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the cu
thencer:}frsllgi“;iet% i’don motor 7' and to & on motor 7,
%, respectively ’I‘h»c I'nag.ncts to 6 and 5, then to # and
s Show.n e _("I‘C\'crsmg S\\.‘IFCh at this part of the
2 o it l.ts.mld(.llc position; if the cord 7, n' be
MR Db £ mslulatn,mg bars /, /' are carried to the
Wy i and p 'm?lnt(} f, ¢ and f’ will make contact with
PO chon/ 2 ’5, e current will pass through / and W
, 0" of tfle motors, and back to 7, /' and the

3

Fi16G. 1004,

ground /. I’
, /7". When the reversing switch is moved to the

left, it wi

ver;elg,\:lllbzusrizntthat t},le armature connections are Ti€q
changed. The lasr‘lt el-—ltermg gtf.g, g’; the fields ar<'3 ur.l-
at 7, allowing the CLPOInt on the rheostat breaks the c'1rc.ul.t
ding at 2.and goin lrrent to pass directly from @ to?, divi-
4, through a porti £ t01, 0, and 10, and to 5, also to 8 and 10
the field-turns weaké(r)ls tt};e felin g0 Cuttin.g out some 0
speed of the armatures, e magnets, thereby increasing the
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ELECTRIC HEATERS.

‘ 2551. The use of coal stoves in cars is attended with
disadvantages in the way of useful space occupied, the con-
stant attention required, and the coal dust and ashes scat-
tered round. All these objections are overcome in the use

of electric heaters; but there remains a serious drawback in
the operating expense, which is at least three to four times
Many railway managers nevertheless
account of its popularity and

the fact that no space is required for the installation which
the accommodation of passengers.
1 of a car, with the wiring

aced under the seats near

that of coal stoves.
adopt the electric system on

might be devoted to
In Fig. 1005 is shown the plar
for the heaters /%, which are pl
the wheel boxes ww. Heat is generated by passing a cur-

rent through a wire of high resistance embedded in enamel,
e
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F16G. 1005.
ture, which prevents oxida-
air from its surface. The

r substance of similar na
jons ¢ cast on it, in

ding all
as project

or othe
tion of the wire by exclu
outside of the metal case h \ d
order to present a greater surface to the air. A switch 18
provided, by means of which the heaters are connected' a}l
in series, in series parallel, or cut out.entlrely. .The ;erlglb-
parallel coupling is obtained by moving the S“fltCh. andle

¢t with 7, and %

ards so that the lever / will make contac 2
then becomes: From the trolley to 1 to %,

and passing through the upper hez}ters
viewed from the switch) tod 727 2 to
gh 7/, the lower heaters todny?
tch handle is thrown over so that
the heaters are connected
y are cut out of circuit.

upw
with 7. The circuit
dividing at this point
(thatis, on the right when
also from 4 throt

When the swi .
t with 7,
hown the

ground ;

and ground.
the lever / makes contac

in series, At the position s
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WIRING.
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parallel controller is giv The motors [/
er is fiaa AT ko Sal

1 ; given in Fig. 1006. mot 1,

M, are shown in dotted outline, and the wires are put in

ELECTRIC RAILWAYS. (e

There are two principal circuits branch-
on the roof wiring) close to the base of
nt from the line. From a
5 and lamps ¢ to
other

in heavy lines.

ing at @ (a point
the trolley 7 which takes curre
the fusible cut-out

d to the ground; the
s to /%, where a

one circuit is through
U.lc wire g which is connecte
circuit is through the canopy switches S,

1e lightning arrester /,

shunt is carried to one side of tl
the other side being grounded. The main current passes
e fuse box f, thence to the

through the choking coil % to th

controllers ¢ and motors, as already described in Arts.
2546 and 2547. All these wires are punched and wound
a single cable d, an arrangement redu-
cing their liability to injury. The connections to the

indicated . at: &G and a,+, %
e fields are shown at Vi S

hoking coil % consists simply ©
a wooden cylinder. This
the passage of a light-
h self-induction of the

over so as to make

armatures are
the connections to th
ahd 7, - it =4 The ¢
a few turns of wire wound over
offers sufficient impediment to stop
ning discharge, owing to the hig ;
oscillatory current, and it will, therefore, force its way
across the air gap between the two plates of the f\r.
rester amd so pass to ground. The rheostat R contains

. . : i as been
the starting resistance A, I A, thelues of which b

explained.
en the wiring diagraim for a

2553. In Fi 1007 is giv i
53 - wIi‘tlhg Y rheogmtic method of control. Ais
a plan of the roof wiring, £ an end view o,f the sam«:,hz?mse
the general wiring to the motors @ and @ Fro;lgrs v
of the trolley pole 7, the current for th(;) nTo R g
through the canopy switches ¢, & ohilss Q:hfro’ugh y or
lightning arrester ¢, t0 the rheostd bach

i armatures, an
x to the field terminals,

rms at ky K3
The contro.llells i and carry at
tical shalts

ground.
these are simply ver N L S esastia TOPS which
3 thic 1S e L €V <
the lower end a wheel to W hich SOt Jengths
¢ wheel © iable to wear:
manner

of chain are introduced at the ‘
is operatcd after

The reversing switch &1 ;

car equippe

t m;

gwiteh,
platfo

passes around th
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S 'e of
ame reference letters :lppl}' :
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by ¢ :
‘1sutz;:cdlnil:pil]ld.ul]t lever, the ends of the cord being
aah PLCH ltchcc.\'crfs u shown. The lighting circuit
and, Fuses o il “\t()‘l wire, passes through the switch &
et II; thc‘ H(AILI 'cnd of the car, the l'amps being
center is a cluster of lamps 7, and at the
with a

ends / are additi
are additional ones, used as pilot lamps,
On the plan 4 of the roof wiring,

colore

olored glass outside.

at the points 5, 7 the

wires ar Tl s 5 4

i I'C'Cdlll()d down the side of the car, their direction

g easily seen from the other views.

(LOBTERER

F POWER sUPPLY.

SYSTEM O

ION.

