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VO 2 < ) i e same - of mileage, . so tha
ELECTRIC-RAILWAY SYSTEMS with motors of thm- I T “”dh'}\; load
lant YEO x‘]';ll)hiCi‘-l cen ik idway betwee ¢ 2 Also, th )
: T : -power pl | gcog | 1t midwe ide of it. , cars,
| as possible, assuming that it is to be a stcaﬂ;itlious having a located at 2, a lmf““-qck on each side :w that all the tc o
. g > y conc ic B miles of tre - qUPPOSE ino ¢
and that its Jocation is not already fixed by conIn the case of ‘ there is 5 m}h’b U-c is at £ 'for, bum]s- are running lrs‘ are
R on withthe B e ond location of the ‘ Center in this Ldbn the extreme ends, and motors
water-power plants the site is fixed by the el st sraliABe ‘ €xcept the two o
5 : ot, n g 4
water-power, so that the following cannot, sostam s
A g of the sys
applied to such roads. By the center
meant the center of the 1o

1 the cars since the
is level and t rer, and sit

¥ he track is leve ;ame power,

1 Speed. Since t 11 take about the st
it be alike, they will all te
: e 1st b alike, t
aW or traffic. Since wires mlo the ,
use

used to convey the power from the power ho
point where it is to be us

f track,
» length O
y 1t th(r lc 1 s shown
listributed ﬂ)roll‘blfl(:;lc same sxze,.'ﬂs‘ Z}f tha

loads are evenly ¢ '1tc.d by circles 0 ) each side

> represel
crated they can be rej
ed, a part of the power gf?'lcrthey y
' { 4 e S1Z¢E,

will be lost i them, Jf they are not of sufficient
Will cause 3 1ogg of po

ads o1
- are seven loa o avity
A Fig. 18. I-Icrc. thfltil diralb 46 sul.)l he center of‘gr“ s
; -y strongly | ! Center line, and %f ::jnbel' of 1)Oundslintc cl. 50 albojt;lfl or
wer that will make itself Velyd also on l Weight of a A all on the center Josed to stand s rt at
€ Speed that the cars make a.n‘ loss will of the system will fa d ones, are subl t.wo end,oncs bml' of
hat the motors develop. This los \ ears, except thc.tWO en)o\Vcr off, and mi-qwn to both GU; ivill
¢ ‘ to coast along with tl?C Le load will be -(~1;th ofiload an(-t'md.
' the same time, the sar i1l still be the (:Lr house Sho.lﬂdlh ‘I'IY‘
the line, and point P Zt where the pow eon such a SI-mP leca‘se,
. o A 5 therefore mark %he bfmt the load, .eveﬂd as in this ‘1de1a'm o
OENORLONON 0O It is not implied t‘ evenly distribute stion rather tl_‘t and
. H out, will always bc as will be the efo?rltS of a large Clrc}:liﬂg'
, __,‘ for such a condition Mgt outskl sorning and ev
M0 T T fule. Suppose [fl-t(zriz:t- then, in the @
8B a down-town district;
3

the load

X m \Vork) "

‘o to and returning fir;)e put during the
going b d of the !

When people are B en

condi-
To alter cO
ibuted. s an
iy line to 5 there.lll be
oty the grade wi
(2

felt in itg effect on th

d to represent a
the amouynt of heat ¢

O a
Oe

4'F+H"+HH-I+H+H+H'.

he
leang a little toward t
F1c. 18
depend op the resistance

Current that it

ist
i iformly dis
ay it is uniformls 1le
rest of the day i the midc )
. at from endin
amount Of tiong, A th';t cars that are asc

h At h'ne; ;nd sﬂtltfat the center Up grade. Thos

as to carry, Hence, it follow tem;

of the loaq may not be the geographical center of the sys

in fact, these

the level R
e ot do mors rork (15, 5% L, Saon wil
ca e on 1dec ilea
' ade, so that the. ase, the mileag

; : two cente}'s very seld.omhfall ;xran ';he;v ’s;nli ;]atc}fe S}?:;tr;dg:;\vartclti 101;(11 ::}:I:tecle is changed. In locating
S s oy ) 1 s s
geographxcal center depends on the number of miles of t;ﬁ)vv
and hoy, ¢ ese are disposed; the load center depends on
the 1049 is ‘distributed.

B
e
33 Influence of Futt

0 Fig, 18, D)
8rades anq

cars, 7, o, A

bresents 10 miles of tr

1 increase
on and
xtenst
house, future €
ower 5
the site for the p
ack, free from
arp curves, and on
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of outlying .
the developmexle:lected G S
in traffic incidental tci)nd ~ 1d the site setect
inm
! o should be borne

which a certain numb.er i
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: g g
» 1 accordance with the demand then existing, the

2 at 2, the center of load for A 22, which
IS Supposed to pe level, Now, suppose that the road has
been extendeq toa point @sothat 42 — 4 . If it is further
Seaymed t.hat the district through which 4 ¢ runs bccomebi
G Biimatter of time when the trave
gfgsfty wa be as great on the new stretch of track as on the
& 10 which cage, W oming the different load units to be
uted throughout the distance Z C, the

€ Power hoyse would be at point /7
and C, g, long as 4 B constituted the

e = e

nmi ) lB
ACFJP’ L*'JP
]
i
Fie. 19
Whole road’ the
Power ho nter
Of an even] i use situated at 2 was at the ce

) on of a given amount of power
as the €xXten he line as to the other As soon, however,
; S10n 4 C wag 15

2% mileg from the started, a power house at 2 v

. Or
¥ mileg from the Cend(,md of the road and CA + A4 P

it d all
the carg, ¢, nder such a condition, shoul
the Ough troyple of some sort, become congested at

ar end of the line ; .
» the log i reat dis
tance apq to thy P S Incidental to the g

t rent causeqd by trying to start all
a; L monia seriously delay getting the cars on
ain,

With the line loss due to want
€, locate the station at A, and

e ion was
be prepared to get the best results when the extens
In operation. .

34. If, in deciding the b.cSt 1ocat10.ﬂ lf'?l:lc center of load,
it were only a matter of nEng tig 1?“.).‘ But in many cases
the problem would be coml)“"atwc-ly. C::ill)lc to solve, cx'ccpt‘
it is made very hard and almost m.'f).,{ll other considerations
approximately, by the fact that Se,\bfttivc center of the ],O“d
enter into the question. The 1)1'0'53)?;&&] point of view, in a
might be located, from a purely c]ctl of coal to be burned
Dlnéc so situated that every poul“ the power B0,
under the boilers must be hauled O,Ould pe difficult to get
it might fall in a place where 1t W jensers; such a place
wate:b for the boilers and the conc en Finally, the ques-
would, of course, be out of the qucsm\)/c;'y poor engineering
tion o’f land comes in. - It would fbi city where a city buﬂi’
f0 build a power house in :gp;;)to(zl dividends as mt?ll::yp:::xer:ar
petvould probab};’l nglis:m(lh selection of a Sl.t.c fg;tween con-
Managed I‘oil.dS- 3 cases, be a compromise t to one site;
hf)uf% mUSt’.u.l manyLoad conditions will pgmcoal bunkers
Zlcftl?g lioz(:lt:vozﬁz;‘ will point to anothirc; It)azsed Qizecuiineg
shc?;fdcb: alrranged FRithatthe 23::11 Zr;?rthat can be run'il(ljitllli-
t e boat, or from a €Oz from the mat ¢
S}ilg:] Oirtcl);:r:;y means of a siding or a spuft

the power house,

ENTER
DETERMINING THE LOA:)I. Sbtaining the load
35. In the following method used tl?e layout of the road
Cente; it dEeonan A s 1a 3 g?::‘:qms, and that there .a;ree
i ’ ines shown in the diagte roperty requ1. -
;Soalli?r?igtqiliﬁ]lsl imposed by coal, water, 2;1 rphouse e
Ments t‘he selection of a site for th]e alzl center. To find the
itself ’to the determination of theh 38 a knowledge of the
load center, the engineer n.ms.t haand the problem can.be
traversed district. With this 1n the,Same thing as finding
treated graphically, and amounts 2‘; bodies. As an example,
the center of ug/ravi;y I(/);,aazstf;; bodies whose centers are
In Fig. 20, an
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for example, weighs
vo weights are equal,
e center of gravity £
shall equal W’ /. The

