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E?lltchl‘:, th'cTr function being to warm the feed-water by means
B o e ting o
e ;Vith:l \{L\} to the expeditious handling of
T ‘ mllmmum of lubnr.‘ To accomplish
e b\ CI;{L 1? coal from a railroad car and un-
omcssk D€ pdibad b()ilun Qrs l?encuth. the track, extending
B Ce]hr‘cr‘;oom immediately opposite the fire-
e s un;s (.)ul(l l?a\'e storage capacity for at
S S-L;bw'lcss t'hcrc is m}uthcr large supply easily
T e ma); A ‘ﬁ{tIT]ddY .l)c built beneath the ash pits,
G the aghc: b w1lth doors to open downwards,
ning e bem‘mt]. (d:; ).c f\vcpt into a small car run-
s stifia] )1.. his is a refinement of practice,
may be used when ;t L m‘ B e ot yory laxge plants, (ut
L 1? necessary to clean out the ash pits
e . he owners of the plant are willing to incur the
a expense.
It I;Sr?l\;lsl;)ll\lv:;lés\tvgﬁ illad.c for an unlimited supply of water.
e zilthou }(It%ust entirely to .thc city mains for
Whed-the stz;tioﬁ i g TUCh a source 1s‘usually reliable.
e o advisable~t:zti:n](?c,?t‘ednnefar running water, it may
v K & A y n 0N
pumped into a tank, and th‘i:L \\’fatr:rmf i hld'l ‘l"*‘t”. “?a)’ ¥
rar S R rom the mains used
ergency.

ENGINES AND DYNAMOS.

rafwsaz'gp.ow’grztziiloé:ngin? wh.ich is most suit-able for a
S i e pe}l)ldb entlrely. upon the size of the
T s;)eed - ]1un-l er of cars in regular operation.
I Sgu atlmn under 'w1de1y varying loads is
s thergf(;r[))ee(r’- automatic _cut-off engines, and
iy S l’ittk; Con:’dl,)‘l,lt'wldar'ly suitable for very small
L e\’tremfl c:;dtmn will show thut. such a road
A (;nl OSS 0 .I?Zl(l at very short'mtervals; for
e simplyy tﬁ Cc;l.‘ln.serwce, the sta'tlon load ‘\vould
o i wag, ate 1‘1ct1on of the 1}1()v111g machinery)

§ rest, and a maximum when it was
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When a second car is added,
tions will occur so often,
the nearer will the
until, with a very

starting on a heavy grade.
it is not likely that the same condi
and the more cars that are operated,

load approach a constant normal value,
ill be a maximum at certain times

ally to the lowest point in
For such an installa-

large number, the load w
of the day, and will fall gradu

the early hours in the morning.
tion, it is best to use low-speed Corliss engines, and run

them with condensers, if water for this purpose is readily
available.

transmitted from engines to
ht double belting, countershafts
already explained; but a very
pecially in Jarge stations, is to install
ts, the dynamo frame being bolted to

By this arrangement, the loss due
a great saving is made

2580. Power is usually
dynamos by means of a lig
being largely employed, as
general practice, e€s
direct-connected uni
the engine base plate.
to belt slipping is eliminated, and .
in the required engine-room area; The question ."f the
proper proportion of engine to dynamo power 1s, 10 this
case, already determined, but for belt-connected plants, it
should be a matter of careful consideration. A dynamo
may be run under a light load, be efficient, whereas

and still
an engine, under the same circumstances, 18 bdec1de]fll};
: : X e workec
inefficient ; therefore, the latter )

should, as @ rule,
up to nearly its full load—that

is. the engine should not be
S .
too large, while the dynamo may pe of greater capacity.
ill give a g00

Such proportioning W1 d workmfg cc-)onlom.y, tthc
normal rating of the dynamo being from 19 to 20% greater
than that of the engine.
d in any given

s to be us€
liscussion, some

2581. The size of unit
d much ¢

plant is a subject which has arouse L el
favoring a number of small machines, other i:le two small
ones. The best practice is, probably, t(E IZI’;‘;ZG i
q SER O & 4
generators, adding as many others, o)

i required
as arc necessary to obtain the }equ e
'11'1"mgement the running mach y

capacity,
he load and worked efficiently.

horsepower. By this

can always be suited to t
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}l\l:tltc:l sm‘;rcrt);]c]:;rii .r.(.)il|d is 1fndcr consideration, the small
L dc“vcr‘ .)(\Nc.s e quite large, comparatively, and
200 horsepower to the line. The largest
generators, of say 1,500 kilowatts or 2,000 hors oo
frequently c soted: di e LR e
: LSS i Com.lcct(.d directly to the shaft of large triple-
ii\)i):mmj} ver'tlcal marine engines, which afford a consider-
;Omc\ji;ltn'g} H} ‘gn')und space, :}lthnugh their first cost is
ml” at above thtxt of the horizontal type. It is not well
%) t)};li\: ]tlz(zcl::zll:l);edlflf\crent sizes of dynamos in one station,
e v ﬁtting;in‘ %t(s ‘k.ccpl‘ng. so many extra armatures and
gl t{ o ck; this is one reason advanced by those
i i ]u. use (?f a number of small units, in preference
ec(;non\]vy(;n zrfcr:;tsll()/c, or z'm ’ind'iscrimi.nutc cgllcctio_n; but
P n will always be best attained with the

arrSa.ngemcnt of’units already recommended.
e,\trl:;ittzl(::g::x? are called upon for sudden, and, often,
i g é s in output, heavy fly-wheels are of the
mediu;n_spe[:zlrzinc.e 1s spc:‘d rcgtflators, and, in the case of
a e gines, of 200 or 300 horsepower and over,
gl t is generally from one-quarter to one-third that

of the engine itself.