E CONSTRUCT
s the setting

uction include
guard wires

OVERHEAD LIN
111)2(?f°£lh-c tC?vcrhcad. line (?OllStI‘ ! |
R el 1011.cy wire, with s'p:m wires, § ; :]‘le
fCCdc;; 5_90_“_1)]111?,' devices, 'smt?hes, and insulators: ’J.w
. 1L ’L;” WILSS communicating dlrec‘tly .bet\\.'een th'e genera-
at the station and the yarious distributing points, may

?1‘;' (tllleliul -overhcad or laid undcrground, as most COl‘lVCI.liCllt.
Tk atter c.ase they must be protccted_ from z?brasmfl, a
ad sheath being frequently employed outside the insulation.
lest the cov

Gr g i
: ‘eat care should be taken in handling, ering be
1jured or broken, which would allow moisture to enter an

gradually develop a fault.
There are three styles

may be suspended directly from br
ouble track m

side of the road; or a d
ce i i

.Lnter poles carrying the wires on
sides; or the poles may be placed

for trolley wires: They
oles at the

of support
vided with

and the trolley wire suppor

Fompe This last method is most common,

is no obstruction in the roadway, a5 in the centcr-pc{ie

construction, and because the side o8 oadonlyyeas e
localities, as 4 country

us :
ed for the track In some

road.

o) 5
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2555
SS8. .Ti
- 1e
S poles may
iy country roads, we 1y be of steel, iron
st ); are used frcq,t voden poles are ger , or wood. For
o g Nt T i nerally se
sectiolf)‘ll“f-S are much h]} In city streets '1lt)} e
‘ oL . oresdas; s, although i
m of i esirable i SR
constructi iron tut S i
uction ubular pol S
' 1 ] « SNows
c . , (@) bein e pole adaptable O
(@) the shan. wit g the side-pole ptable to any type of
e method. TI ' (/)) the cente Ak
3 1€ poles are about 3 r-pole, and
€ it 30 fe
et lon
g,

FiG. 1008

the low
g er secti :
1 inch s on bein :
telesil Stailer, Succegz:;i6 or 8 inches diamet :
B omepiie at A G i et er, and the others
and ]glf()le is sunk int‘ 1}]8 inches in ler;gtfl gach other Witlll
; ed aro 0 the ground - The low
in settin und with ¢ to a depth e
g, for tl ement. Al of 6.or 7 f
must sls 1€ strai lowa feet
st slant away frorr?ln of the wires : andnce must be Inadc’
the track abo’ut 5 i;h‘;top of the pol(;
ches, whe
n span
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wires are t«
S ) be use i
used. At (d)isan enlarged view of the top of

])()]c ) s e y
£, su1()13(,)1‘111((1)::1lll1£f\\-tllc] In.\‘ll]zltcd 1
carrying the tensi yoden block sand
flicepan i sion bolt # to which
e L is secured. The cross-
rent at (lis‘t:b fCC(l?l-s to supply cur-
also be ut‘ili‘yn-t] I.)()lnt-“; the pole may
T F:(—( to C‘arry an arc lamp,
3 tens,ion blg.-lu(,)h (a). Instead of
Bkl o “’IF, a ratchet may be
a, Fig. 1()()()1L sl % the pole; 588
tcl'bilklzumc(i’ Iflovuled with a coutl-

ed pawl & engaging with
The base ¢ has flaring

the teeth.
sides ; ]
to shed rain, and fits into the

il]Slllilt,. I a
mn Vv
1 g A Oodell blOCk {l,. ) 0 L

atchet

lSll]lqghtly modified form the T
ay be fastened to the side of the
lted to @

F1G. 1009.

ole i
pole at any point, or bo

wooden pole.
ole construction, it

ort for the trolley
which pre-

cket and center-p

2556G. In both bra
2 flexible supp

is now the practice to use
wire hangerl,
vents the destructive ham-
mer blow of the passing
trolley wheel and reduces
 the sparking: Such an ar-
¥ rangement is shown il Fig.
1010, which represents the
form ased  for the side-
span wi i & 10_10' pracket coxlstrtlf:tion.
t\veenvwe 7U.holdmg the hanger /% is stretcllt?d tightly be
2 two insulators 7 7/, the outer one peing secured to
racket & and the inner one held by @ clamp on the frame-
:)vork' In. the center-pole construction he brackets exten
n both sides, and when the pole is of wool, a2 hole may be
ive the span wire.

bored through it to recet
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2557. W
. ooden Ry
but when they are )]p-“]Lh are generally set without ¢
span wires‘_strctchci] aced at the side of the stre YR
take the pressure du across, large stones S‘ll()l;l(l }Lt R
AN < 1¢ to the il e used t
placed at th e pull of the wi i
¢ e base of t} the wires, some bei
near the surf e pole away f e cing
: : ace of the y from the track, others
A piece of ti e ground at the si , others
timber may y 1e side towards the tr
track side nay be substituted Sitietnack:
: and s ed for the s "
section zl‘he s Sht{m](l be about 3 feet long t()]n:“ on the
. slant of a w gand 4" X 8" i
that of an ; a wooden pole s 8" in
an iron pol pole should be ab
Bl S pole, and when i - about double
s y tamped a A n position the ground
StoE s 1 around it to make a fir ground must
: > bottom sh 1 ake a firm bed. The diz
ing to 6 or 7 should be not less th: 5 diam-
inches at ss than 10 inches, t
shape. Th s at the top, whicl s, taper-
- e P()lc frc ’ ch may be cut to a coni
octagonal. T : om  the ground a conical
y - It will be d up may be r 4
in cost of renewal 1-'bcl found to effect a cons'i(}l rcl lmun(1 i
y al, and als siderable savin
give the pol 4 SO to prevent | £
€ one ¢ Lok s nt leakage of ‘re .
servative compm_m)fl tt“O coats of paint, "I)Ptiyin Cslurgnt, to
. P s S(

' Steel poles are ]n'ld() that part which is to be ungder)::‘c o
riveted together ’lt‘gh(’ t(:’f sheet metal, of channel :c()tu'nd.
and ma at short intervals thr 3 ction,

ay have a fl; i als throughot :
: d at AR T 1t their ler
1t.1he3 being like a dm?llfgc[)thlough the middle, the se::%itcl]r;
sed, maki . Lattice w <7 :
i’ ing a v attice work is als
painted inside andery neat and strong pole, whi :O largely
(6 T s out, and is easil ¢ ) ch can be
wires ma easily climbed when ne
contact between a gal?'e required for city lines, to et
and the trolley wir ing  telephone (or electric I hprevent
q €2 5 1ight i
or 15 inches above th These guard wires are sus)g (; Wi
span wires attached te throlley wire, and are supI ente(;l 110
the troll 0 the poles § REERORLEEL LY
trolley spans. pedeg the same distance ¢
ble intervals to sccu?nchor wires must be provided (;i dbf)ve
e : -
event of the connecti the trolley wire against fallin .Smta
precaution was 1on at one end giving wa B 20, Whe
s adopted, there were inﬂ;t'lllz" fefOI'e g
stances of a whole

System being incapacita

. in i a trolle

iy g pacitated through the breaking of a trolley
a tro

2858: T
(S ) he e
track is sho -8 neral arrangem g
s shown in Fi ent of wiring for :
1g. 1011. The poles p are plt'zcc(:lrr’l1 CtIOUbIC
g aced not more
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than 125 fee
on )(N]‘L.') feet apart measured along the road, and between
posite poles are stretched the span wires s. At intervals
]