20

w’

f .
ore, midway between the twoO

as : .
! 4 unit, acts the same as if 2
re ﬁxed at P,

o - ’ Fisglllxz)posed to be uniform over the two
SCRtionang thyt oy SUppose that there are 10 cars

bower, Each Section e.ach €ar averages a load of 20 horse-
» Which cap be talzralxil’ iy i Sl oad iof 200horse
CELter of the req 48 concentrated at points O and O’
SPective sectiong. These centers will

B+t 4c
The two loads of

, or 5 mileg apart
onc ;
entrated at () and O in Fig. 19 corre-

Since thload or the correct location
S8t 3 : 4
Of gravity or 1oua. L i0S OF weights are

midwa
Y between and o/ load must be at point A,

the qdig¢ = 10 pounds; further,
thet(;el;Vt”' 7 mileg; anilmf::ozolr,nwlf/ to W is 6 miles; from
€r of /; O W, 4 miles. Where is

BIAVity. hopyee,l Vi) Situated?
distaneg s N weights 137 _ T s

i Weefl Centers jg 7 mil % T 10, .Where the
Where landledxwdedinto two €s. This distance of

X i parts, I
from tp cente Are the distances of LVSUCh that Wi = @ ",

r of gravity for thege ¢ and W, respectively,

First find the %tenter of

: AT 39
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lay out the plan to scale

To solve the problem graphically, 1 7' {ncl ok gndo
on paper: that is, represent the 7 miles by 7 m: .(;i’uhts g
on, and let the sizes of the circles represent the “”/bto l'l"”,
shown in the diagram. Call Z the distance from et
and let the distance from W to the center of gravity

o W from
found, be represented by /; then the distance Of

W50
=40

on

'
DE=ST N ,/ A ll"ygﬂo
—-—— s

\
\
\
\
\,
\ :
-

Fre. 21

sented by th

the center of gravity will be repre Wi =

L — 7, and since W = I/V”(L—-l)v
or Wiy wri= W'L, and I = 75

w+ W ,
i alues g1
for the weights and for L the numerical v
! <10 X7 _ 12 miles, or inches ©
o8 nired ¢
tance of the weight W from tl}e reqd‘ e
Since the total distance Z = 7, the d1Ste
ust be L

On the line joining the centers of
gravity sought. The center of gb' ;
dotted circle, representing the com n

of I/ and W, situated at their cen

dotted circle W"'; since the weights

e difference, or

VV”L — W” 1,
W'"L _ Substituting

ven,

n the paper, as the dis-

enter of gravity.
from the center
_ 7= b#miles.
of gravity to the center of " mI«V and " locate a point
is i ter of
A ) 1/ this 18 the cen
that ig 1% inches from the center Of-avi;:y between the large
d weights (50 pounds)
ter of gravity, and W/,
: w be found. Call the
which is also 50 pounds, must 1o e R
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same, it is evident that th
between them on the line j
only necessary to bisect thj

of gravity of W’ and

eir center of gravity is midway
oining their centers, so that it is
S line in order to find the center
» and hence of the whole system.

38. Conclusion.—The general rule for locating the
center of load is ag follo?vs: Divide the line of the pro-

S; with a knowledge of the
service to be rendered on the road, assign a certain load in

horsepower, kilowatts, Or amperes to each section. Lay out,
to scale, a plan of the road on paper and take the load
assigned to each section as concen

. trated at its middle point;
thero will then be as many of these points as there are
Sections, and each point wil] bear a number designating the

nt is the center. The

posed road into severa] section

the center of

gravity will be the load
bost location

for the power house.

- Among the
Weight of equipment;
topography of the road
condition of line
ipment.

number of cars; speed of cars;
(grados, Curves, etc.); character of traffic;
and rail return; manner of handling the equ

; 41
rAY SYSTEMS
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| sreliminary study

. -equire a close | et Urns
service for any given road require and the returns

-obable traffic

of the district to be served, l”“h;l 1) : met, etc.
) iti at must be met,
therefrom, competition that 1 :oht of cars are

h : The size and we ; -h
40, Wweights of Cars.—Thes are mucl

ines. cars
g s terurban lines,
determined by the traffic. Onintert

. anproach,
X d r they ap] :
heavier than in cities and frequently A modern 40-foot

and controlling

in size

: steam roads.
and weight, those used on stea

i notors
. -ar C vte with 1 '
body interurban car comple 000 pounds, 1 of
Il(‘i"'h])nl'h()()(
-

e “.cights Of

whereas a
s hey el Loty ch as 65,
dpparatus may weigh as mu

11 weich in the
ity car with 28-foot body will w ugh,prh\'imul

) ives a 2
30,000 pounds. Table I gives aj

TABLE I

il S —
WERIGITTS OF ¢ AB <<<<< e ——————
=S ——————————— ] Closed Cars
Open Cars | ot of
— | rength |Weig
T ————— Length 1‘(‘)'\]t: Body ‘L‘ld
i f of 1 Trucks
Length Weight o senting o All §
= rand | Seating | poqy 3 unds
N“mfhcr Over All $°“,‘if‘.fv H'(]“(l!i\wlli-\' Capacity Peet Feet Po
BL‘"]‘C]]QS I QRD&0I Pounds fiull, 15 o
Feet | Inches MARBAREE o | T %6 10,400
| Q -
| — FeRT T 24 15 18,000
12,000 ' 2z 35
10 28 8 50 34 ¢ 20,000
6 16,000 28 37
12 34 o 0 40 28,000
15 40 4 75 25,000 32 30
44 =
/’%
Ny

Lo the length of

.gignatil : :
In desigh utsides of

between O A
the bumpers. :

