistance of a wire 1 foot 1
are

oond class v.
and mains ●

ir lengta-

lod, hilt
of a

the se con-d ong

50,070 thengnd 1 mil in diameter is -

the resistance

as the area d‘\

= 10.70 ohms, and, since5,280 X d‘

varies directly as the length D and inversely

10.70 X D
R =

(362.)d

That is to
say; The resistance of a conductor is equal to

10.70 times the length infect, divided by the area in circular
mils. (365.)6.^C f>

e
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„ ^ lO CD t-

^ I - 3 " " -The required area in circular mils of a comluctor intended
0 carry a uniformly distributed load is equal to o.h times the

/ro..uct-of current and length of line in feet, divided by the
drop in volts.

By derivation from the above,
5.4 (C7;

$2 S - ^ 3
o

o’Si
<v

tfi
im

JO
IV

C: ^ P
c:> CC1^ ^ >o

5 "
-7^ tH

(»466.) o CD O ;g o O Od'^
1C lO o
A

O) £-

The drop in volts in any given line having a distributed
load IS equal to n.^ times the product of current and length
of inc in feet, divided by the area in circular mils.

2r.67. There are two questions affecting the size of
wire or oveihead power supply—one lieing a given drop of

potential, and the other a given rise of temperature, and
calculations made from the formulas
conductors should always be checked by
tical ■

c? o ^

●* 2 S »
w

CO
*o COL

o

2 S o
r'i U

lO5 rt
(SI

Z

ui (N
< O

o

^ o

OcDCc^j-;''.

cw
o cu

0> o gt/3

w
given for overhead OJ C/3

P :

rules based on prac-

e.xperience, to ensure the ability of the wire to carry
tie cm rent safely. Table 71. gives the current capacity for
several diffeient sizes of wire for a rise in temperature of
10°, 20°, '10°, and 40° C.
The table is applicalile alii

such as trolley wires, and to those
ering; for, in the latter
ates heat

''*0o
S <<
P●'.h o

M lO ^ ^
CC« o

o
rH

O' C) 2 ^
5 2^
O

U

W b

J o 0

<D V
tC 4=

3 s
o .5

o

CQ ■n

< M <
2 2 S 3●:e to uninsulated, bright wire.s,

j with an insulating cov-
case, the surface being black radi-

more rapidly, and also presents a larger area to
the cooling effect of the atmosphere. As a rough, general
approximation, the following formula for determining the

capacity of feeders will be found serviceable, but should
not be used for final calculation:

JO o
H

O

O

o O O g 5 Cl JD
O g § .o ^

CO
W o

oa o-
X (SI

CO
2

JO
<u

iilisjli? „
ssiSfilL

w o
> r-H

u

V

o o

-5 Ol

o
o

O
><

Let C _ current in amperes;
d— diameter of wire in mils. oggSgfsSO

0^0

8 S o
cn

PU

s s

<; g

d^ o

(367.)1,300'

a given zvire zvill carry safely, when
exposed to the air, is equal to the square root of the quotient
o tamed by dividing the cube of the diameter of the zvire by
1,S00.

(r

The current zvhich ow
JO

^ g o ‘OJO
lO

I rj c/3
c .5:1 o>

.3 s I4J ^
W (1) j-^

lO)P
ci

o
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were to
,le, the conductors

ncentr-.ited at the
,:ld be-('0 If. “'^''‘^'’■■‘^‘^"‘^"’'^SuLloadcoExami'i.k. , ,

)c provided to allow of .lo volts drop
I,f ,l„Oino. wto. W..UI.1 ll.e

ll.„ if i. N... ii ircllcy -viro .-.l.'ne «'^rc

._((,) By formula

10.7!) X o'. circ. mils.

In our calculations for size of conductor we

have considered an area suflicient to give a certain drop of
potentiaLat a temperature of 7.7 F. When the current is
first turned on the line, this drop will result, but a heating-
effect may occur after a short time which will raise the

resistance, and, consecpiently, reduce the current. Provided
the rise of temperature is not much more than IJO^C.. it will
be safe, but the E. M. 1’^. of the generators must be increased
to make up for the additional dro|). It will be evident,
then, that a correction in terminal dro[) is frecpiently neces

sary, and is obtained by using a new value for the specific
resistance. Constants for the different temperatures may

be found by the application of formula
At 7.5° F., the resistance of a wire one mil in diameter and

one foot long is, ^us we have found, 10.7!) ohms; then, tak
ing the same temi)erature rises as those in Table 71, we

have the following values:

Rise of 10° C. = 1S° F., and resistance of 1 mil-foot—
r = 10.71) X I 1 + (.O0-M55 X If^)] =

11.21.