CAR HOUSE AND REPAIR SHOP.

arezftgria d'Lll‘illi cztt;l- house is a buildix.lg in which the cars
W Operationg t gs?lht)urs of th.e night .when the line is
TN ; zIm' should contain all facilities for inspec-
W AN pfor.it t is not necessary that it should be near
A Oth;r endngy be lc?cated wherevel: convenient, even
A S bo the‘ line. .Telephomc communication
Curren,t ki , be provided W.lth the power house, so that
ST o C(Zlhrfs mf"ty be available when required. Space
ol e gaoL bomewhat.l.norc thill'l the number of
iy (;f thprov1fle for additional rolling stock, as the
T e e system may warrant. The general plan
o F 1111 ing should be long, and traversed by as many
Snt e tracks as the required accommodation calls for, all
ering at one end, and each track closed by a large folding
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on brickwork piers or

door. The rails should be laid
with a clear

walls provided with substantial foundation,
space between, forming a pit four or five feet deep, by
1dy access may be had to the motors
and other fittings under the car body. The floor of the
pit should be laid with concrete, as small trucks may then
be easily moved along it, carrying armatures or other parts
With the increasing weights of motors, the
them into place by main force is
It is, at best, a very
and the

means of which re:

for the cars.
old practice of raising
becoming more evidentl
inefficient means, wasting b
most satisfactory method of handling
hydraulic jacks, which may be
bought on the market, adapted to

this  particular purpose, and
ks to run on rails

y inadequate.
oth time and energy,
is by the use of

mounted on truc
laid in the pit.
2583. The wiring of the car
house is a simple matter, one over-
head wire being brought in over
sach track and connected at the
door by a switch, so that it may
be cut out of circuit for the sake
of greater safety in handling the

motors. These wires may be sup- !

ors, as shown in if %
tended to be fastened to overhea

5. 6. The clamp ¢ holds the
) 4 A
bottom, and 18 screwed to an

h the frame @

some provision for run.ning
This is sometimes accom}‘)llshed
lined, so that the cars will run
when the brakes are released;
t the controllers of all cars on
it for the night, but cut off
In case of fire the

ported on insulat
Fig. 1043, and are in
wooden beams by the lugs
wire in the groove at the
insulated bolt passing throug
2584. It is well to make
cars out in case of fire.
by making the track inc
down and out by gl'ﬂVitY,
another suggestion is to se
the first notch when they are left 1
the current from the overhead sections:
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switches at the doors, may be thrown over one by one, and
all the cars would then slowly move out. I’r(;buhly the
best plan is to make the building of brick, with concrete
floor and iron roof, so that the danger of fire will be reduced
to a minimum.

; 2585. When the car house is situated near the street
line, the several tracks running into it should not start
* _ from the main line, but a
b ]\ = :si(ling s, Fig. 1044, should

D, be laid out so that through
cars need not go over so
many switches. Those
from the left pass over the
switch @ only, those from
the right over & only, sav-
ing some amount of wear
i P and tear on car wheels

and greatly prolonging the life of the switches.

Car House

—
= = e :."L'._§

2586. The repair shop may be built directly at the end
of the car house, being, in fact, a continuation of it, but
separated by the wall. Here a few tools, such as lathes, a
small planer, shaper, milling machines, boring machines,
hydraulic press, grinding machine, etc., should be available,
as well as a blacksmith shop, so that repairs may be
promptly attended to. Of especial importance is the grind-
ing of wheels to remove any flats which may and do occur,
owing to ill usage on the part of careless motormen, or to
soft spots on the wheel. The question as to whether it is
well to regrind wheels depends upon the cost involved, and
also upon the likelihood of continued service. If a wheel
has run about 40,000 or 50,000 miles, it will, perhaps, not
pay to regrind, because so much of the surface is worn away
that there is no depth of chilled iron left, and the tread
of the wheel is soft. Then, again, if the wheel has to be
removed from the axle after running 35,000 miles, the
expense of so doing may not pay for the increased mile-
age obtained. Special grinding attachments may, however,

- o
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» r > y 1 > - > V;l'

be had, which may be fitted to the axle while thc1 G 1)

is blocked up from the rails, and the wheels truec “1'

and with little delay. The motors

e wheels, resistance being

i i i ., gpeed is about

inserted at some suitable point until the bpclcd 1s illl.)oof
i 2 » other pa

100 revolutions per minute. When the Ot.ui),l. He

on the track, that motor must be cut out.