Bl ° » »
P 1 T\

J J I’SJV“/ JP \GJ", \ JD

>p b
FiG. 1011.

o all curves, anchor

of about 500 feet, and at the approach t
he trolley wire by

wires @ are :
es @ are put up, being secured to t

hangers /.
2559. The method of setting up" the trolley wire on
curves is shown in Fig. 1012, where A represents the

'

ey WiI'C t,

FIG. 1012.
to the troll ;
d to bring

attache
1ckles J» are us€

arrangement of guy wires g,
Turnbt

when a single pole is used.
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the wires
s to the
roper tensi
proper tension, and anchor wires @ t
s a to sup-

port the troll i
ey wire :
y wire at the beginning of the tan
{ angent or

straight porti
ortion. A flexi
at/ Bl whete a: haay flexible method of suspension is gi
this-for avy span wire s | : ) 1s given
s—torm-of cons : 1lds up the '
struct . ] e ouy wires:
the spa . >tion tends t - guy wires;
span wires : s to equalize the strai
s, and is 5 4 1€ strains
other, which is’ the % gtncrally adopted in place “;S e
shown at (| the diff original method. A dnublt i
{ € 1 . e curve is
letters as i rent wires being desi , urve is
s in the precedi g designated by the same
ing lay-outs 1 same
s, and the poles by 2.

2560. In ro i
unding af?;lr\’e, the trolley wire does not
r(;“:wallzc' f‘.(.:l]tc}' line between the
e ;)y anl's carried over to the in-
e :;n;;unt depending upon
e 1 ! 1c.: (:ur'\'e. This vari-
;he Cu.r ? 10wn in Fig. 1013, where
e ruil\ge '1711(115 fthtcl celx?ter line of

: s, ¢ the line of tl

;(t)lllege’\l\;lre. The amount of ()flf(i
goo,cur;(;l’ilt‘etdh at t.he .middle of a
£ arm‘;q i e point indicated by
s in the figure, is as

FIG. 1013,
e follows for curves of different radii:
2210 SN oy -
o A M AR 16 inches.
BT e 13 inches.
e LRI 12 inches.
) Sa TR A 8 inches.
g NG 6 inches.
SR e 5 inches.
Sl S R 4 inches.
................ 3 inches.

The object of thi )
more closely to ttlillz 01Ef-set s allow the trolley wheel to i
ol S i i wire ; t'hIS it would not do if tl .le
lie across the ;Vi:e C(;-nter line, since the wheel wou;(el ‘3’1“3
wear in passing ro diagonally, causing a large amot tlen
und the curve. In some old line]snth(i)i
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CH.CCt is plainly visible, the wire showing splices at various
points where breaks have occurred.

__The size of the trolle
f traffic, but it should
l-drawn copper. The
8 B. &S. steel gal-
t be less than

y wire

) =4 " "
2561. Erection of Line.
yon conditions O

0 B. & S. harc
e of No.
ires should no

depends somewhat uf
never be less than No.

guard wire, when used, may b

FIG. 1014
The trolley wire
hen in positivn.
o stretch the
st be as perfect as
Jaces, first, at or
e in the span
ne form

suitable

galvanized.
bove the track w
a line is t

No. 5 B. & S. steel wire,
should hang about 19 feet a

The first proceeding in putting up
as the ipsulation mu
e emp]oyed in two P

near the pole, and second, in the hanger Thos :
ain insulators, an {lustration ot ©
Jobe of some

4, where isag

span wires across, and,
possible, insulators ar

wire are called str
being given in Fig. 101

insulating material, suc X
are secured theeye ¢ and the bolt §3 4
connects the bolts § and s,
threads for 1€ ulatin the -
g Bl i henyasid

fastened to the ends at &, ¢



736 ELECTRIC RAILWAYS.

turnbuckle is unnecessary, and the insulator is simply in the
form of a globe with two eye-bolts, or an insulating cylinder
with-the-two bolts.

When the span wires are in position, the next 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 7z, and over the center ate. A swivel joint at @ permits
of proper adjustment, and below the cup insulator 7z is a
pivot 2, allowing a longitudinal swing. A clamp & holds the
trolley wire Z either by having its edges pressed firmly over
the wire or by soldering. Another form of hanger is illus-
trated in Fig. 1016,
in which the trolley
wire is held by a
clamp a set up by
means of screws.
The span wire passes
under the ears &, &,
and liesin the groove
¢, being held in place
by its own tension.
e = The central bolt & is

FIG. 1016. 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 ¢
allows of motion,' as in the preceding case.

In putting up the trolley wire, the end is first anchored,

3 (@) }
Fi6. 1017,

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. In rounding a curve thé wire is first stretched

-3
-3
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1chored, after which 'thf{:
ached. For cqr\'ca (:1
1 Fig. 101715ERe R
which is fastene

g the trolley-
“tower
ported

in temporary wire slings and al,
amps, are attac
s given 1
e eye ¢, .
arryin
erations @

latform SUp
access to the

as to PrOJeCt
and clear of
Lot interfere

hangers, or pull-over cl
small radius, a form such as lth
The span wire is attached to T
[ i ) > arl
by the insulating piece # L0 tIl;cr A
wire clamp & pivoted at d. or s e
which consists 14
ght for read)

arranged
r may St

wagon ' is used, ;
5 ient hel
a convenien

senerally SO
f=] ) t g
at the Jatte
in progress
e, the

on a wagon, at g
wires. This platform 15
beyond the wagon, sO th
the tracks while 1'cpzlirs'urc Ok
with regular traffic. When no

be lowered to the wagon. __At the point

S VvEeS- 3 'y
ines and Cur head gwitches,

2562. Branch L | another, V€T | frorl 01
where one line branches fr«)? e trolley whee
i . » are used to guide ’
or ‘‘frogs,” are u e@f‘d o

daW‘ S

c'
@
in
FiG. 1018. 1018the
) %
tch 1 ew f
ich a sW1 (7)2 ¢ each
i he other. SU R at
WIr'elto t is a view from the Sld'e’c g edg® /7 S innel
i 1>is a plate with prol » and 7 7% the lower
b'oltmmi b{;’il"lIIY'g"‘)()ved e 1at jstan ] rut straight
side and spirally ] ;
surface of the plateaisls ; irO ley whe ‘r late, & i
‘ that the ile und® chang®

surface of the €ars Bee
through, bearing On .1tbt0
passing from one wire civess
vertical position. The !