Ordinary cars of standard size. easure
TR - neas
Closed cars, it is customary to 1 t over ontrol-
) 10 S, C
the bulkheads (end walls) and 1 . olude the motors,
Weights given in Table I do not 1n¢

rs will weigh from\
€IS, air-brake equipment, etc. ’1‘.11?]1:,15;(_)1110t0r l‘zlting):d;}:;
45 to 75 pounds per horsepower (11111 for large motors “:er
Weight per horsepower being sma c S Vs -
for small ones. An ordinary contlo STl eqmp)
Motor will weigh about 200 poul.uls,t.ﬁe el res!smncg’
Ment of two such controllers \V}t?lt equipment’ T pi 13
about 500 pounds. This is a ligh Por a large car eqmpPel
i b R = the complete electrica
ek tvg 65-horsepower motors,
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equipment will weigh about 8

motors constitute over 7,000 1)0300 g o e e

:stllehgs controllers, brakes etcunds. B
it is difficult : » €LC., vary so much in design that
complete witltloeitl‘;:xﬁenefl figures as to the weight of cars
city service wil] wei }int‘ ey closed cars intended for
length when fully eg » roughly, .4 ton per foot of over-all
appliances, For exaqulpped with motors and all auxiliary
long over all, 1 mple, a car with 28-foot body, 37 feet
Cars intended fo cigh, fully equipped, 37 x .4 = 14.8 tons-
high, will weigh fu;;]temﬂ.)an traffic, where the Spe‘;'ds 818
over-all lengtl,. 2 i3 y eq'mpped, from .6 to .7 ton per foot of

making power estimates, the weight of

hould
be added to the weight of the car, will

2 glerage mor
of the car, ¢ than 10 to 15 per cent. of the

not, as a rule
dead weight

as have f —A n of
required by carg E:]n dt?wsed for calculating thimzil;"er
only approximate ‘sr San conditions, but all of them are
bower taken, Fo’r €cause several elements modify the
may be in baq Conditei:xample’ the running gear or roadbed
On some of the curVeson Zr t}-lere may be excessive friction

: . inﬁuex.lce gain, the state of the weather may
Wind may haye 5 on the power required—a strong
offered to the motion ofvery great effect on the resistance

IS)unence of all thege inﬁtﬁleh;tlon ag e e R

accurately q ! ces, the effects of whi

AT y ete.rmlned, formutay | 3 which eannot
0 the motion of in which the resistance

ads,
neral\11s/hert=é the track is cleaner and in
y. team cars are also much

536 ELECTRIC-RAILWAY SYSTEMS 43

heavier than ordinary street cars and the effort per ton 18
less for heavy cars than for light ones.

The effort that must be applied to keep 2 g
motion on a level track depends on the train S az
uniform speed and this, in turn, is made up of a nl{’ﬂbcr 01
factors that are more or less difficult to determyas ‘;‘m
which vary, to a certain extent, with the speed. o
example, the train resistance includes the track friction, Of
the resistance that the wheels encounter in rolling over ?he
slight irregularities in the surface of the trac}c, the frlctl';m
in the journals, friction of wheel flanges against the rails,

air resistance, etc.

car in uniform

per ton on a level track,

If [ = 318 e i unds’
resistance, 1n po rail head for each ton

i. e., horizontal effort at
that the car weighs;
W, = weight of car, in tons;
F = total pull required;
then, F=fW (1) A
The case of cars operating at moderate speeds 1:1 f::liji
Where the effort per ton may pbe taken as constan P
Speeds at which the cars usually rum Wil! first be Con;iltion 2;
For ordinary cases, with cars and track 10 good con ’

fair average value for f on a level track 1S 90 pounds.

always expressed
iderable confusion
cases it relates

n ascending the

43. Effect of Grades.——GradeS are
as a percentage, but there seems to be cons
as to what this percentage refers. . Laisoilty
to the distance actually traveled by the ?ar ; The more
grade; in others, to the horizontal dls?ance-' 5 is to
general method in dealing with electric mlthzally(;istancc
Consider the percentage as referring to the. acluc following
traveled by the car, and it will be SO te s t3le r cent. it
calculations. Thus, if a grade jg said to be hpe rade ';he
means that for every 100 feet traveled alon'g‘ T gd
car rises 8 feet. This simplifies CalRneh e a}? : 2}‘15 g
matter of fact, unless grades are much stee.per t;;l g
Usnally met with in practice it makes VeIy eEon R AR
So far as numerical results are concerned, o
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# icall

d along the grade is practically
istance, ’

. ition

grade, the force exerted, in anlttl o

to overcoming e various resistances, must be sufficien Wi

lift the weight of the % Thus, on g 1-per-cent. grade, # i

Car rises 1 foot for every 100 feet traveled. This is equiva

) e
; € one-hundredth of the weight th
whole distance, In other words,

for each ton (2,000 pounds)
that the car Weighs, each e, ceént. grade is equivalent to
e addition of RUES bounds to the effort required on
the leve], and

f = f+2¢G (2)
where #

=

on the grade;
f= DPOlindsg Per ton

= per
EXAMPLE.~If
' Motion of , 1

Tequireq op, a

cent, grade,
20 pou
ar

0ds per ton ig
O-ton ¢

( . iform
required to maintain unifo
on a leye]

. be
track, what effort, per ton, will
5-per-cent, grade?
Sownon.~1«‘or

ed
ade, the force must be increas

— 20
Tequired on the level; hence, £, = 2
ns,

n the total force £, in pOunds:
€4S, in mileg Per hour, are known the horse
ce be Calculated g follows:
€r minute — @O_S

60
hmsepow;% — f00‘f-pounc1s Der minute 5,280 S 7~
/ /’ \0\

. ~ 83,00 60 X 33,000
I, horsepower = i‘f

y 375 (3)
If the car is i

Speed, in feet p

This formula gives the

Moving the car; the electrical

The SIIVes: shovn | 4 1. i king
4 Wn in Fig, 99 are useful in ma
4PProximgaye determinqtion

S of tHe tractive effort and

V4
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A
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Total H.P.
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25

Weight of Car-Tons.

40

46

F16.22
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re
! o They a
horsepower required under given COHdltlonS{)’\SCd i th.C
given by the West; h®use Company and are ‘ilc level is
tractive effort per ton on t‘mt grade.
20 pounds, and 2() bounds additiona] for each per ce

e a car
are required to mOwilcs per
cent. grade at the rate 10£ 110? 5

2 levelrs
, if the tractive effort ig 9 pPounds per ton on the
- s ¢ 80
Sownon.‘d‘he tractive : fort Fe= 16 %8
+20X 3 = g Ib. per ton and the total tractive e o
= 1,280 1p, he speeq § is

la 3,
10 mi. per hr., hence, from formu

10 X 1»’2—89 = 1. Ans.
M~ X120

=AU
ula O, ’;.' Ak
effort will be from form

-

ing 2
central vertical scale l.)y d:‘}:‘i“:hgri_
S from the intersection 4 to G Contmtllg e
contal unti] j ' ed line corresponding to 2. P, line
rpendicular on the bas? or ad' off the
'Sepower required and is re
TSepower, as calculated.

the spe

P a pe
€ Tepresentg the ho
hotizonta) Scale, giving 841 ho

el el

TRAIN, ACCELERATION 5Ly
t has beén assumed that the motion OoWCr
‘nilorm, T[4 Tequires, however, much more p
train anq get i

it in
t under beadway than to keep
fter it has

syped
been starteq. If cars were equipp
ors having a capacity bageq

on calculations relati)rlnz‘;_r
the ¢
iEotion; ttiey Would be too small unless
Were such

In
: t.