Rise of 20° C. = :]C,° F., r = 10.7!) X [ 1 + (.002155 X :50) 1 =
11. (iO.

Rise of 00° C. = 54° F., r- 10.7!) X [I + (.002155 X 54)] =
12.05.

Rise of 40° C. = 72° F., r = 10.7!) X [ 1 + (.002155 X 72)] =
12.10.

2568. \V

, (/,) tVhat wo
vn<

Solution

</●-’ = .70
i^ 10.7,r)03 circ.

.1.70 in.

'I'his area is greater

Siihlracling, —mils.

4/!H;5!)0 = 150 mils =
,.»»'*>'■ ""1s.'«;Itcrnative. "C mis

in diameter, .'.we
,.hich measures

A ns.

An additiona

ditions, its diameter being
a No. Ot) trolley wire, w

in.
up

liaS mils =F \'2H, l,S5

(/i) From formula a(i4, we obtain
Ans.

n,409^ _ 00.7 volts,

feedei feel lung
eaeb -ii-"

10.79 X 75 XjW^
uiTjwa

= T077>!)-‘i
an arrangement

;j 300 feel m
dth the

e =

An electric railwayE.kample.—^

as shown in Fig. 1029, witn lh.ee
length, respectively. Ihe nn

are

-6/

<a
Oh

o
o

3300' ^sdo
5130'o'

The following examples tvill illustrate the method2569.

of determining the size of wire for any railway system by
the formulas given:

«T.'

Example.—A road is proposed to be built, having a length of
14 miles, single track. There are to be five cars, each taking an aver
age (estimated) current of 15 amperes, and the allowable drop, exclu
sive of ground return, is to be 50 volts, or less,
trolley wire suffice ?

Solution.—By formula 365,
5.4 X 75 X 7,920

urrent ^.^es

If ablit 50 volts,
division of

PIG.

Will a single No. 0

feeder connection at ^
sections of trolley wire ‘
tracks are to be laid. "
mile, and 80 cars will be use , ^
each. With a total drop o« ‘
of feeders and mains wio

an

= 04,1.52 circ. mils.d‘‘ =
50

d = F 94,152 = 253 mils = .253 in.
The diameter of No. 0 wire is .325; therefore, it will amply suffice,

Ans.

d?

carrying the current with hardly any increase of temperature.
iLl)
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, ami the ilroi)The current is 70 amperes
Solution.—A glance at the plan of the road shows that return

feeders will be required, as the station is removed from tlu- line of the

railway, and that these will run from that portion of the track on each
division nearest to the

un, _ 70 = .41 volt.
I O ^

of potential in the
feeders and mains

of copper, pro-
The

A dis-

Returning to division ^ for the'
trolley wire and track. / economical section
slmuld he made with a view to a thereby

vMcl an c„n,Hivc tall in , J', f.e.l.r at i«
n,aln 1» in nacl, <livi»nn „erc. an.l allo«aag tor ●
tributed load of 70 amperes is carr c ,3 ^o. 3.
aturerise of IT C., the wire, as gnen
of potential

power liouse. I'or divisions I and a single
reiuMi ciilde will suflice, but for division .1 another had better be pro

vided, following the direction of the outgoing feeder.
Ye will first calculate the drop in pressure through that portion of

the circuit containing the known resistance,
average of 10 cars, since there are 30 in all, and the current will be

14x10 = MO amperes. When the proper distance between cars is
maintained, there can never be two on one length of trolley wire be
tween the sub-feeder from the main, at the center of the section, and

the end of the section; therefore, the current is 14 amperes, and the
length of wire, 3.70 feet; the size is No. 0; area, 107,703 circular mils,

and the load being a moving one, we applv formula giving the
drop

occasioned.

Each division has an

(A

X70J^7.7
72.(134 The

<\rt

The coellicicnt 7.7 is obmined and
- these is, In'" ’value is there given

20° C. The mean between i
load one-half of this value is

The an-, ent in filers .
allowable rise of !●>

outgoing feeder.