allowed to develop, they will

i sy caus savy blows

tend to destroy the track, since they cause ::]Lilng) e

to be delivered at every revolution. Frequen ‘.tilzms 7

should be made of all cars, that no loose connec 5 .are
‘ : shes, gears, etc.
allowed, and that commutators, brushes, & y )

kept in good condition. u

Another division of the repatr ((jl

! N

shop. Cracks develop in the car snninq

to the constant vibration due to running,

: ; appear
be filled and painted as soon as thcyAllpgars,nced 1|
the access of water to the interior.

nishing about once a year:

-

without removing them
on the car are used to revolve th

wheels is resting
If flats on the wheels are

partment is the pa.int
es frequently, owing
and these should
to prevent

DS.
SWITCHBOAR
: i s for cable
S itchboards are insulating supports fo i
LoD 4s e : ts, and switches, and have
terminals, measuring instrumen é_i()j b e
2e i 1 Arts. 2389-<4 . '
been mentioned in £ St & Sl g slate, fre
made of a number of vertical St it ool s
quently six or seven feet 1n hel'gllty.;th These Hivisions
teen inches to two feet or more 11 \vcl1 5 -With s A
are, callcd Do A 4Dl i provll 3 regulation of one
- he
other instruments necessary 5 tthe E ere being those
- circu
e1E f one feeder CII ) T e
generator or o L TR from the btdtl()‘ll ol
ool Theswitchboard must be selta g
; ted by brac
distance away from the Vae o bltlpSI})Oarce bei:g allowed
oL ¢ :. i )
fastened into the brickwork, sufficie he wires.

3 t
i andling of
venient he S50
for ready access and con armngement of switch

: of ; ¢
There are many different styles of o method i shown 11
board appliances but a I'CPYesenmtlv
« «l )

wires which
centers of distribution.
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Fig. 1045. There are generally two main divisions, one
of which contains the panels for the generator instruments,
and the other those for the several feeders. In the illus-
tration we have shown a switchboard for two generators
and four feeders, to which extra panels might be added
as the business extended. The generator panels are on the
left, those for the feeders on the right. All connections
are made behind the board, and the wires are shown dotted
in" the diagram. The bar running all the way across,
marked +- 7, is the positive bus-bar; the negative bus-bar
is — £, and is much smaller, both in cross-section and
length, as it is only required to carry the current from one

s
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)
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!

= _]
|
i
2

€]
5

(=
T
1

Fi1c. 1045.

generator, there being a connection to ground at . On the
generator panels at the bottom are the double pole switches
G. S., from which leads are run to the generator terminals,
as indicated. The current passes from the positive side
of the machine through the right-hand blade of the switch
to the ammeter shunt s, then through the circuit-breaker
C. B. to the positive bus-bar. The wattmeter W. M. is
interposed in the circuit, being located, as shown, on ‘the
central panel; above it is the load ammeter A4, connected
across the shunt, which indicates the current output at
any moment; the wattmeter sums up the total power which
i4 delivered to the whole feeder system. At each of the
feeder panels, connection is made to the bus-bar at a, and
current is taken for the outside circuits, passing through
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e board, then down to

the circuit-breakers at the top of th ‘ .
r switches

and the single pole fccflu
marked that intersecting le
unless they are
considerable
wires or

the ammeter shunts s,
F. S. It may here be re ;
shown in the figure, do not touch each other

i i junction;
marked with a dot at the point of junction; oy
hetween any bare
be firmly secured sO

r of their coming

ads, as

clearance space should be given 1
bars crossing each other, and they must
that at no time will there be any dange
into contact.

At the back of the generator panc
the handles of which project throug é
with the shunt-field windings © th
1d strength. CII‘Clllt.-l)lc‘l.(,l.S
¢ much quicker 11 action,

They are simply
ased by an electro-

ls there are rheostats R,
h to the front. These
i i i 1dings of the
resistances are in series
generators, to regulate the fie
are used instead of fuses, as theyar
and more easily adjusted to mjay curren;.
automatic spring switches, which ar'e re ret’lin Ryt ]
magnet when the current e.\'cced.s a c}e’m‘dlc' S I
are reset by pulling down the switch ’ht e ool
a bell is used as a signal to show theilt e ey o
the feeder lines is broken, in case he did no
e s avoid the ne-

is used to :
he instru-

i
2588. The ammeter Sllunt.: .nt through t
cessity of sending a very heavy Liah

F1G. 1046.

: i t. 240
ment. Itsuse was 1‘cferred,to in lAelavy ",
is shown in Fig. 1046. Two h

ruction
als 4, 7,

0 its const
per termin
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are soldered to the ends of the cables ¢, ¢,, the recesses
being shaped to fit. Connection between the terminals
is made by strips of metal alloy @ soldered in place, thus
forming a path of higher resistance than the main line.
The ammeter leads are brought to these terminals and
firmly clamped in place by the bolts 4, 4. The instrument
thus becomes virtually a voltmeter, indicating the drop of
potential between those two points; but, since this is pro-
portional to the current flowing, the resulting readings
are correct.