es wil } t an .
ﬁa?g other Wlthouured b PasSlng
the geCuie™

! are
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[ 2o E .
(/ I(x R[\IL v

them
over tl
i 1€ ears
in $alg ars, anc Rl
the plate and be and bringing the
span wires ar bending them back ends throuch hol
b s are connected ack = oles
single branch ma lbLLtLd at the rinQ’
7 . < ” gs / G,
2, and Narrowin ry ¢ made by leaving A switch for a
The positi g the plate accord; 1g out one of the ‘
sition f accordingly > ears
shown i A or the fro £ ‘
in Fig. 1019, wh g may be found by
» where @ b is the mai )] the method
ain line, ¢
, ¢ d the

as at & or d'- the

)

bivt

F1G. 1019,

branch >
lln 1o
trolley wi €, @' b*the main t
» Y wire. The cent trolley wire and ¢ ¢
(Il)eg,lﬁ t' where the lin(:se[j' ¥ s tria“gle 7 1[ ¢ the branch
ermines th 1sectin x e will 1
e positi g eacl he at a
moved from th p‘()bmon of the fro 1 angle meet, and thi
Upon cu e center lines of tl g. It will be a littl] his
rves of large radi 1€ tracks. tle re-
o luS

doubl
ecla oS
mp ¢, as shov : ’ 1t 1S necess
vn in Fig essary to use
. a

10
20, the span wires being
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intersccti ;
o ‘,“”“ of two trolley lines, a cross-over is used similar
ciple to the overhead switch, Fig. 1018.
2563. Section i
3. Section insulators are used at the junction of
are supplied by separate feed
One form is shown in Fig.
the trolley wire is un-
y wheel to run smoothly across
one piece between the

ks a, @ and over the

t\\.'(, divisions when they
‘l‘(l.i)‘t.‘s flil'cct from the st’utiun.
: T-l, in which the direct
yroken, allowing the trolle

the i

insulator . L
nsulator. The span wire 1510
hoo

line of

poles, and is slipped under the

L

T

Fic. 1021
bolts ¢, €

wires
d at

ator £ ¢ and
11 of the trolley
the clamps d,
re held by the set-

not . §
b l('lzh at 4. A double strain insul
old the par -
: d the parts together against the PU
rom the . .
m the two sections, which pass unde

each end, through the holes 7, %, and a
The end castings 8¢ pro
connection ma
f wood, well
serted at @ w.
al method of splicing
Union, joint,

I

SCrews Ok

ar sat_cor .

: 1d set-screws, by which

eeders ¢ 8

5 ders. Distance pieces ©
sorption of moisture, are in

__Theusu
» or Western

2564. Wire Splicing:
« telegraph,

overhead wires is the

i VA . 2 J v
Fig. 1022, in which the wires are wrapped o7 s
ged as @ flux inste? of acid,

and s o .
soldered. Rosin should be u

45 acid will in time €O
0 o | -
joint for trolley wires i t

hat it
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the trolley wheel, :
Shich )i’s 4 :th,rfd!l('l other devices have been adopted
W oanod ’i:)l;lt, at least six inches long Ll‘ilrc( ) ‘),hc
;I;]hc e et (‘)f1(t]]::-rj;1[;[)tq with tinned b?é(lh{? \1:1)13,
e ends of the SEREY ] n.- is then filled in wi s 2
Pr.oc.ess by meat;:“:f) \lHrL being held firmly ulr\(‘,:lt.lrlh::ld:].l’,
joining, which is mor X _“'(,rtf\\’ clamp. Another n:cth( 1 "1:
a brass tubular cor b readily accomplished, is by the )(~ 5
i AT 1nector, as shown in Fig. 1“.)4. l]m. lls? of
at each end and bent up :hmu\«r-]y ~m i
¢h the open-

i — -
1 ©
FiG. 1024,

, @; the remaini
aini e
solder, and the ends fng~sl)390 is then filled with melted
has proved very s R A L€ trimmed off. This !
y satisfactory in servi ; W e o
, service.

2565. F

J eceders.—It is verv i

on an jélectric road sho {t is very important that the E. M. F

as possible throu h uld be maintained as nearly co.nst" t

wire being usu'm{;j t()llt tthe whole system, and the trol‘lmy

cables are G ar too small t : X

run to vari > o accomplish this, ex

arious points along the line. The,sg‘\'tul:z

r

called feed
ers, and their si
Tt ‘ ir size and distributio
) feed(:-zs used and the length of the r(jlac(llepend KPEAE
eders ma .

% 7y buty be supported on the-side poles, or
nection to th(; trollare ff'equently laid underground’ C 3
I attcy }:wrc is made by using a harci-dr"tc\)\i;
e :C ed to a non-insulating hanger ¢ i*“ir
span wire the feeder ;)olle.y .wire z; at the other end O,f tﬁ’e
it ol is joined on, and a strain i

between it and the p;)le vk Oriu':;lms's;l]ator(f,

; e other side
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iSZl reo t+eel en? .
i :,ul.ar steel span wire between the pole 2 and the hanger,
with an insulator at a.

42 .

T'he simplest method of line constru
onductor and f

ction is to use asingle
eeder; but, with a
d of the line would
be more satis-
at various
nt with

;\ ire, serving as working ¢

eav ‘ the drop i .

; wy load, the drop 1n potentlal at theen
considerable. It is evident that it would

f( > -\ . . .
actory to putiup & cable alongside, tapping it
points along the route, as this will carry the curre

Such an arrangement is

less loss than the trolley wire.
shown in Fig. 1026, where m 7 18 the trolley wire, @ 0 the

a

m

Fi1G. 1026.

The power sta-
If the

t connections-
d of the line.

feeder, and £, f the diferen
tion is supposed to be at 9,
trolley line were divided intod
each connected at its center tot
the drop in potential at any point wou

a
s .
e L )

c
' FIG. 1027
i at point
feeder and that portion of the trolley lin€ petween that plon
In case of fire at any place & g
jstrict without

and the connecting wire. )
the route, the power can pe shut off 12

FI1G. 1028

f the line, 50

arts O
are Jocatl

disturbing the other P
These switches

not entirely stopped.
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at the point of connection to the feeder, and insulators are
placed between sections, as at 7, ;.

Théarrangement shown in Fig. 1028 constitutes the feeder
and main system. This system, it will be seen, is an ampli-
fication of Fig. 1027. The feeders are ¢ & and ¢ f, and are
distinguished from the mains @ b, 7 7 in that they are tapped
for current at no points save at the ends, while connections
72, i, ete., are made between the mains and trolley wires,
wherever they may be required.

CALCULATION OF TROLLEY WIRES AND FEEDERS.