at the stops were very infrequen

© early dayg of electri

Were soop found ¢
Ot power T€quired g

Aty
to speeq

46. s5 far
cars wag ;
to start a
Mmotion g
With mo¢
to unifor
ditiong

§ 3( ny Tcm > > “ \ S q | 4 4]
,\IS
2 . \S l
I I ] Lll{l(/ I\[\IIJ £
é ) v A X

-elerate
accele
~eS “.’.ll'y to ill
t 1S necess : ase W
A powerful effort hin any given L'on o
iy L coetey. 1x effort required d the i\ccc]Cl'iltlt which
N 1e eff S A
§jrain, and t\iuht of the train ration, the rdlbdccrc:lscd
depend on the “: :1 with train ope tclcmtion) O% called) is
problems connec %1 is increased (l\“i. sometimes (,;c e
a train is § b ae _ )
the speed of a “i]ecdcration' as lt(md- For c‘\ampﬁ ;hut o
i jaration, O?l s per hour per bctr second, it xlllc,“lﬂ;iles per
ssed in miles r pe : i
expressed i I miles per hou PN LT
acceleration is 14 d of the train
s spee
d the sp
each secon

3 L A
£ 1 bl Hts
i: Volts L O | el V.
A C =
S R ] J S R P I i
Sl AV | dufhche) bl :
§. 3 1Y [ X 1 S
N P n [l
3200 4o \ el O |
2800 a5 \ / JSNS N A PR Lidnd
2400 3 \ | LA I
2000 25 / [ [ s
1600 \ P e
1200 uq\'\f)‘L \{_____‘____
800 1 / IR | i |
400 5 D——l—fn
F—I'L_-IJ’_-E ’osec:)nds
(] 10 2
Fic. 23

'

the first
nd of
at the e hour, at
hour. If the train Soving at the Ifteiles paiout: tm:lin with
. m Im ic tr
second it would be d second, at 23 an electric leration.
the end of the secon ical curves for ing rapid acceB hows
oA hows typ f produc d time; 5, s ’

Fig. 23 sh capable o eed an tarting
powerful equlpm;:;elation between(,spthe voltage. : iniform
Curve 4 shows t supplied; and ses at an almos ver and
the total current speed increa e then bends o
from a standstill, tlleer hour; the curv

5 miles p

rate up to 2
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1crease i o .
accelerati nspeed during a given inter g :
curve | on, becomes less untjl nterval of time, i. ., the

Ve b 1 - DLy .

“ve has become nearly hori il at 37} miles per hour the
uniform and th y horizontal: the s : v
Af the accelewati ; the speed is then nearly

ter 93 seconds the tion has become practically zero
- R cu s ) ¥ A A
'(lllong’ l?y virtue of then;cnt is shut off and the train coasts
€ereasing speed energy stored in it, wi /
L ed. The brak in it, with oradually
5 € run and the trajp rakes are applied at the ];LLLCI‘ end
Wsltop’ as indicated by ’clls rct"”’dcd and finally brought teo
se 1en the train is Startc(;L straight sloping line at the right-

ries, the total current ; with all the starting rc\'is‘t'm(“c in
resistance is cqt iy 1:] 1s about 1,100 'un[)c:cq ,.“;(]‘ the
notcheg o : e ¢ ! < ) S, ¢ as
S in the ¢ urrent varies, as
o irve duri aries, as shown by the
ne(; ?hen oW in D'l;:l]lr]the first 10 seconds : the 11;()t<)l‘4
tly 2,400 arallel and i ;
) amperes the total current rises
3,900 am RegcRMbo b 1l current rises tO
Peres, as the rec; which it further increases toO
remaj Up to this poei:tStzlnce on the parallel notches is
n ] - e
therefoig 1P[)roximately constzlqL tcurl‘ent in each motor has
e, been nea ant and the tractive effort has
apprOleate]y co:r]y C()I]Stant- ’l\hc tr li lrl(‘tl.ve CH(” t h‘ls’
r 1sta ain resistance is also
Oeiult that s speedn-t for moderate speeds “itll (:115 llSt
: i = E V 01 1€e Nneé
ave(; 25 miles per hom-sdalmo“ uniformly accelerated from
age acceieragy uring t] Tvoes
Lo Cleration . ot first 20 seconds {
OUr Per second during this interval is 1.25 ]"j The
Per hour, the + As the speed inc G S
, i b ¢
effort also djpm; current rapidly di, 'l'etltheS B nie
inish UM ninishes and ¢ i
20 es. . s and th ac

d when the B The acceleration therefor S
Spesd has (A ent has dr rerefore decreases,
| as bedOme nenrls opped to about 65
Wholly wtilizeq ST (o Y it 650 amperes the

in overcoming the.tra' 1e tractive effort is then

ok ' : in resistance; i
ln(:r?aS]ng ; L large oy nce; during the
; 1espe he total effort was used

edand t}
tera /
Wiy Ove;)y storing energyin the train,
come the train resistance.

11111@ fol
a quulled to ]nd]\e a C

gl o Acceleration.—The total
asily calculateq - ‘
b

ar or train i :
I train increase its rate of

mass el s
of the traip and 2 1%, = ma, where m is the
@ the acceleration, m = 2, where w
==y i
g
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tion due to

, and g the accelera
unds, £ in

is the weight of the trair

1 v w . .

gravity; hence, /% = Lhas 1Hwas expressed 10 PO
, and @ in feet per second per
)

feet per second per second
-~ . . - T“ '. o
second, then 7, will be in pounds and fo = 39.16 a, since &
)i
is equal to 32.16 feet per second per second. Usually, 10
train calculations, the weight 18 expressed in tons and the

acceleration in miles per hour per second instead of feet
\ Baip | 7

per second per second. One mile per hour = 1.467 feet

A is the

per second and 1 ton = 2,000 pounds. If, then,
acceleration in miles per hour per second, the number

of feet per second per second will be 1.467 A, and if
W, is the weight in tons, the number of pounds will be
2,000 17

92,000 W, 'The equation will then become = = ~ 3976

X 1.467 A4, or
5L WA o ogtia wid G
.01097

Exampre.—If an electric car weighs
force must be exerted to bring the car from
of 18 miles an hour in 15 scconds: assum
uniform during this period?

SorurioN.—The acceleration id st 1.2
W, = 20 tons; hence, from formula 4,

7. = 012 W, A = 912X 20X 1.2 = 2,188.8 Ib. Ans.

From formula 4, the tractive effort necessary to produce
an acceleration of 1 mile per hour per second is 91.2 poux?ds
for each ton weight of car. Fig. 24 shows the relation
between the acceleration, in miles pPer hour per second, and
the accelerating force, in pounds per ton. It must be remem-
bered that this is in addition to the force required to over-
come the train resistance. Again, whenever a train is
Started there are two kinds of inertia to be overcome: The
train must be made to move horizontally and the force
required for this acceleration is given by formula 43 also, a
certain amount of energy is required to overcome the inertia
of the rotating parts, such as armatures, wheels, gears, and
axles, and this may amount to 8 or 10 per cent. of the force

90 tons, what accelerating
a standstill up to a speed
ing the acceleration to be

mi. per hr. per sec.