2589. Every panel should have a distinguishing num-
ber or letter, repeated, in the case of the generator panels,
on the machines which they control, so that no mistake may
be made in switch manipulation and any trouble set right
without delay.

An extra panel may be provided to carry one or more sta-
tion voltmeters, or they may be mounted on the central
panel. A ground detector, similar in principle to those already
familiar to the student, may also be added. This will take
the form of two series of five lamps, connecting between
each bus-bar and the ground.

The dynamos are always compound-wound, and an equal-
izing bar may be added to the switchboard, as already ex-
plained in Art. 2402. Lightning arresters are to be placed
on all outgoing feeders, usually just outside the building, to
protect the dynamos and instruments from damage.

THE TESTING STATION.

2590. The testing station is a most important de-
partment of the railway system. It is not at all necessary,
or even desirable, that it should be close to the power house;
in fact, it will be found that greater precision of measure-
ment can be obtained when the instrumentsare removed
from the influence of the strong currents in that neighbor-
hood, which may affect the galvanometers and prevent ac-
curacy in testing. The apparatus required will include a

through a resista
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described in Art. 2167,
ally or not, as desired; a
a Wheatstone bridge
In addition to these,
a standard

reflecting galvanometer, as '
capable of being connected differenti
battery of 150 Leclanche cells, and

(capacity about .1 to 10,000 ohms).
a ballistic galvanometer,

e of 4y microfarad.

it will be well to provide
condenser of about } microfarad, and on
The reflecting galva-
nometer is used in test-
ing the insulation
resistance of the cables
when there are no dis-
turbing currents in
neighboring  conduc-
tors, the arrangement
of instruments being
shown in Fig. 1047.
The galvanometer and
shunt are represented
by ¢ and S, respec-
tively, and may be L
short-circuited by @ N%I'g
means of the key A,

One block of the plug G,
commutator A, is con- FIG. 1047.

nected to the cable Py
nd G
core, or 10 ./ SHEL o grOul e galvanometer. The
resistance 7, and the larger block to the g
(s ) s

i <  to the galva-
battery A is connected by @ reversing key &

it i cted
it is conne 3
nometer on one side; on s
nce MV equal to tha

hrough a high

other side,
o of the battery, to the

earth at G,. R ks

STING-
LE TESTIN :
o __The following method

2591. By Direct Deflectif)-ﬂ-The far end of the cable
iused 4p making il teStlbe'te metallic circuit throug}‘z
i e i 3 fficient

S at there is no comp for a su
ltshfreed, SO;:d the near end 15 grounded for @
the core, and
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length of time to dissipate any charge due to previous elec-
trification. All leading wires between cable and instruments
must show infinite insulation resistance to ensure accurate
testing. The first operation, when all is in readiness, is to
find the galvanometer constant, which consists in obtaining
the deflection through a known resistance, using the galva-
nometer shunt .S, Fig. 1047. On inserting plugs in hole 7
of A, and in 3, and depressing the upper key of K, a current
from the positive pole of the battery will flow through the
galvanometer gand resistance ; the same deflection should
be produced with the negative pole of the battery, and, if
desired, a reversing key for the galvanometer may be
employed, so that the deflection will be in the same direc-
tion. Earth currents should now be observed, if any exist,
by cutting out the shunt .S, removing the plug inhole 3, and
changing the plug in the commutator A, from 7 to2. Thesign
(4 or —) of the deflection should also be noted and added
to or subtracted from the final deflection obtained later on,
according as it is against or with the battery current. The
cable is now to be charged from the battery by depressing
the upper key of K, the galvanometer being short-circuited
at K, and the plug inserted in ; after 30 seconds, IS Risires
leased and the galvanometer readings noted every 15 seconds
of the time required, which may be 3, 4,.or 5 minutes. The
mean of the deflections at 45 seconds, 60 seconds, and 15

seconds gives the true deflection for each minute. Imme-

diately after the last reading taken in this manner, with the
battery to the line, the galvanometer is again short-circuited,
the battery key K released, and plug 8 removed. Thirty
seconds after thus disconnecting the battery, return readings
are taken from the cable at 15-second intervals, the galva-
nometer key being opened. The mean return deflection for
the first minute, added to the mean deflection for the last
minute’s charge, gives the true deflection for the first min-
ute’s electrification. The cable is then grounded for a time
sufficient to thoroughly discharge it, and the electrification
tests are repeated with the negative pole to line, using the
lower key of K.