2566. There is an important condition upon which the
size of the supply wires is based, namely, that the difference
in potential between the trolley wire and the track shall have
a certain minimum and a certain average value. To obtain
this result, the drop in the line must not be allowed to ex-
ceed a certain amount, and will 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 &
the resistanc, in ohms, of the conductor; 7, its length in
feet; ¢, the drop in volts; C; the current, and &2, the area
of conductor in circular mils, or one-thousandths of an inch.

The resistance of 1 mile of copper wire at 75° F. is

56,970 ; ;
— ohins; therefore, the resistance of a wire 1 foot long

a5
o, : 56,970 .
nd 1 mil in d 3 S 1, ¢ ( y ot ol
an mil 1n diameter is 5,280 X 4° 10.79 ohms, and, since

the resistance varies directly as the length 2 and ilfversel)'
as the area &*
10.79 %D

& 2/

(362.)

That is to say:  7/e resistance of a conductor is equal to
10.79 times the length in feet, divided by the area in circular
mals.

FAVC w43
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4 M’XD; whence,

3y Ohm's law, R = é:, therefore YA

= 1079 CD RN EEE

(2

s : Is s equal
The cross-sectional area of @ wire in €17 ni./,{;;,:”(;ud the dis-
20 10.79 times the product of the (‘1/;';1-)1/][0“ S
lance in feet, divided by the drop in wolls.
10.79CD  (364.)

Also, = a° 0 10.79

or 1S (‘q”(’
[(7/,({11[/ (I]”[/{)r’

The drop in wvoltage along a@ 7 the length of cor
limes the product of the current anc s

A L ll - nls. !
divided by the area in zzuzt/a'/ m he required ared of co
Formula 363, while giving the

a do s
in volts,
: and loss ) ‘
ductor for any qivc]l lCl]g-th, mur(.‘,n‘t,n. e the resistance |
= 2 71810 - : at-
makg i 1d earth, which is a mé
’ !

TN i
nless the line 1s tO b
: ar-
ation, and the cha ]
« v
a cas
imi In such &
< gimilar. A4
acteristics of ground and track are 3 s muclltlphin
st 1 return as itei ol 4
the resistance of the grounc

rable
_ i ass throug llowa
by the total current to p btraCted from t . the formula.
volts, which can then be st Ly

: lie
- der app ady
drop, and the value of the remain g supply Jipe
There are, broadly, two classe
I )

i i 1e load is at one (Zisé
considered, namely, those 11t wl?lii-libtlllted v T; ttiouey
and those having a uniform'ly dis Connections e :lass i
class belong all feeders having r}ot. i e
wire or mains except at one point;

not, as we have seen, ‘s a
the return path through t.he ralﬂb 1‘cc u
ter not easily determined in adh'”_n (;pel'
an extension of a system alfcSll

g con-
d mains €
A eders, Al St
included single trolley lines ‘VIthoutlt;'eougliollt 34 ]: gbut
1 : 1g line at many points i n wi hold g‘oot’of a
ne o 1mne @ = 1 L
I]*‘Lo(itt; ‘t(;uts]teof these the formula g1ve! effec
- the fir c
: ca
the second requires dlﬁere-:ttlmt i
uniformly distributed load Ib necessary e
the size of wire that would eedrO )
the end of the line, the saml distri
say then that, for a uniformty )
5.4CD (365-
&l =
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The required area in circular mils of a conductor intended
o carry a uniformly distributed load is equal to 5.} times the
prodwct-of current and length of line in feet, divided by the
drop in volts.

By derivation from the above,

54CD
T (366.)

The drop in volts in an y given line having a distributed
load. s equal to 5.4 times the product of current and length
of line in feet, divided by the area in circular mils.

.2567. There are two questions affecting the size of
wire for overhead power supply—one being a given drop of
potential, and the other a given rise of temperature, and
calculations made from the formulas given for overhead
cpnductors should always be checked by rules based on prac-
tical experience, to ensure the ability of the wire to carry
the current safely. Table 71 gives the current capacity for
several different sizes of wire for a rise in temperature of
10°, 20°, 30°, and 40° C.

The table is applicable alike to uninsulated, bright wires,
suf:h as trolley wires, and to those with an insulating cov-
ering; for, in the latter case, the surface being black radi-
ates heat 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:

Let €' = current in amperes;
4 = diameter of wire in mils,
dﬂ
C=4Y ——. .
1,300 (SO7Z2)
The current whickh a gen wire will carry safely, when
exposed to the air, is equal to the Square root of the quotient

obtained by dividing the cube of the diameter of the wire by
1,800, -

74 &

TABLE

CuRRENT CaPACITY OF OVERHEAD WIRES CORRESPONDING TO A TEMPERATURE RISE OF

10°, 20°, 30°, aND 40° C., RESPECTIVELYV.

ELECTRIC RAILWAYS.

Amperes.

Area in

meter in
Tils, or

1oos Inch.

Dia
Mi
4(
1
2
3
4
5
6
7 1

0
0

000
0
0
60
10 \

\
\
5
5
45
00
5

0 R0°
410 | 570
350 | 490 | ¢
320 | 455
290 | 420 | 520 | 59
265 | 385
240 | 3
220 | 310
000 | 200 | 280
500
000

|

5
5
5
.6
5

Diam-

Circular
Mils

Gauge
Number

Area in
Circular Mils

eter in

|

40

|

e
\

10°

40°

1 o

145

)