3-4 X 14 X 370

10.77792
_ 20,400
~ lO.aTiM “

The connection from the track to the power station P. S. is indi
cated by the dotted line,

ill consider that portion lying to the left, its length being say 3,800
feet. The resistance at .025 ohm per mile is

= .27 volt. (^0
will be

(/)For the track resistance of division /, we 1,018,5^ _ 11.43 volts.
T07T05

w as
be taken c

108 amperes.
urrent may
being -

107,805

(eecIW. the y'’J’"7ck. «

010,080^5.84 volts.

Forional c

For the return3,800

7,280

^ The fall of potential with a distributed load will be one-half that
with the load at the end, and, by derivation from Ohm’s law.

R = X.027 = .018 ohm. to
before, with reference

-ature rise of 15a temper

108JY^ =
m503^

and11.42 X is 8,300 feet long,
before', then.feeder

No. 000, as. the outgoing
In the second tlivmnm,

the current 140 amperes, th
140 X^ = -

Torsos

c 108

Y X .018 = .97 volt. (/')

the current in divisions 1 and 3 being considered, in the case of the
ground circuit, as divided in the ratio of the two lengths of track.

For division ,2, we may take the length of track as being 9,800 —
3,800 = 0,000 feet.

no 173 amperes,
i« 380-108-L _,.td

niist use

11.43 X

irrent is ~
feeder, the cur f 15“ 're IThe resistance In the return

this with a teinperatu
rise o {nre

carry 1, t'-®

outgoing
2.41, nnd
niain the

0,000
divisionR = X .027 = .028 ohm. as iu.7,280

The current will be 380 — 108 = 173 amperes, and the drop

^X. 038 = 3.41 volts.
lO

In division 3, the connection to the track is made at the middle of

the line; there is then to be considered only half the load, in order to
determine the fall of potential. There is a distributed load of 5 X 14 =

70 amperes over a distance of 2,470 feet, and the resistance

wire
being
0.23;

^TITOOO tbesame
If, now, we take the

sum of the drops will he ) ^^.^pey '
feeder, 31.4; for the We 1^
rjlum feeder, 4.04; the «
„ext»iee larger .'ire, 7,e»l
heating will only be^ o ^ ^

%373^

thefor

, track,

70 amperes
C

thetake

being
Then

z- = -- X 73 = (^)3

(^)

4? =

3,470

5,280
7? = X.025 = .011G ohm.

I
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follows:
\Vi- iiKiy now summarize asSubstituting this value for that taken above, we have a total of ol.l

volts lost, whieh is sufficiently near the desired figure.

In division ,V, both feeders are of the same length, and carry the

same current, 110 amperes. Allowing the same heating as in the other
feeders, l.o (A, we have No. 000 wire, and

11.42 X 140 X 2,100 ;{,:J.-)T,4.S0

ld7>05

If the same main be used as in division .?, the drop will be 12.4, and

the total drop .aO.00 volts. If necessary, this may be reduced by taking
the next size larger wire, Ro. 1, and, with a temperature rise of,
perhaps, 5’, the drop would be

Loss IX Volts.

1.

1 )ivision

20.00 (/)
0.00 (w)
.25 (<0
.41 on

20.00 C)

(/'):11.4
21.45 (r)
20.42 C)

(^●)(/)- = 20 volts. 12.4< lulgoing I'eeder	
Main	

'I'rollev Wire	

I07,«05 .25 (")
2,41 ('■)
4.70 («)

(<0.25

.97 (fi)
4.70 (w)Track

Return I'eeder	
,70.:!2

.71.22
47.05

I
Volts Lost, Total5.5 X 70 X 2,100 80.S,500

~ 'H:!7od4
= O.OO volts. 0")

.' WiKK.
ivhich will give a total drop of potential of 50.32 volts. Sizu oi-'

Instead of having wires of two different sizes for the return feeders
This

000
000' ^ one No. ^ I

■■ ■ ] One No. 4 >
No. 4

of divisions I and we may use an equivalent of two No. 000.
is the size required for all the other feeders, so that uniformity is

secured, and, as the two feeders in ([uestion run togetlier, there will
be no difference in the distribution of current. Each calile will carry

half the total current of 280 amperes, and allowing for a rise in tem
perature of 15°, the drop