-3
-2
14
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2592. This whole process may be simplified by pre-

senting it in algebraic form. Let
/3 = resistance of battery 11 ()hm.s;
alvanometer 11 ohms;

(; = resistance of g: 85
s = resistance of galvanometer shunt in ohms;

» = high resistance in ohms;

R = total resistance in megohms '
shunt, battery, and high rcsnsta{lce ,t-

d = deflection for galvanometer constant; A S

d. = deflection for cable, corrcctcd. for eartl 1 bh :

/ = insulation resistance of cable in megohms. .

n in Art. 2202, relative to

in ohms of galvanom-

alv: ith
ms* of galvanometer wit

According to the rule gIve!
int resistance

e multiplying powe
GS_ 4 B)+10°:

: G+ S  Then, R= ’+ﬂ—§+ ) '

shunt will be I g ‘{eflection

h this resistance

.rived circuits. the jo
derived circuits, ] r of the

Gs
! e and th
eter and shunt = AT

it when obt
hunt throug

y R gives the galv

" : L
resistance in megohms of CIrct
d. The deflection without a5

G+ S which multiplied b

will be l__}___,
G LS mhe insulation resist
s

anoni-

ance of

eter constant = K 4,

the cable in megohms is then,

G -EsS
Rd ——

‘constant __ RSNy (368.)
e : by the direct
2 3

' sistance of @ cable 0y veL
gl y constan

To find the z'nsulat'
deflection method, obtain ﬁfS A
described, This number ﬂ"’f’m’" )” , yesistance mn
Srom the cable will give the z”Sulﬂf‘wul'1ti0n resistance of a ctﬂbI:é
ExAMPLE.—It is required 'fO find _the 1.ns ’ y having @ 1'0515 :11:0f
g(f)(;1 )0011(1)1?;1521 iii?:vféls?stance pox of 1,000.00O

vmzomctc !
¢ the gal dcflc‘f”"’” Jbiained

e gonms.

il hms.
#*NoTE.—A megohm is one million ©

«a . _'
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through the resistance 2 is 240 divisions, and the deflection from the
cable, corrected for earth currents, is 193 divisions.

SoLuTION. —
Resistance of battery B= 450 ohms.
Resistance of galvanometer
and shunt ,G wit Y 810 ohms.
G+ s
Resistafice of box 7 = 1,000,000 ohms.

17[)?31;0 ohms = 1.0013 megohms.
G+ s 8,100 + 900

The multiplying power of the shunt is - R e T e 10.

o
Then, the galvanometer constant & &, i ‘ * =1.0013 X 240 X 10 =

2,403. The deflection &, from the cable is 193 divisions, and the insula-
tion resistance will be, by formula 368,
2,403
J [ — il
193
When 7 is very large, compared with the resistance of galva-
nometer and battery, and only approximate results are desired, suf-

ficientaccuracy is obtained by making £ = » in calculating the insulation
resistance.

= 12.45 megohms. Ans.

2593. Testing by Ballistic Galvanometer.—The
direct-deflection- method can not be used when adjoining
cables carry heavy variable currents, as the readings are
affected thereby, and it is therefore not suitable for testing
one cable of a railway system when others in the same con-
duit are supplying current for cars. In such a case the
ballistic galvanometer is employed to measure a charge

held by the cable, the amount of leakage in a given time

being dependent upon the insulating qualities of the
covering.

2594. In the ballistic galvanometer, the suspended
magnetic system is so constructed as to be of considerable
weight, and to give the least possible damping effect. If a
momentary current passes through the coils of the instru-
ment, the impulse given to the needle does not cause appre-
ciable movement of the magnetic system until after the
current has ceased, owing to the inertia of the heavy mov-
ing parts, resulting in a slow swing after the impulse has
ceased. The maximum angle of swing may be read by

me
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irror secured to

watching a spot of light, reflected fl‘(.)l"nli; 'n:]lil\fi(()]rc;cSmlc b

the moving parts, move across a suitab _\. ne 4 I)Uint o

used in the Thomson reflecting g:ll\':nnnn.ct':rd,\‘ e

which the spot of light ceases to move {(?l}‘)‘n l.l;Cd g 1
to swing back, is the angle of deflectic

calculation.

A ™
uired for these tests should c9
arged with a solution
hich will prevent

2595. The battery req R
sist of about 150 Leclanche cells, ¢

9 .1a] strength, W
only about one-fifth the .5 iﬂth :'rc;lt used is sO small,
nce the Ct <0 Telis

& ‘ 1ce 1t.
; ~otive to prodt ;
jently actiy I as all wires

the salts creeping, and, si
the solution will be suffic tery, as well
necessary to highly insulate .thC h‘-l't%' )t,hC cells may be ar-
and switches, in all insulation tes .,’n;-cclain oil insulators.
ranged on glass plates supportcd (-m l‘onncctcd and brought
At various points, flexible ]ez.lds are Lnt table, or made fast
to a convenient part of the 1nsth?Cme where connections
to studs on a suspended insulated ‘ans’ of metal clips at-
may be made to their ends by meé

tached to flexible cords. ulation by

i ins
in testing 1S4
i mination of the

2596. The method employe ‘
aring it with

4 : deter
the ballistic galvanometer 111\{?1\"35 the
capacity of the cable, wh1c1.1 is ¥
a standard condenser. Betor}i? e in
necessary to neutralize the chd gtime to the € e
having been subjected for a IOH%hC d ic to retaldn 1Ty
500-volt potential, which causes S g y an i
siderable electrification, thh. & disconneCted frot /2
tinuously into the cable afkenltoly d before comm-ertlc;r;%
source of supply. This, 1 higher apparent E5)
tests, would indicate 2 muChets