i
P

(4

235
20
180
150
130
115
100
87
75

80
50
30
5
100
85
75
64
55

30
30
63
52
45

5
5
98
v

00 | 240
70 | 210
1
1
1
11

14

2
1
12
50
40
35

80 | 110
7

145
25
10
95
0
60
55

1
1
742
102
250
816

A1,
33,
26,

\
3

3,070
105,592
e

52,634

|

3
83,694
66,3

20,

211,600
167,805

1

|
|

0.000
409.640
364.800
324.950

289.300
257.630
229.420

204.310

181.940

162.020

144.280

5

0000

\

5
5

350 | 405
3
\ 3

600 | 700
560 | 64
1

800
650 | 750
390 | 4

700
4
50 \430

180 | 250 | 310
160 | 220 | 270

380 | 530

oo

=l (=)
2g888g88Ra %S
g3ererSdgE R
o'ofo'?gg'“’fﬁgmm&
SR

o o

Inches

\

.9
9
.8
8
R
o1

1
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2568. 1
L4 n our calculati
have considered ;1nCd]ul]dtmnS for size of conduct
P“tent_h at : area sufficient to give . or, we
- alat a temperature of 75° F a“\ e a certain drop of
st turned on the li 75° F. hen tl
¢ llne } ot 1 the current e
effect n , this drop will r 1S
nay occu drop will result, but ¢ :
: r afte ' : , but a hes: )
resistance, and, con fter a short time which will 1‘1'“[”11‘Q
. e Se A | et g aise t X
the 1S g g(«(lll(,nt]), [cd $A ne
se of tem ’ uce the curre i
L ere T ’ ent. Provide
be safe, 1 perature is not much more than : - rovided
, but the E. M. F. of yre than 30° C., it will
to make up for th(,. ];) ‘thc generators mlls‘tl)cin‘cr 1
then, ti > additional dr 2 casec
, that a correcti : c rop. It will 1 :
ection 1 I e evident
sary, and is n terminal drop is )
, 4nda 1s obtair < rop 1s frec . i
: ained b L juently neces
resistanc ) y using a new vz ) S-
= (5 (J()ngt. S Wy d]llc for tl .
star 3 3 f5 1¢ sSpec
be found by the : 1.ts f(ln‘ the different temperatur pecific
At 75° F.. t1 application of formula 309 gt i
., the resistanc X a OuUd.
one foot long is, as v "n}:e of a wire one mil in diamet 1
. Oy € Ve ave ) c ster anc
ing the same temperat .foun(l, 10.79 ohms; then, tak
have the fol 2 ature rises as those i d , tak-
0 10W4ng values: 3 yse in Table 71, we
S )

RigeTof(1°.C.—=18°
.= 18° F., and resistance of 1 mil-foot
7 = o
10.79 X [1 + (.002155 X 18)] =

Rise of 20°
20°C. = 36° F., » = 10.79 X [] 4 (002155 TR0
e | L+ (. 5 X 36)] =
30°C. = 54° F., » = 10.7¢ 1515635
Whio o 19 % [14 (.002155 X 54)] =
1Se¢ O o o o ¥
40°C. =72°F., » =10.79 X [1 + (.00215 12.05.
.002155 X 72)] =
12.46.

2569. Th

. e'following ex

of determini e examples will i

P mining IR 1llust.rate the method
mulas given: any railway system by

EXAMPLE.—A A
14 miles, si ' road is proposed t :
, single tra o be built, havi
age (estimated) Curi];n Télelre are to be five cars e::{lmtgk" length of
sive of ground of 15 amperes, and t N aking an aver-
retu g ) the allowa .
trolley wire suffice ? rn, is to be 50 volts, or less \\;;lill)lli (:I Opf gk
SoL . a single No. 0
UTION.—By formula 365,
by, L0 X 7,820
L
The diameter of_ 1\47/0()?)‘1—)2 =253 mils = .253 in
carrying the cu . 0 wire is .325; therefor i
rrent with hardly any increase 10‘;, tlef will amply suffice,
mperature. Ans.

= 64,152 circ. mils.

— »
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example, the conductors Were to
h the load concentmtcd at the

ExawmpLe.—(a) If, in the preceding
d size? (9) What would be

allow of 50 volts drop wit

\at would be the require
lone were used ?

be provided to
end of the line, wl
the drop if a No. 0 trolley wire a

SoLuTioN.—(a) By formula 363,

).79 % 75 X 1,92 : ;
d? = 10.79 X .2 X,,"_(LQ — 128,185 circ- mils.

50

rolley wire, which is 105,592 circ.

than a No. 0t
29 593 circ. mils.

This area is greater
g5 — 103,502 =

mils. Subtracting, 128,1

Y 22,5693 = 150 mils
ceder must, therefore, be

150 in.; or, a8 an al
hich measures 3648 in. 1

— 150 in.
1fil these con-

e might yut
cince

added, to fu

ternative, w

An additional f
n diameter,

ditions, its diameter being
up zer(). 00 trolley wire, W
4/ 198,185 = 358 mils = .358 in- Ans.
(4) From formula 364, we obtain
e= ._.10' TBELXE:)/O‘ = 6'409'260 — 60.7 volts.
105,592 105,592

Ans.

i puil an arrangemex‘lt
e b1 and 3,300 feet in

t having
1,20 ) 2v1 g
g, with the

lwa
hree feeders,

The mains are eac

ExampLE.—An electric rai
as shown in Fig. 1029, with t
length, respectively.

FiG. 10 ; ven
ch ivision €

feeder connection at the middle, and there A ga e

sections of trolley wire 700 feet long, 0 .ta g5 obin P

e tima 518 ampet‘es

¢ hat sizes

tracks are
mile, and 30 cars Wi

each. With a total drop on an
of feeders and mains will be require

to be laid, having Lage
11 be used, t0 ake an &7 out 50 yolts,

(34 1}
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SoLuT
ION.—A
feedarg il glance at
S W kS A € t.h > 4
railway .”1 be required, as thcc. plfm of the road shows tl
bt , and that these will station is removed fr¢ 4 {“t return
e E l(m<ncal‘cst b A% run from that I Y, ym the line of the
‘l.‘(;u']n £XBle will suffice {)()\\-cr house. For divi i the track on each
rided. followi > , but for divisi visions 7 and 2, a si
’ win by X division 3 ¢ and 7, a single
We will ﬁr’itgc;::lL ;hrecmm of the outg{ tmotfhcr R gL 00 l)‘r")L
i S culate the : s g
ik rcuit containing the k(lr(,p in pressure through the i
14X]ge 10 cardagitice 1 nown resistance. E ’]’ ]mt portion of
Ll s, since there g . Each divisi
m'linto'_ o “.;:'r(“ L ey tht(cl\lsmn has an
aintained, the - When the p : current will be
tween the s re can never b proper distance betw i
he sub-fee e two on etween cars is
the end eeder from tl : one length of plog
of the secti 1€ main, at trolley wire be
leng . section; there , at the center T el T
anq{,th of wire, 850 fcet'- I;Ln!‘ﬂrcv the current is 1:f the section, and
the load bein ; the size is No. 0; ¢ s 14 amperes, and the
drop 818 moving on -0; area, 105,592 circular i
€, we al)l)lv formula 36 Ll.l ar mils,
o DA X 14X 35 a 366, giving the
IOT'*—“.)O 26,460
5.592 L 2 it B
The P ), D9 105 00 —
onnection f RIS
cate rom t} ;
wil[(}- b}’-the dbttediTing 1€Ftra(.k to the power stati -
feet OTSIder that,p()rti()n. 1vi or the track I'Csis‘t'u.]c‘e “fn ey a0
. The resistance at 00)_‘mg to the left, its lengtl (;) division 7, we
.025 ohm per i E 1 cing sayv 3 8
mile is yL5i80p

_ 3,800
The fall Dl
/t of p()te ok ¢
Rt ntial Wt
h the load at the end ‘Yllt(l; a distributed load will b
, and, by derivation from Oh '01011(3-11:11{ g
m's law,

.20 volt. (@)

% .025 =.018 ohm.