48_5
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given by t L g
resistanie}iszforgmla. The force required to overcome train
v be taken as 20 pounds per ton for moderate
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o pexbour perSecond)
o Fic.
d City streets, where the S
y or €ven desirable
ele}rated Or undergr
traing must he ope
st‘:s.rted quickly,
Mined very large

49,

A, 0 D(leed is limited, it is not neces-
SHna serce. erate the cars rapidly, but in
i Vllce, w.here a large number of
e close intervals, they must be
7 ee of the motors will be deter-

Nergy required for acceleration.

|
|
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Wheels and track. The latter varies greatly with the co.ndl-
tion of the rails, being considerably lower for street-car lines
Where the tracks are liable to be dirty and slippery than for
€levated, undergound, or interurban roads where the tm.cks
are cleaner. It also depends on the kind of car wheels, 1)(:1;1{1.
Considerably less for wheels with chilled-iron treads than‘.(‘n
those with steel tires. As safe limiting values, the aslhcbl\fc
force may be taken as about 15 per cent. of the weight on
the drivers for elevated or interurban roads, and 12 1)01"0011t.
for street-car roads. Thus, on street-car lines, the .maxxmum
tractive effort that can be exerted without causing wheel
Slippage. may be taken as 2,000 X .12 = 240 1)01:11(_1;*' gg(;
ton weight on the driving wheels and 2,000 X .15 =
bounds for elevated or interurban roads. It should be ptar-
ticular]y noted that these limiting tractive efforts are lpetr OI}:
Weight on the driving wheels. With 2 small sm‘.‘l e-drltI}Lle
Street car having two motors, all wheels are drl.\.'elrs lanof g
Whole weight rests on driving wheels; hence, this sty eli : )e;y
I well adapted for hill climbing and running on S 1I l1b1e
tracks. With interurban or elevated cars having dot >
trucks and two motors, the weight resting on the dr.xv}frst\}\luls
1ot be more than 55 to 70 per cent. of the t(ital \\;el](;)z t(,mntls
making the limiting tractive effort fl‘(.)l‘n 165 to : 1‘1135 e
Per ton weight of car. With cars having double trt Lht e
four motors, one on each axle, the whole of tpe \’;’elf,' e

ivers: hence, four-motor equipments are d(.is.ll'i‘lb eF; o
Oberating double-truck cars in hilly !ocahtles. e
Urban roads, the grades are usually qul.te moderate

Motor equipments give sufficient adhesion.

Let # = force, in pounds per ton weight of car to start

car on level;

G = grade expressed as percentage;
W, = weight of car, in tons; )
a = percentage of weight on drivers, expressed as
a decimal; o dri
b = ratio of adhesive force to Welig t on drivers

expressed as a decimal.
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Then,

Total weight on dri

Vers, in pounds
Total adhesiye forc

= 2,000 a W,

. : = 2,000 @ W, b 2

Total force required for startingongrade G = 7 W, + 20 G ;

e, a

Each per cent. grade requires 20 pounds per ton z‘lddltlf(‘)frolrt

effort. When the grade is such that the tractive c1 el

required to start on it is just sufficient to produce whe

slippage, we must have 2,()

WeW.b=rw,+20 G W, and
= 2000 2 W5 — oy, 2,000a 6 — £
o M= ]
About 70 pounds per top is a fair value for the. effort / .
Tequired to stapsq cqp on the level under ordinary conditlo_n':
if, however, the acceleration ig very rapid, the effort dl.lrm';
ime that the cqr is gaining headway may be much highe

and the acceleration obtainable may therefore b
¥ the wheel slippage,

Examere it g5 PEr cent. of the weight of a car rests on the drivers
and if tp

: 3 ivers iS
© Tatio of the adhesiye force to the weight on the drlverith-
15 per cent. Wwhat ig the maximum grade that the car can start on w

= nds
bage, assuming that it requires an effort of 70 pou

than thig
limiteq

20 = 6.25; i. e., slippage will occur if
the grade exceeas 6.25 per cent. Ang,

TRAIN RESISTANCE
50,

In aq that has o far bee
calculations, th

: € tractive effort hag
Der‘ ton regardless of the speed, wei

1S giveg fairly close results for 1

at moderate Speeds, under the conditions usually met in C.1ty
Streets, byt for heavy single cars or trains PRaraledudt }Tlg'h

» S Used in the heavier kinds of electric traction, it 15
Dot safe g assume a fixed value for the train resistance. At
OW speeds ang with heavy carg the effort per ton may be con-
s1derab1y under 20 po

unds, and at high speeds it will be greater-

n said regarding powel
been taken as 20 pounds
ght, or shape of the carSCi
ight single cars operate

e

Y SYS . \IS
>-R JAY b& o TF
I‘tlli‘:c’l‘[{l(/-l\;\lll\\ A\

a complicated .O.mf’
ber of (1\1:1111.111‘05,

The air fl'lCth.ll
peed and 18

in resistance is
The subject of train HM? l()n a num
because the resistance depenc ht} e speed.
< . e 1 1 - -
Which vary more or less “nlh- square of the S front of
increases approximately as the s the shape of the iro nt
Ry A, t in a large measure on 1 surface. On accou
‘nHe ) 1 c als i :ed S C % o
tlu)cndcn 1 on the area of the exposec ount of the different
1€ cars anc 5 inino the am in, no
stermining f the train,
: ‘lllt Of (](_,LCII ; .)Ccd 8] £43
Of..thc dlﬁjl(‘,mg their relation to the fllculati”g the tractive
lf‘csmtanccb : :t been established for ca Jectric trains under
ormula has bct be exerted to movelc nature of the case,
@ " £ mus g he a
wﬁ’fc;x}t th:lt. ing conditions; and froml;cable formula can b:
Widely vatyf 1 if any generally app been devised that ar
1t i doubti Zber of formulas havi .- use is limited to
1 nun eir 3o fd
:btamed.1 seaurate. provided et tnd to those emstn;)g
W - the conditions cOIrespo las are based. T i
Caseg re \ mulas < a
d'ls(.% Wh}f tests on which the for or three formulas tht.
g, t % simply to point out two me extent, the quan 1f
?bleu iy sed and to show, to Sdo and the amount O
iave en proposed & S : to
t.dv.., been I- ‘11 the resistance depen iven below, 18 due t
'es on which ch. Formula 6, g to give results tha
Tesistance due to \ga d has bece found to s weighing from
mith,™ an on cars ; m
W N ¥ 1 se’ly with tests made speeds varying fp
dgree quite clo ting at schedule sI .peeds during the
8 to 32 tons Ol)erah nriithe maxixnun}l 3 per hour. The
35 miles per hour, miles
rgnto 30 rir:llg frlom about 27 to 44
S vary

f =384 .167.S+ .0025 =77
er ton;
. ; in pounds P
W = train resistance, :
E .é — speed, in miles per hour i

A = in squar
cross-section of car, 11 54
W, =w i S.
eight of car, in ton
z

train
to a 40-ton

le, the resistance oﬁerﬁ? and having a cross-
mF(fr ex?;?fa r;te of 80 miles per h;)d be £ = 8+ .167°x 80
Se(;;’il:fala area of 100 square feet wotl

x—__

i i nstitute
*Pransactions American I
0. 10.

{ Electrical Engineers, Vol XXI,
o
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100 x 30°
+ .0025 % 10

= 13.64 pounds per ton. With heavy
trains, the train re

; . in is less
Sistance per ton weight of train is le
than with light tra;

ns. "™

. ins
51. As an example of the resistance of electric train
obtained from

J.
actual tests, the experiments of Wm. W.
Davis* may 1

; 3 Q7. n

€ cited. Thege were made with a 37 to)c
electric locomotiye hauling bassenger cars of standard tyI
weighing 25, 35, and 45 tons.