\tralization may be
than the cable really possesses.f tlﬁ:tc i pe.rhirl):’ti
o o grounding g S possi le or desird
couple of hours, but it is not alwaist :
wait so long, ‘and other m
cable is charged positively
then it may be brought to
volts negative, the time of

eanS m
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thirty seconds. A peculiarity to be noted is that the cable
may r.eturn .churgcs alternating in sign, in reverse order to
that in w}'nch they were applied. A test for complete
neutralization is to insulate the core for one minute, and
see that no deflection is produced on connecting to earth
through the galvanometer. )

'( L - . . A
- 20;)7.. .In determining the capacity of the cable, the
Zrlc?ld is disconnected from the trolley line and insulated.
b ft(, c]ctxon d, is then obtained on the galvanometer with
(t; aI?(drd condenser of, perhaps, half a microfarad, and
The same 'battcry being used) a deflection d, on the cable.

e capacity of the cable may be determined by the
following formula:

If 1(:l = capacity of the condenser;
K, = capacity of the cable;
d, = deflection from condenser ;
d, = deflection from cable,
. K.=K%  (369.)
> 1 (lll' 4
.I/V/'zm comparative galvanometer deflections are obtained
'wz.f/z a cable and a condenser, the capacity of the condenscr
being /emm{;z, then the capacity of the cable is found by dividing
the d;ﬂcctzou Jrom the cable by that from the condenser m/‘;i
multiplying {/ze quotient by the capacity of the coua’mscr.’
The.: capacity may also be given by the manufacturer who
supplies the cable.

2.598. A simple arrangement for testing the insulation
resistance of a cable is shown in Fig. 1048. A condenser ¢
of very small capacity (say 4| microfarad) is connected to
ground at G through the ballistic galvanometer g, also to
the cable, or line Z, by means of the key 4, so that both
may bfa charged at once by the battery 2. The method of
operation is as follows: All leading wires, instruments, and
switches being thoroughly insulated, and the cable freed at
the far .end, it is connected by the key £ with the condenser ¢.
Key /4, is then depressed, and a charge given both condenser

N
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aking a proportionate part. Ata

and cable, the condenser t
h the galvanometer1s z€ro,

moment when the current throug
indicating that the

charge in the cable is 3 z
steady, the key £ is re- ‘@'—" '
leased, and the condens-
er discharges through
the galvanometer, giv-
ing a deflection &, repre-
senting the full charge
of the cable. The key
/ is then again de-
pressed, and the battery
again charges the cable
and condenser for, say
30 seconds, after which e
the battery is discon- F10. 106 oo I e
nected at £,, and leakage is allowed to take place for, '}'(‘; AR
five minutes. If the galvanometer shows a stead? ([ arge};
the key 4 is then raised, discharging ic condepsel‘ 1}r011g
flection d,, which 18 smaller

the galvanometer and giving & de i
than the first on account of the loss by leakage.

>

]
Ko

'}!‘;l\\\ﬂl\l\—

n the determination of resist.

2599. The formula used 1
ance 1s :
96.06 7 : (370.)

K log—g’
of cable in megohms,

esistance
it allowed to

— insulation !
where /= 1n e A e

¢ = time in minutes during ; . s
leak. A = capacity of cable "1 mlcrofarads, dl: ”::ftler
di;cl’nrge deflection, dq:ﬁnal discharge deflection

¢ minutes. ; ; by the

Rule.— 70 ﬁlld the insulat zon ﬂ'{”m’fl/{ Z Z:/z(; [z'(lzz[)[;uz[')))lutvs
ballistic galvanometer method, multiply Z/mk by 26.06, ang
during ;u/zz'c/z the charge is .,,//owe’tl"’("i by multiplying 1o-
(z'z'm'a';') the product by a number "[".ﬂlm( 'a%ofﬂma’s and the
Bk s mpacitj’ of the cable itn M
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logarithm* of the quotient given by dividing the initial dis-
[/{argK deflection (representing full charge) by the final
discharge deflection:.

EXAMPLE.—A railway feeder is 3% miles long, and has a capacity of
2.5 microfarads.. The galvanometer deflection for full charge was 234
divisions, and after five minutes’ leakage a deflection of 104 divisions
was observed, What was the insulation resistance ?

SOLUTION.—Accordirg to formula 370,

26.06 % 5
PR >

104

=
2.5 X log

104 -25. By reference to Fig. 1055 it will be seen that the loga-
rithm of 2.25 is 0.352.