C

6 = — 108

5> X R =—=

2 P) X .018 = .97 V()It, (&)

the current i
nt in divisio
> n
gr(;:nd circuit, as divid:dl' and 2 being considered, i
3 800r division 2, we m in the ratio of the two 1 R
800 = 6,000 fect, | The re take the length of tomeigths et
. esistance ck as being 9,800 —

al 6,000
The curre i Y gl
nt v
vill be 280 — 108 = 172 amper
es, and the dro
p

% .025 =.028 ohm.

G
=" _ 1
X R==2
9 5~ X .028 = R.41 volts. (c)

In divisi
A on 3, th :
the line; A A
; there i on to the t i

d 7 s then f rack is m §
7§termme the fall of potto be considered only halfa(‘ii ¥ the.mlddle of
amperes over a di ential. There is a distri eycad, ILOrAep i
stance of 2,450 feet, a dlsrtlrlbmed load of 5 X 14 =
, and the resistance =

_ 2,450

= m X 0250 =.0116 ohm.

ELECTRIC RAILWAYS. 749

Th rent is
e current is 70 amperes, and the drop

70
0 o .0116 = .41 volt.

VR~

@)

, so far, the drop of potential in the
The calculations for the feeders and mains
to an economical section of coppers pro-
al is not thereby occasioned. The
eder at its center. A dis-

and allowing for a temper-
1, is No. 3. The drop

9
~

Returning to division 1, we have

trolley wire and track.

should be made with a view
p()tenti

ted to the fe
rried here,
given in Table 7

\'id.c(l an excessive fall in
mfun is in each division connec
tributed load of 70 amperes is ca
ature rise of 15° C., the wire, as

of potential v
r 7 T O ¢
= lLZ(—',,OXﬁlOQ _ 837,900 _ 45,9 volts ©
H2,634 :)2,634
7 is obtained DY interpolation in Art. 2568. The
91 for a rise of 10° C., and 11.63 for a rise of
° rise, 11.42; for a distri"mted

these is, for 15

r ~ .
The coefficient 5.
value is there given as 193

120 C. The mean between
oad one-half of this value is takem or 5.7
end load. and for an

The current in the feeders will be 140 amperes.
i No. 000. Then, for the

allowable rise of 15° C., the size wil

outgoing feeder,
,_14px 140X 120 1,918,560 _ 11,43 volts
167,805 = 167,805
For the return feeder, the proportional current M3y be taken as
before, with reference to length of track, 8 peing 108 amperes For
a temperature rise of 15°, use No- 0 wire; them
| aa xlie 500 616,080 _ 5 g4 volts 0
105,592 i 105,592
In the second division, the outgoing feeder 1S 3,300 feet Jong, and
eres, t'he wire being 0. 000, as pefores then,
(»

the current 140 amp

, 1142 140 X 3,800 _ 5/21%‘3&9 _ g1.4 volts.

5 167,805 = Al
, _ _ 17 eres, and t0
In the return feeder, the current i 280~ 108 ;ulézl\?:%ooo' o
carry this with a temperature rise O Xy

1142 X172 X 500 982120464 BNR R )
=T R division 1 the
. Fire .

If, now, we take for the maint the ﬁmue,-:lre'n ¢ the outgoing
e figh’® %o o5, tracks g

sum of the drops will be beyond :
5.9: trolley wire,
a

feeder, 81.4; for the main,
return feeder, 4.64; total, 4.6 volts. We Y peing .
next size larger Wiré No. # ocurr?se The
heating will only be t© the extent © J0RCH i

5.6 X 10 X 2,100 —12.4 yolts: %)

(A5 66,373
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Substituting this value for that taken above, we have a total of 51.1
volts lost, which is sufficiently near the desired figure.

In division 3, both feeders are of the same length, and carry the
same current, 140 amperes. Allowing the same heating as in the other
feeders, 15° C., we have No. 000 wire, and

_ 11.42 X 140 X 2,100 3,357,480

e ) e s O 03 9
¥ 167,805 T AL N O

If the same main be used as in division 2, the drop will be 12.4, and
the total drop 53.06 volts. If necessary, this may be reduced by taking
the next size larger wire, No. 1, and, with a temperature rise of,

perhaps, 5°, the drop would be

_ 5.5 X 70 % 2,100 808,500 .
- *_smyﬁ,‘ Lo AT »Hr;mu—‘l— = 9.66 volts, (m2)

which will give a total drop of potential of 50.32 volts.

Instead of having wires of two different sizes for the return feeders
of divisions 7 and 2, we may use an equivalent of two No. 000. This
is the size required for all the other feeders, so that uniformity is
secured, and, as the two_feeders in question run together, there will
be no difference in the distribution of current. Each cable will carry
half the total current of 280 amperes, and allowing for a rise in tem-
perature of 15°, the drop

11,42 % 140 % 500 799,400
i, 167,805 ~ 167,805
which value may be substituted for the drop given in () and (7).

On adding together the different values found for the drop of
potential in division 7, the total will be found to be only 83.32. This
is considerably below the limit of 50 volts, and we may, therefore,
increase it. The return feeder, being used in conjunction with that

=4.76 volts, (72)

of division 2, must remain as already determined; so we have left the

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

For the former, we may use two wires in parallel, Nos. 3 and 4,
the combined area being 94,376 circular mils, which will transmit the
necessary current at a rise of temperature of 30°. The drop will
then be

_12.05 x 140 X 1,200 2,024,400 3 W
12F=; 91376 ="01376 = 21.45 volts. ()
With the same rise of temperature in the main, the drop would

exceed the limit, but with a rise of 20°, No. 4 wire will carry the
current, and

_ 9.8 X 70 x 2,100 852,600
T 41,742 T 41,742

= 20.42 volts. (5)
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ize as vS:
We may now summarize as follov

Loss IN VOLTS.

,’r’—::./’-’——//’;’/—’

— 1 3.