The number of cars per train

Was varied from 1 to 5, and the influence of the size of the
cars and the weight of the train on the resistance per ton
could thugs he noted. The curves in Fig. 25 give the results
obtaineq With--25.ton cars; those in Fig. 26 the results
; these show that the resistance
greater with light than with 'heaVY
» & single-car train at 60 miles per hour
58% pounds per ton, wh(-zreﬂsé

WO-Car train at the Same speed, the resistance is bu
nds per top.. The journal friction in case of the
ig-ton °ars is 8 pounds ber ton for all speeds; with the

-ton cars, al friction is 5 pounds per ton. Ig
» the constant journal friction is represente
dotteq line,

The friction due to unevenness
ional to the speed, and in theseé

with 3 ¢

the journ

in the track is

taken Proport
tests wag foungq ¢, be ' %

| f =138 (7)
Where £/ _ track friction;

S = SPeed, in mileg per hour.
_The track friction ig Tepresented by the slanting dotted
lineg,’ That

/ S, the distance between the vertical dotted
line anq the track-fri

ction line at any given speed rep-
Tesents the track friction at that speed, and the distance
between the track-friction line and the vertical passing
0 represents th

d.

€ journa]l friction and track friction

* 3
Street leway Journal, v, XIX, No. 18,
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L o track friction wou
e Hence, the dis-
point correspond-
is equivalent to

iles hour, tl
35 miles per /
o Spigdxoif%;j— 4,55 pounds pcrt t:;lx::
o LGy ines a
:):nc[c between the two dott.ed lupcr .00
ing to a speed of 35 miles

I
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the curved lines represents the air resistance for trains made
up of different numbers of cars. Witha single-car train at
a speed of 85 miles per hour, the air friction is nearly
_16 pounds per ton. and the resistance increases rapidly with
Increasing speeds. The effect of air resistance is not as
Pronounced with heavy trains as with light trains. These
experiments indicate that it is more cconomical, as regards
DPower consumption, to operate the cars in trains than singly,
€specially at high speeds.

52. From these experiments
following formulas for obtaining the tractive €
electric trains:

For 25-ton cars having
85 square feet,

=48 =185

Mr. Davis has derived the
ffort for heavy

a cross-sectional area of about

.0085 4 S* [1+_1(”__1)] (8)

¢

For 45-ton cars having a cross-sectional area of about
110 square feet,
£f=5+.13 s+__—°0°3§[/4§_’ BN (I O €)
" z

Where £ — train resistance, in pounds per ton;

S = speed, in miles per hout; ik
A = cross-sectional area of car, in square feet, 1inclu-
ding area bounded by wheels and truck;

W, = total weight of train, in tons; ]
number of cars in train including leading car Or

locomotive, if an electric locomotive 15 used.

In formula 6, the constant journal friction is taken at

8 pounds per ton; this is rather low for light cars, being less
tests for 25-ton cars.

than half that shown by the Davis ; :
Formula 6 is, however, intended chiefly for calculations
Telating to heavy cars.

n
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POWE
R CONSUMPTION TESTS

INTERU
R
53. Tests made on' BAN ROADS

most reli on cars in e
power rezt;];’- f(rlleans of estimqti\;?ry-;]]ay operation afford the
red f : atng the
ob Z or a probable @ f
Servations of the given service. Such ‘"lm(?unt o)
o Df)wer, speed, time 3 ]ttebts include
Nfluence ; in fac TN i A age, current,
the power t, everything that is liable tO
i Som
Interurba have e very elaborat€
n be
by Mr., Clzoads one of the mo‘z’tl made and with regard tO
Tract: rence Re st complete is th:
7 lactlon COmpany nshaw on the system ’flt conducFed
be Zte to tests mag, of Indiana* The f 0 hthc Union
odi g e : gures 1
ies, weighing 63((’)%0th1s road with cars hqvi'freﬁlfvez
SRITSE motox"s bounds, and equiL)I;ed g'th-tooo
m wi w
ounted on the forward truck. The

Power co
nsumpti
servi ption wa .
ice 50 that the ¢ s measured for both limited and local
an oca

local service t ffect of
3] s A stops could b i
ci?ises23£ miles Dere;?)ii Sgeed for the wh§13 :lt;rrggﬂgi-q.]::
) ere the speeq haé] ut part of the run \\,1'19 .;h : ‘Tf;
limiteded on local sery; to be reduced. Out%id‘ th s
whole Service, the car 'C€ averaged 26.6 miles. ee h : fltles’
runnin;;n and 35.3 r:ilaé:eraged 28.3 miles pelj' liou(;uflo.r tIIlz
i 4(1)1 the citieg The per hour leaving out the slow
reacheqd § and 45 mileg Bl atietations fre g
than 9 90 miles pey hl();r hour, and on one part of tgzeza‘};
3 per Ceper cent.; but g : Most of the grades wer r1 SS
on the dr-lt' The weigh ew short ones w e

. e Weight of the car with pasere e a;

ssengers varie

er y as ingﬁllally from 34 to 34.5 tons-
se f;)f Wattmeter rea(;?ated by the average of 2

nary eg: gures, i ngs, is gi i
Ty estimate » 1t would b given in Table II.
1948 ¢ on g : e safe, i : {8
__ "o allow from r';)g d of the same Qan:ral;mia Rt

a

to 75 watt-hours per :ozrrilcitler fai
-mile fo

—
Street Raj
ailway Journal, vol XX
5 5 , No. 14,
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limited service and 85 to 90 watt-hours per ton-mile for
local service.

2r1t is interesting to note that very
'T)-ton cars on a different interurban roac
Northern Traction Company—give results that
closely with those in Table II. The average power con-
sumption for a number of regular trips with the speed
varying from 8 to 99 miles per hour, was 2.16 kilowatt-hours
per car mile or 86.4 watt-hours per ton-mile. The average
consumption for a number of test runs, with speeds varying
from 19 to 27.5 miles per hour, was 1.96 kilowatt-hours per

car mile or 78.4 watt-hours per ton-mile. The greatest
as for a short run of 1.46 miles at
hour, when the consump-

complete tests made with
]—the Dayton and
agree quite

power consumption w
t¥le slow speed of ‘8 miles per
tion was 148 watt-hours per ton-mile.

TABLE II

POWER C()NSUMI"l'lON (o)
(Interurban Road)

¥ CARS

SRR T e

Kilowatt-Hours Watt-Hours
er v

Class of Service Car Mile Togﬁ\llilc
ik [ P
Local service, outgoing trips . - « « = °° 2.24 to 2.78 | 06710 3
Local service, return trips . . -« ¢ ° ° 7 2.62 to 2.31 | 77 to 89.5
L?Cal service, average for six round trips . 2.62 76.6
L{mited service, outgoing trips . . - ¢ * ° 2.1 58.7
Limited service, return trips . . « < = *° 2.31 71.6

_———————

g.—It seems strange at first
al service (Table I1) should
r than that of the high-

54. Influence of Stop
glance that the slow-speed loc
show a power consumption oreate
speed limited service, but the explanation is found in the
relatively large number of stops necessitated by the local
service. Every time a car is started, a certain amount of
energy is wasted in the starting resistance and energy is also
required for acceleration. The greater part of the latter is
usually wasted at the brake shoes when the car is brought
to a stop. Thus, if the stops ate yery numerous the power
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consumption A
on the Unionp’f‘iqzzin-mlle 1s considerably increased. Tests
action Company’s road showed that, on the

average, the lo :
i ,th cal. serv1ce.required 15 per cent :
p than the limited service, | (e

The following comparison of

clearly the increased power con * et e
s

umption due to stops.