Substituting this value for the ratio of the deflections, we have
130.3
2.5 % 0.352

2600. The insulation of all cables should be periodi-
cally tested, in order to avoid breakdowns. A fault will
usually develop quite slowly, and, being constantly watched,
the cable may be put out of service before trouble is caused
or a dangerous point reached. Tt will be found convenient
to provide a section-lined chart, upon which the insulation
of each cable may be graphically noted at every test, the
line obtained by joining these readings showing at a glance
the condition of the cable. Such a chart is shown in
Fig. 1049, the vertical divisions representing weeks and

/ = insulation resistance = =148 megohms. Ans.

months, each chart constituting a record for six months. .

Several cables may be grouped together on one sheet by
using different colored inks or lines of different formation,
Three cables are shown in the figure; the heavy line repre-
sents the action of a cable in which a fault is developing. ‘Tt
will be seen that there is a decided droop in the curve in the
tests made after March 18, and that one month later the
insulation is still lower, its resistance steadily decreasing
during another month, until it has a decided fall in May;
the last test on the 27th of that month shows such a low

#See Art. 2618 for explanation of the use of logarithms.
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able is put out of scrvic<.:, th'(? rf:::{tn](i]m:;i
and repaired; and on June 10th the scruc’f‘]:zsc record; %
insulation resistance being 350 mcgohmsf. T
very valuable, showing the degree ol 1 Al

e
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. ns of judgl
ng a mea
ables and affordi
able S

of testing f
wing to the

he com-

various ¢ : 1
parative merits of differen

or faults are not
2601. Ordinary methods

ir low resistance,

applicable to railway feeders, O
A r
o i LI |
[ = C b -
a
g R, I
L_— /]
=B
i 1most out of the
ations 2~ in Fig. 1050

&
which renders accur
question. A means o :
This requires that two wehe i
length of the cable. Att

f locating &

insul )
5 ting statiom
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end of the Ii
neran - e
o L T , are two resistance boxes R, R
s wrough the b: X XC5 A, N, connected
on the other to 4. A »attery B to the ground at G, and
terminals of the é'/t-lr’ I'L"S[)L:Cti\'cl}', these points l)cinl:r ‘:l]"~
o S thL~\ ml lllnc wires, which are cnnncctid t]‘-
oL 2 cable at ,]1-' y > O-
msulated. A Thc at the far end, this e -
PRk ,.,];“Tmn galvanometer ¢ is h;s'crt(;d Ll“td ]')unf\r
w 1S k , 3 O 3 : o Lt | 7 /4 s
resistance. If ': f.m)“ n, also the length of the cable ‘ ’-t‘h(l
that we may ’ll‘;l ault should develop at 7 it will l’)g()l A
€ < P4 . ) » see
a Wheatstone bricll]gc the dlf"ferent resistances in the fm'm“(l:'
ing the several TC:iﬁgCt‘q Taking the above letters as indi(w£
o c sistances, the . ) TR cal-
a b_ . ) Sy a: /) . B re >)
=1 @iwthicrefate; @l € 2R, ¢ R -1—/1\\"4— - ﬁ{. o
1 w, and
(2 )— CT_R!_
If C’' = length of o e
from the testi 0 .cable in feet, and /) = distance i
sting point to the fault, then i
’
R L
R R %
To ﬁ”d A5 dl‘Sla Y _.*" /\ + w (\3710)
cable, obtain a b'a/a,l”c,[ in feet to a fault from the end of a
rris S ;L ro;z the galvanometer with the arrange
Jeet by the resist ”él.fc Q')Ob, then multiply the length of mb/:zé'z;
in box R SN
sum of the resi _ v and divide the pr
resista resistances in the two boxes R it
iy iV svniys 10 - and R, and the
is determinati . 1.
ion is inde
Al of the cable ff 1 pendent .of the coppe :
: i T i
Wi thie, 1f' it is of uniform size. Irf)l’zlle raet?lSt
and 4, and ,betw reSIS}eance of the leading wires betwee O";g
een n
Verv s 1 and An may b .
y small. y be neglected, being

ExaMpLE.—On testing f
LT RS A g ora fault ina cable, a line wire i i
ohms when the lgzal(\);ﬁnm;’ the resistance box in seri:slrfvliilllsietdhhgvmg
to the station end of tt meter shows a balance, and the box conas 1
8,000 feet. What is thl: S’fﬂ?;le has 93 ohms. The length of the czgiéei(;

SoLuTioN.—The 5 S from the testing station to the fault ?
C'=8,000. (C quantities given are: R =230; R, =093;

) ompare Fig. 1050.) By formula 37 l' S A
’

8,000 x 93

g i S il
93 + 230 + 12

= 2,221 feet. Ans.

-3
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EXAMPLES FOR PRACTICE.
when determining the insulation

as follows: A Thomson reflecting
shunt, 1,480 ohms; resistance
The deflection for galva-
flection from

1.- The testing arrangements,
resistance of a certain cable, are
galvanometer of 10,000 ohms resistance;
box, 1,000,560 ohms; battery, 500 ohms.
as 306 divisions, and the

What was the insulat

corrected de
jon resistance ?

Ans. 23.24 megohms.
ads. On testing for
ction for full charge
zutes' leakage was
986.4 megohms.

nometer constant w
cable was 95 divisions.