1

Outgoing Feeder	

Return Feeder	 	

3
000

000
000

TICI2-
1020, single

■ trolley wire
an average

average
What

3 1!. &S.

to that
in a

ill be

|.-o« in Figkxampi

,sed, shnilnr

11.42 X 140 X 500 _ 799,400
“ 107,805

shown inr= 4.70 volts. on the107,805 to
dclitinn

0 cars,

^ diviclerl into
feeder -
wirC’)

1. A road is prop* w

which value may be substituted for the drop given in and (/). with one is totrack, 21 miles long,
which is No. 0 B. & S. gnng ●
current of 20 amperes one'', ^

The track resistance
f feeder ?

example, if

.vhatsizewue^^ction

^ w'There

and theOn adding together the different values found for the drop of
potential in division /, the total will be found to be only .33.!!2. This
is considerably below the limit of 50 volts, and we may, therefore,
increase it.

takenIS ten

05 volts,

will be the size o

2. In the above

insulated sections,

that length of feeder is one

, (Notewere
'’The return feeder, being used in conjunction with that

of division must remain as already determined; so we have left the

outgoing feeder and main. See (/) and (f).

trolley
Id be nse.

less than 000
Ans.

For the former, wa may use two wires in parallel. Nos. 3 and 4,
the combined area being 94,37(1 circular mils, which cvill transmit the

necessary current at a rise of temperature of 30°, The drop will
then be

''“'Ll! tl."
Fi,, i«

sections in divisuin i, track,
of railroad is 3 miles, c o an divisn”'
mile, and 1(1 cars are m ,
each, what will be the sue all
being used, and a drop of u ^ ^ ^ track
NO-

i;:'7 LL-.,
resistance on the hist cu _

irl.i *

: oo amperes
t [rolley wire

3. i stance
. cui

?
^ _ 12.05 X 140 X 1,200 2,024,400

94,37(1 “ 94,370

With the same rise of temperature in the main, the drop -would
exceed the limit, but evith a rise of 20°, No. 4 wire will carry the
current, and

(^■)= 21.45 volts.
oft at

^ _ 5.8 X 70 X 2,10f) 852,000
41/742 = -rr=rv= = 20.42 volts.41,742
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"■ " fill"!,
irder may be spi. d

held on

SenasanSf’ tl,ewKen ab an end load at a distance S\A current may be

that the jrroove may become
wlieel to run on its flange,

down on the ties, as shown m

Liv. J. Feeder, 4,520 ft.; \o. oooo.
Main, :},:m )
Main, \

Idv. 2. Feeder, 12,-I48 ft. ;

The bo.\- gir

in the illustration, orXo. 0.

X<>. 0.

area, :i5(!,(!()S circ. mil.'^.

Main, 2,20:{ ft. each side; Xo. 0.

each side;An.s.

raise it or 4 inches. i

A light form of side-
bearing girder rail is

10:51,

TR.VCK CONSTI^CCTIO.X.
.

<. *■

shown in hhg.

witit slightly curved
channel jilatcs/, /' to
I)ind the rails to

gether at the joints. ' '

. t ■f

I'OIi.MS OF KAII,.
■

rO

2570. Substantial track construction is of supreme im-
portance in electric railway work. The roadbed can not be

00 care u y built, and it is well to follow, in general, the

)est steam railroad practice when large lines are projected,
ioe most satisfactory rail has been found to be the T rail.

5

FIG. 1031.

They are laid upon supported on cro
longitudinal stringers m tl ^ secured by the angl<
ties, or sleepers, />, to which ^^J^'jy^^^j^aation for the
plates w, ///' by sinking down. stones covered
is composed of a layer of which the ties aie

laid; additional gravel IS hlled
and the paving atones are set 01 rTthere

Rails are made of in f -Tri^
being, for heavy cars, about ^ '‘"V't iMviU not
is room for the paving b oc go tha
ports. The base of the m. go shaped at
cut into the ties; the and the tram^^^^

■ str»“S' run

nd head ia
,vide,tl.ef“'

1

I

I
A

D C

I

wheel will be directly over

be too wide, unless made ^ ei}
tilting of the rail when n

The difference in height Dm. ^ m.
ally about 1^ in., the hear re
2\- to 3, and the base equa

I heavy

i r ano

D
Fig. 1030. two.