Service Time for Trip

Stops Watt-Hours
per Ton-Mile

Hours | Minutes

Limiteqd ,

Trocal "l ; g 3‘: 71.6 2
Local , 83.3
' 4 89.5 - / %

| 53

It must n g
ot be :
numerous inferred that in all cases local service with

3 stops requi
instance the g ) contrary is often the case. In thi
high (35.3 milite(;:lehspeed on limited service is.notn\::;;
the energy our), but with higher schedule speed

Per ton-mi s
ile for limited service would be greater

than that for
: local i :
110 watt-hours, service and might easily be from 90 to

When th
per hour a comparatiye] ¢ average speed is over 35 miles
large increase in 33 3 ‘shght increase in speed involves a
resistance. er because of the great increase in air

55. Cur

« Current,—

Sl oo t012115 Othe above tests, the cars took at

Blacka’ S amperes and when the motors

sl AL 1the current rose as high as 250 towgi;(e)
| ar

S g¢ currents, however, only lasted for

56, v
U oltage,—T
7 [ AN 454the average line voltage, when the car
terminals of (g 2 volts, but the average voltage at th
Himesiitia RS v3‘(().1rs.was very much lower because somee
P €re in series, with Ty .
e . » With resistance i
P 4, ut resistdnce, or in e
; some cases no voltage at

applied t.
o them, as, for example, when the car was
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coasting or when the brakes were applied. The average
voltage per motor was thus about 237 volts.
tion of the data here

57. Conclusion.—The applica
an example.

given can best be illustrated by working
is to operate ten cars \vcigh-
are to run on local service
al service being

ExaMpLE.—An interurban electric road
ing 30 tons each when loaded. Six of these
and four on limited service, the average speed on loc R
20 miles per hour and on limited service 32 miles per hour. EStmm‘te ttl 1
approximate capacity of the generating plant, assuming 'that the t(? :
loss between generators and cars is 18 per cent. of the delivered power:

SoruTioN.—Referring to the figure 53, the avern.g:3
power consumption, in watt-hours per ton-mile, ‘may be .m'kc? :f.rs?);
72.5, taking the average of 75 and 80 for the limited cars, ‘u‘,( t\t.ll.i)urs
the local service. In 1 hr., therefore, the total number Of A 11
supplied would be:

For local service, 6 %X 30X 20X 87.5
For limited service, 4 X 30 X 32 X 72

s given in Art.

315,000 watt-hours
278,400 watt-hours

5‘:)3’,’40—0 watt-hours.
s in 1 hr. is 593,400 watt-hours
atts, or 593.4 K. W. The loss

v O

Total,

A Since the energy supplied to the car
it follows that the power is 593,400 W \ ‘

between the generatiig station and the cars is 593.4 X .18 =Yl)0t::SK-q\lYé
This represents the loss in lines, third rail, rotary ?on\lcr. fo,re‘ be
transformers. The average output of the station will tl;lc cnm;
503.4 4 108.8 = 700.2 K. W. On an interufbab sy Er s
paratively few cars are operated, the ﬂuctuatl(;ns ‘:1 .oa t‘he aver-
great and the maximum load is usually f;:om 1K) L), '“miid he:xtim:
ageload. Also, considerable power ;s required for hghtxtr:]g @ mach}ner}
cars and lighting stations. In this case, therefore, Z S
should be capable of furnishing at least 1, K. \V.-’ fmu two gener-
insure against shut-downs it would be advisable to insta T
ating units of 1,000 K. W. each, or at lead
500 K. W. each, two being operated in paralle
ditions and the third kept as a reserve: 1133

LT e

CcITY ROADS

58. The power consumption per t .
city roads than for interurban 1iffeg..; Thejoars @Is lighter
Whd the ‘tractive effort per fod greater, the. stops are much
more frequent, and in most cases the track is not as s
in as good condition. Also oft account Of. the slow .Speed
and numerous stops, considerable power 18 wasted in the

t three generators of
1 under ordinary con-

on-mile is greater for
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TABLE IIL
POWER CONSUMPTION OF CARS &
(City Road)
Type of Motor Horsepower of | Nembet,of | Curreat Meximam | Averags | average | per
(Railway Rating) per Car Amperes Amperes Volts ats Car Mile -
| e T RN G,
Westinghouse, No. 3 . - 30 I 13.3 6o 538 7,155 812 =
Westinghouse, No. 3 . . 30 I 26.0 60 519 13,494 [T 1,180 S |
Westinghouse, No. 3 . . 30 2 37.7 160 470 17,719 1,600 WA i
Westinghouse, No. 3 . - 30 2 30.6 125 470 14,382 1,249 (": ',
Westinghouse, No. 3 . . 30 2 20.3 8o 470 0,541 864 73 5
Westinghouse, No. 3 . - 30 2 17.0 72 474 8,058 690 e j
Westinghouse, NOSES: e o _ 30 2 17.8 65 488 8,686 781 F '
Westinghouse, NO: 3 s o 30 2 18.0 88 494 8,892 804 = :v
Westinghouse, No. 3« « 30 2 20.1 75 498 10,010 1,062 o |
Westinghouse, No. 3« « 30 2 17.3 70 519 8,979 814 s }
| Westinghouse, No. 3« « 30 4 38.9 175 486 18,905 1,636 w
Westinghouse, No.3 . . 30 4 41.2 150 446 18,375 1,805 ; .
Westinghouse, No. 49 . . 35 2 34.0 125 452 15,368 1,479 N ‘
Westinghouse, No. 49 . . 35 2 27.0 118 444 11,088 1,034 F’
Westinghouse, No. 49 . . 35 2 10.6 75 494 5,236 539 =
Westinghouse, No. 49 . . 35 2 18.7 70 492 9,200 798 »
Westinghouse, No. 49 . . 35 4 43-5 170 471 20,489 1,924
Westinghouse, No. 49 . . 35 4 44.8 170 536 24,013 2,128
Westinghouse, No. 38 B. 50 2 50.8 185 435 24,638 1,845
Westinghouse, No. 38 B. 50 2 47.4 200 478 | 22,657 1,845 o |
Westinghouse, No. 56 . . 60 4 l 110.4 420 471 ‘\ 51,998 3,778 > 1
\ P A e |
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ol 6 single-truck 4 No. 5 ¢ 400 2 00 cross-compound | Horizontal with motors. A. C.
flat cars M 5 direct- | 3 | 300 | atertube distribution from sub-
_/ | connected ' stations
B Inlt)er- o — 2 onn X e [0, e et -—
urban 20 by B S SRGSCE Y
60 ft. o | . gistribution to four
so ft. 1G. B p. Horiz A. C.distr
- __ 4 75 H. v = 80 | 2 cruss-cm?;?)toagnd Horizontal substations each con-
T \ ‘ direct- Al 16 500 | water-tube taining two 300 t‘ os;
~—— ] connected watt rotary conver er
oy i o LI
c | Smail ) B I S-S ol s (. e e
cit 9.16| 40 t | )
¥ B i 18 ft. s‘ :"P""(‘lbi"Cd L On | 2 150 g Tandem | Horizontal
e gulgw m{ i ¥ 3 e 175 |compound, belted;| 2 150 returnl D. C. distribution used
Wy plow - 2 P i o8 tandem lt:r‘i’;l(‘)::;ll throughout
compound, 2 300 J K
- / = direct-connected . I water-tube |
i g, ORI CAO 1
D| Cit L} Combined water-power
y |116.8 | 268 9.and 10 hige Y 5.8 to g oha steam plant.
ench 2195t 2 G. yi v 6 Tand Each generator driven
: 38 B | 700 6 andem Horizontal cither bY engine OF
) 750 compound, 8 500 | water-tube water wheels giving
-/\ vertical 1,200 horsepower
E | Inter B B under 25'-[1(2"15“(1
urban | 39-5 8 8 3y et R | [ i
44 ft. 6 in. 1 freight car, I‘I'Y‘ l A. C. distribution:
42 ft.long 4 50 } <) 250 Horizontal com- Horizontal Froight car has same
l\ : =90 . pound, 3 260 water-tube motor equipment as
‘ L direct-connected passenger cars
] - LN /—‘_
F | City ’ 18 ft. 20 ft. oy IR (s & e —
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starti !
toirllrtm‘g rC.Slbtzmcc. The average power consumption per
cqs'mllt? will seldom be less than 90 watt-hours and in most
ases will exceed this amount; 110 to 120 watt-hours may be