: l 2.
‘ 1. ‘//
w5 |
- MRS 21.45 (7) | 814 (f; 0.66 (m)
Outgoing Feeder ........-- 0042 (s) |124 ( 2% (a)

Main. .. .voenonessiinns ottt ~ :25 (@) .25 (‘f) :"
Trolley Wire.......oeeoeees® o @ | 24 (:1)) 20.00 ()
Prack. .. oooensost ol SARIES 476 () 476 ( {1 RN

S 7 v 47.85 e ——
Volts IJ()SLV ’l‘()t(ll """"""" 4/,,::—",/,;/

T
————

Division

et » WIRE. B
S1zE OF A

e — — ’,’,‘;—‘,— — Om)
e — ,___,,—_,_’_,,J;” T \ ()/ne No. 3 ) 000

. NO.
Outgoing Feeder......--= { One No p)

e i——

cTICE: ReR
EXAMPLES KOS pRAh wn in Fig: 1021(;, SI:rsil;rl'e
2 0 -olley
. %a0r to thAGE S s theRtic
i .d, gimilar 3 dition average
s qu g 01)Ovsi’vth one feeder lr}llng cars, atl(])
teack, 2%, St logzgé\g.mge. ‘Ther® wi qllowable drop 15
g e T?i)oxgi)gres'e'l‘:hv and the tota ‘at~ :
current of 20 a C il g y
65 volts. The track rebl?btan ve divided 1
o P . ~pdert ? ire V )
will be the size of feeder T trolley \vlfd e feeder

(] e
9. In the above exam}?l P T uld be us
what size W 1

insulated sections, e half-sec

that length of feeder is @

rod

jons in i
t } e resls

shown @
d 3 seC
ple tracks

3. In Fig. 1028 is
: ST n
sections in division 1, alou
of railroad is 8 mileS 7 taking 30 m mains, = division?
mile, and 16 cars are run, ;) foeders " iy i\
G <17
i he s12€ .o allo g aken
each, what will be tl volts peing ¢ s s fromfto

Lrdsd
. drop Of ()
being used, and a If of the A f
ok The current in eaCh\vl;ae ffo.mf f:(; {é'rom i th % %y, el
NorE. ol tproyide ONE TS dlstand in the usv
o %Umtb (f;leééer one-thir®. = - culate
the first sub- ) i

st division
resistance on the first divi

W




|
|
753

752
ELECT
RIC R
. ’ A FAVE
gﬁ'{“g distributed, but ILWAYS.
en as an end lo: ut for the sec ’
ad at a distancétz'“?d division th ;
~ D da. € curre 4 nTall
JDI"- 1. Feeder, 4,526 et ‘ ELECTRIC RAILWAYS
; 1% y 4,02 ft.: N - 0
_Ans. ;\fdfn. 3.804) No. 0000. I in crossing the tracks R :
Div. 2 Main, 1,131 § each side; NO ‘ that the groov acks, butyliHs objectionable from the fact
A i[cctd“r. 12,448 ft. ; are S J wheel to rur Ml become filled with dirt and cause the
Main, 2,26 .; area, 356,608 ci 2 ’ ]
Mi ft. each side .; ’:v.m)s circ. mils. l down on tl l\(”} its flange. The box girder may be spiked
TRACK CONST ; No. 0. B st q:" ties, as shown in the illustration, oOr held on
NSTRUCTIO he al support to
N. raise it 3 or 41
‘ i 3 or 4 inches.
A light for1 i
I n of side-
earing girde i
or rail 1s £577

shown in Fig. 1031 BTN
4 3 ~ 3

2570
Z0. Substanti
antial tre
‘l < o{o
ck construction is of su
s of supreme im-
“ilth slightly curved =
channel plates /£, /' to [=

portance i
n electri
too ctric ra' 5,
carefully built, an I11“-"‘}' work. The r
< C s 0c >
s it 18 well to folloi:.lql.)('(1 can not be
7, in general, tl
al, the

FORMS OF RAIL

bind the rails to-
gether at the joints.
FIG. 1031.

best steam rai
The ilroad practic
most satisfactolr)y :;;lu}al;‘;hizclar%e lines are projected
n found to be : ‘
be the T rail, i They are laid

| l(’“gitlldillul‘us(tri:igz:s @. in their turfil supported on Cross-
are secured by the angle

ad

hich they
The foun

oken ston

i e
plLs, or sleepers, b, to W
ates ' g3 s A
i A m, ' by spiking down. dation for the IO
b No) 4 ]
mposed of a layer of 1arge br es covered With
hich the ties are

gravel bz P
wvel ballast at least @ foot deep, upon W
hd over the ties,

L‘“d; additional gravel is flled in betweern at

and t.he paving stones are set on this.

Rails are made of 'decpEl section nowW than formerly,
hat there

be. i . -
- l_ng’ for heavy cars, about 10 inches 11 height, sO t
1‘oom for the paving blocks without the e of extra/sup-
P01t§_ The base of the rail must be wide, sO that it will not
cut into the ties; the head should be S° shaped that the
I‘Vheel will be directly over the web, and the tram ghould not
s e i R0 wide, unless made very strong 5 that there maY be
paved stre on steam road no tilting of the rail when heavy wagons are pun over it
th ets, and the gi s, but thi The diff . } d head i gener-

€re are many di e girder rail 1s can not be used i ifference in height between tram and

y different desi takes its plac in ally about 1% in., the head being §in. wide, the tram

esigns. In Fi place. Of this 91 to 3 ¢ 1., 5
ig. 1030, A isac ‘ H , and the base equal to thes

en- i
CURVES: . LR
ays of € ectric railways ;lmp

Y . that 15
i S reet corners, )
ounding > nodern

e two.

2571. In the early d

ter-beari
armg B
’; e LIy 7 é
flfdfar rail; a Trasi;qe-bearmg, C a gro
ail is most Lt Z’Sho‘vn 6 5 Thovi;l, and /2 a box
- ; = e side- ; .
or city lines; the grz beadrlng i
oved form is ‘ z
e E}ul ves alone were used in T
hey were laid out with a single 1@ fusy
g ed b
sition curves: These ar¢ formed DY

type whi
ich pres
ents leas
east obstruction to the wh
RALS eels of wa
gons
practice employs tran

€«




754 ELECTRIC RAILWAYS.

combining curves of different radii, so that the entrance of
the car into the curve shall be gradual, and a sudden shock
avoided. The theoretically correct method of laying 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 600 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

Fn’}. 1032, FI1G. 1033.

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 switchesfor 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
of 35 feet. Each chord, 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,
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THE POWER S'I‘A'I‘I()N.

————
PLAN OF l.\'S'l‘,\LL,\Tl().\'.
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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 governing factors to be considered,
namely, the cost of land, and the matter of coal and
water-supply. If real estate in that particular neigh-
borhood were cheap, it might be well to build there, but
such an advantage may be more than offset by incon-
venience and expense in coal transportation. On this ac-
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 room; and water for the boilers
and for condensing purposes may be obtained at a cost not
exceeding that of the necessary pumping outfit.

STEAM PIPING.

28576. 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. The engines must be kept turning all the
time, except during those few hours when, in the case of
some roads, the cars are 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 service. To overcome
this difficulty, the boilers might all be connected together
by a steam main, as at 2, Fig. 1041; this is provided with
gate valves 9, o, which, with the valves @, at the engines
and those at the boilers v,, 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.

2577. There are two principal methods of installing a
duplicate system, and they differ at first sight only in point

JAYS 761
ELECTRIC RAILWAXY®S.

is shown in
of size of pipes. A diagram of the a;rangicol]llef;etngth i
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