such as is used
, steam roads, but this can not be used in

pavec streets, and the girder rail takes its place. Of this

lere are many different designs. In Fig. 1030, A is a cen-

side-bearing, C a grooved, and D a bo.x
a T rail is shown at E.

simpl®

? that is,
modern
edby

criiVKS- s
,V. rail'V-'^y

corners
more

are forbt

of electr>e
street2.S7I. I" 'I'” “j'OSuliug »alone were used radiiis,

laid out tvith a ringlu

ter-bearing, B
girder rail;
rail is most

a

● but
The side-bearing girder

employed for city lines; the grooved form is a
ype w 1C 1 presents least obstruction to the wheels of wagons

curves

they wmre

practice employs

These
,-es.

\
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feet. Fig. 1033 shows a
In both cases the initial
„d the remaining curves

acliiisaiicl the radius
forming the junc-

,f 05 feet, ●

combining curves of different radii, so that the entrance of

the car into the curve shall be gradual, and a sudden shock

avoided, ffdie theoretically correct method of laving out a

curve would be to make a true spiral connection between

the end of the straight track (called the tangent) and the

center of the curve, but this would be practically impossible.

Some engineers advocate a near approach to such practice,
by starting with a radius of some GOO feet or more, and

changing the radius every two feet, as measured along the

track, when laying out the approach to a main curve of,

perhaps, 35 feet radius. Such frequent change of radius

and 55respectively, of 100, 75,
transition with only two curves,

a radius of 100 feet, acurve has

should be divided equally between that r
Thus, for the curve

35-ft. curves, :i
of the main curve,

lion of the 100-ft. and

ubout midway between

radius <

is taken.
these numbers, is

li.vn. HOXHS-

The electrical conncctioii ^ jjiectric welding
rails must be as nearly perfect as possi ) making
is probably one of the most satis ac j.ji,ie,
the connection, but where this is n< copper wire, pi®

, be of No. 4 13. cx ● j„to holes
and

2572.

T

a

® -J ,

' V
/ are used,

vided with riveting terminals v
in the web, in the rails )t,

These ma)

a'-’

/ r
T.

SZ2
w w7T

100^> lOQ— w

L- 23

1/ r
[X)

JL
X2Z w

w

I
I

T

should
nd, to

holes

the pF’^’
allei

FIG. ic-u- theII ction
ood conitec

inserting
trifle sin

a

To ensure a gheaded

be reamed out just previous
allow for this, should be ^ , ,^per
finished size. Itwillbe fouiu f		
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would be very difficult for a trackman to accomplish, and

would probably not be done; it is sufficient to change the
radius at distances equal to the length of the wheel base, an

initial [radius of 100 feet being large enough for street rail

way work. It is not easy to construct switches for a greater

radius, and since they are used on probably fifty per cent,

of the curves, this must be taken into consideration. In

Fig. 1032 are shown the transition curves for a main radius

or length of curve having the same
radius, is about equal to the wheel base of the cars, and there

are three curves completing the transition, having radii,

I
a

ill. bethe m

- more
to the bond wires, one oi

run the whole length of the
This is useful ineach rail r.

if they alone were to be
introduce a large resistance m

thods of nr
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aking used:of 35 feet. Each chord
muchure shown different me

the return wires.

Solid bonds of the type
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in Fig-
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In applying this bond, the enlarged ends a, a are inserted
into the holes in the rails, and taper plugs b, b are driven in,

VI'ATIO^-
Tin: i»o\vi:k

AM.ATlO.N-

station is
aratiis

»I..VN or INS'I building m-
a

LiH! £TH
a cr

necessary to
and its

Pile railway po" ^
tended for the reception of all ‘ power
the economical and reliable ‘ ^. j„j;niission tlmmg i
ln,nsf„n.K,tio„i,.lo electric onergy fort,
outside circuits to the cai motors

build a

257IL
-y-- ' '

b

iQ)	 ■ij]—[Qj b

It IS
Fig. l(m.

which expand the copper heads so that they fit tightly in
the hole in the rail, the edge being then hammered down.

A cast-welded joint is shown in Fig. lOoC). The rails are

held in a special clamp at the joint forming a mold, and into

this is poured molten iron which,
if the rail is first carefully

cleaned, makes a joint mechan

ically strong and electrically of
high conductivity. The cast iron

{i in the figure) is approximately
100 pounds in weight, and covers the rails for a length of
10 or 12 inches.