taken as . s 4 X
en as a fair approximation. The watt-hours per car mile

will usually lie between 750 and 1,500 for single-truck cars
and between 1,500

:ri:]h 2two motors of 30 or 35 horsepower,
a5 ho,500 for dou}zle-truck cars with four motors of 30 or
" nurr:‘lsfpower.. Table III sl?ows the results of'tests o?
e er of dlfferent.run-s w1't1'1 motors of the sizes ordi-
y .y used .for ope.ratlon in cities. The first two cars are
quipped with a single motor with rheostatic control; all

t X
he others have series-parallel control.

EXAMPLES FOR PRACTICE

le 1. If 25 pounds per ton is required to propel a 30-ton car on a
a"el track, what total force must be applied to propel the car up
2-per-cent. grade? Ans. 1,950 1b.

2. If a total force of 500 poun pel a car at the

ds is required to pro
expended in

many horsepower are

v ::te.of 15 miles per hour, how
oving the car? Ans. 20 H. P.
8. (a) If a car weighs 25 tons, what force must be applied to

hour per second? (6) What

Produce an acceleration of 1.25 miles per
ce the acceleration and over-

zn\lst be the total force applied to produ
28“‘3 the train resistance as well, assuming that the latter amounts to
pounds per ton weight of car? Ans.{ (@) 2,850 1b.

1 (&) 3,350 1b.

Wi 4. A certain car has 60 per cent.
ceng wheels and the adhesive force b
nt. of the weight on the drivers.

Weight of car is necessary to start the car from rest.
pe started without slippage of

:;eepest grade on which the car can
¢ wheels on the tracks? Ans. b.2b per cent.

etween track and rail is 15 per

A force of 75 pounds per ton
What is the

EXAMPLES OF RAILWAY EQUIPMENT

59. In order to show the character of station equipment
Used for the operation of a number of typical railways,
Table IV is here inserted. In all cases, except A, compound
Condensing engines are used; road K is situated in a coal-
Mining region where fuel is cheap and water suitable for

of its weight resting on the dri- .
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condensin u

il afrge pu;é)do'sezscarce; hence, simple non-condensing
i TR R g thif all the roads except G, water-tube
in railway WOI‘k’becabu ‘tYDe of boiler is almost essential
S T steaminsf the demand for power fluctuates
to the changes iy Joug g of the boilers must respond quickly
beyond their re T . {Xlso, they must admit of forcing

gular capacity in cases of emergency.

§36

ow
60. The cost ER

plants varies great]of generating power in electric-railway
it includes Hans ity’ 4s one would naturally expect, because
.In fact, in even theesms L are subject to wide fluctuation.
INg some monthg thame Station the cost will be higher dur-
Railway Review. oi an others. Table V, from the Street
ating-power in s;{ilve‘s ﬁgures relating to the cost of gener-
be noted that the ¢ stations of considerable size. It should
labor, supplies WéttOtal Cost covers only the items of fuel,
Interest on thé i €T, and repairs. It does not allow for
The cost per k-lllveStment’ ot depreciation of the plant.
vowatt-hour, ;Ot including interestp and
; Vo cent and 1 cent for man
i, 1 e oot G
ilowatt- » ©LC., will lie between 1 ¢
’_De somewhath{)):;o and in some of the largest pl';ttllczs2itc§1nat}s’
1S sold from one 7 1 cent per kilowatt-hour. When power
charge ig 3 cents rallwz-ly Company to another a common
boarq should pe epe.r kilowatt-hour., Every station switch-
O measuring thequlpp_ed with at least one recording meter
Provide twgo mete o output, and it is a good plan to
1S being Calibrategs SO that one can operate while the :)t11er
Should he checked - In case only one instrument is used, it
tions are correct, at frequent intervals to see that its indi’ca-

61,
ating D
Necesgy

Station

Reco

ower in statli'g.RIn order that the cost of gener-

Iy to keep s “1 may be accurately known, it is
blete record of the various elements

§36

TABLE V
COST OF POWER FOR ELECTRIC RAILWAYS

(Output Measured by Watlmeter in Each Case)

ELECTRIC-RAILWAY SYSTEMS
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* Price of oil per barrel.
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the
entering into the cost, together with the tota} outplﬁd(;fy 34
station. By dividing the total cost of operation per R
the total output in kilowatt-hours, as indicated bs'r thebrtiined'
ing instruments, the cost per kilowatt—l}our 1s E ;cces"
Fig. 27 shows a form of daily chart that gives all tl Ctes s
sary information in 2 VEry compact manner and indica A
actual readings as takep for a 24-hour run qf the Can L,
and Suburban Railway Company’s power station. This o
direct-current plant throughout, Distant parts of the sys

ented
are supplied through boosters, and on the date repres
by the chart tw

O storage batteries were also i.n operatlt;);_
The switchboarq s equipped with high-DOtem_lal a}“? hes
potentia] bus-bars, The full size of the chart is 23% lncolt.
by 25 inches, and in the upper part are shown: ﬁ.rst, thet‘)’ ke
meter readings op both high- and low-potential bl}S' aoE
second, the storage battery current; third, the readings o
meter. All these readings are taken -
and the heavy lines represent thfa a'veht
A. M. until midnight, and from mldm.g 4
tical dotted lines show the length of t'llmr
ng which each booster, generator, boi ed:
etc. was in uge; feedwater temperatures, vacuum-gauge rea 4
ings, etc, are also recorded as shown. In the lower left'har;e
part of the chart, the readings of the recording meter§ ?ed
given by marking the position of the hands on the prin

ST the
dials. For the 24 hours, the total output as indicated by
two main recording ing

truments was 30,225,000 wa.tt-l.louré‘:i
or 30,225 kilowatt-hours; the dial readings are mdmatet
by the figures immediately above each dial, and they. musS
be multiplieq by the meter constant 5 and three mphe}:e

give the watt-hours, as shown. at t]f-
bottom of the chart. The remainder of the ch‘art 15 756
explanatory. The total cost of operation, including fepalri’
for the 94 hours is $200.17, making the cost per kilowatt-
hour $.0066, or .66 cent,

the main-station am
15-minute intervalg
age current from 7
to 7 A. . The ver
and the hours duri
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