A form of bond entirely different from the preceding is
the plastic bond. Fig. 10:57. Near the ends of two abut
ting r^vUs are drilled

shallow holes, enter

ing diagonally down
wards into the junc
tion of the web and

base. These are filled with a special mercury amalgam, and
a U-shaped bridge / of amalgamated copper fits loosely into
these holes, and is held in position by the fish-plate,
method of making contact between the rails is said to pro

duce a more perfect joint than any other method, the con

ductivity being etpial to that of the rail itself.

In the matter of placing joints, whether opposite each
other or broken, there is a wide difference of opinion among

engineers, and much to be said on both sides,

almost universally followed in this country is to lay broken
joints.
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l,c laid out on one
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; tlie first row and
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considerable extension, and ina>,
. of space may
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A simple example of such an installation is shownservice,

in Fij^. 10:58, the lower view beinjr an elevation; the enj^ines

are on the lower floor, the countershaft c on the upper floor
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A diagram of the arrangement
ru-o mains ;//, ///. ll^rs to the

leaders passing through
connecting pipes, it

the two mams;
the end, and

graphically, and will, in this case, be at the point marked

P. S., which determines the location of the power station.
There are still the other

of size of pipes.
I'ig. lO I'l.

boiler I'oom, Ijeing connected on
boilers a, b, c, and on the other to
the fire wall iv to the engines. T

governing factors to be considered,
and tlie matter (A coal andnamely, the cost of land,

water .Mipply. TheseIf real estate in that particular neigh
borhood were cheap, it might be well to build there, but

such an advantage may be
venience and e.xpense in coal transportation,
count a water front is a desirable location; for coal may then

be unloaded from barges, and brought on cars over a special
track direct to the boiler

will be seen, are all in pairs, at
each one is provided with athan olYsct b}' incon-

On this ac-

more

I
1
I
Iroom; and water for the boilers

and for condensing purposes may be obtained at a cost not

exceeding that of the necessary pumping outfit.
5

S5.

I1iSTKA.M

I
,2576. The steam piping for the station should

receive the most careful thought, as it is of the greatest
importance, and upon its correct design will depend the
prime requisite of successful operation, which is that, under
no circumstances, should there be failure of the current sup

ply to the line.

I .VI

II
Ii
I
iii

Cl

iThe engines must be kept turning all the
time, e.xcept during those few hours when, in the case of
some roads, the cars arc not required to run. The simplest
means of connection is to supply steam to each engine from

an independent boiler; but the objection to this is that in
the event of trouble with any boiler, necessitating repairs,
its engine would also be put out of
this difficulty, the boilers might all be connected together

by a steam main, as at 7/q Fig. Kjqi; this is provided with
gate valves z\ v, which, with the valves z\ at the engines
and those at the boilers rq, afford a means of disconnecting
any engine or boiler without affecting the rest of the plant.
This system is the cheapest reliable one, but it is not the
best, because there is no duplication of the pipes, and if one
were to burst or otherwise get out of order, the engine or

boiler connected to it would be put out of service.
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ITo overcome Viservice.

FIG. W- , ... -iL the drum
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2577. There are two principal methods of installing a
rluplicate system, and they differ at first sight only in point

t
two

1
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.system i.s considerably alio h. open
use.l, an.l repairs are more of pipes alone for
that an eiii-ineer will hal)iUK - compels Inm to close

lorn.- period, and when a ● . auxiliary pip'»i?
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;ited thron.^d^ rust or 1
advantage

of such size that one set alone will carry the steam for the
engines, and the duplicate piping is held as a reserve, while
in the other the j)ipes are of smaller size and are in use
the time, their combined area of cross-section being neces-

saiy for delivering the steam at the determined pressure.

The first system is employed cjuite frequently, but has,
nevertheless, many disadvantages. It is impossible to kee[)
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the valves connecting with the reserve piping
tightly that no steam will leak past, and there is always a
pressure indicated on the gauge. The exposure of all this
surface to condensation, even though pi'otected by non
conducting covering, entails a continual waste of energy,
and the drips always have to be left open to prevent the
pipes filling up with water. Then, the first cost of such a

are

the latter *
limited,

closed so vei'tic

it

score
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