9.14 microfar
thod, the defle
after four mit
Ans.
re freed from ground
led in the circuit.
ht to the testing
being 5.8 ohms, and there con-
box A. The near end of the
a resistance box A, and the
ined together and to one

) 9. The capacity of a cable is
insulation by the loss of charge me
was 287 divisions, and the deflection
Find the insulation
a fault, the ends we
vanometer being inc
he cable was broug

194 divisions. S 1

3. In testing a cable for
and joined by a wire, @ gal
Another wire from the far end of t
station at the near end, its resistance
nected to one terminal of a resistance
cable was connected to one terminal of

remaining terminals of the two boxes were jo
pole of a battery, the other pole being grounded. On a balance being

obtained with the galvanometer, there was in 4 a resistance of 340
ohms, and in Z 860 ohms. What was the distance to the fault from

the station, the cable being 11,000 feet long? Ans, 7,840 feet.
QU Tl
NTS IN RAIL

luc

ALTERNATING CURRE WAY WORK.
s, in general,

2602. The use of alternating currents 1 .
only advisable when the source of power 1S & long distance

from the point of utilization or distribution, and 11 such
cases the three-phase system of tr ssion has prov ed well

adapted to the purpose. It is then usual to install g.enera-
phase high-tension current directly

tors supplying a three-

to the line; but, if the distance 18 SO great asto m-ake avery
high tension (of 10,000 or 15 000 volts) necessaty S
transformers are used in connection with low-voltage gens
erators. At the sub-station this current 18 then lowered by
means of a step-down transformel‘,_a“d brm.lght tlo .a 1totarry
transformer, or motor-dynamos which supplies & 116? & f
rent to the street railway 8YyS he regular pressure ©

tem at t :
500 volts. Rotary field motors are gometimes .usecll (::1;’:;1156
i i i 51 g sim ans-
cars, in which case the hlgh—tenslon c ply

arrent i
5 d, bu
formed to a lower P ire and SO used,

ansmi

resst t such a system




784
ELECTRIC RAILWAYS

A d

requires t
wo trolle
5 : X ys on each c:
struction, two wires rur Cflth car and double overhead c
each other. The sy 'tL }l]mng side by side and insulat d; S
s ¥ vitches : p = sulatec e
Pllcated in conseque es and crossings become ¥ o
On the other h'mll lll(.e’ and the wear and t ARy
and, th X e ear 1s oreater
be much greater t};-m e total weight of wire put up greater.
rent supply; the m‘ would be the case with tl ll’mul il
2 otors also z . 1e direct cur-
(see Art. 2357), and s also are of very simple const t cus
ot iz J onstruc
o C‘)mmutators.’ S )cn(l)t liable to get out of order h't%'l(m
out the starting re: ed regulation is effected b , having
i sistances : z Ae 1
glve a large starting t tances; the armature is de \ : uttlmg
in series with i orque, and & ; signed to
with it b , and any of the ex p
1 €ccomes ‘. . e extra resistance
attained es a reac . stance
when this i active coil, f
g 1S 1S ¢ 2 ull spee N
motor is that the i ppjentnely 1\’[)L(,L11'IL'L(1 RS
; speed is ¥ rculiarity ¢ 3
load, which is due topthd is nearly constant under i’, )_f .thb
already explained i e low resistance of the ar SIS
The chief field ;n the article referred to al PR PR
. or v above.
distance or interurbnlpolyphase railway systems is in 1
an traffic, where there is le‘ss‘ ;1 ¥ oo
< ss danger to

life fr

- om the higch- )

wires. gh-tension current and few )
crossings of

THE A WAlt

PPLILAT’;ON ‘()F (T N A AT
2603. Stora bRI" trRACTION. R

with advantage if‘ec atter.xcs may, in some cases
used in a station t(})lnnectl?n with electric r'lil\‘v Lbf beiused
load, and, durin , the engines may alwa s‘ b e e
g the time that the OU.tpyut t?;) rtlilll ‘lxt full
e line is

below the a
v
erage, the batteries will be charged
ed, and when -

there is a rise i
the engines.Se ISrlu(E}}lle external load, the batteri i 4
e o accouan arrangement is seldom esﬂlvl.ll assist
more generally becallt of the first cost of the Il))attlen Pl;lc'
more or less rapid, a Pl t_here is sure to be deteriory,' ¥
the amount of at:cerftc'ordmg to the quality of the Celrlztloni
managers are skepticl?n ‘they receive, and central Statain(
some period in the daa’ as to their value. There is usualcirl
a_Point where it is c}lrosui)l;: :‘}flhen thiceragtioniload: 7ists tZ)
withstanding its short duratisnjegllll{gz};ean;:;::;? argd’tn?t:-
3 . ust be
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provided to take that load. It is here that the value of the
SL.Ul'ug'c battery is apparent, for its reserve power is then
given out, and the engines do not require to furnish more
than the normal load, and can be smaller and run more
1d otherwise be possible. A separate
led for this extra Joad, but, since it
f the time, the interest on its

economically than wou
engine might be provic
anding idle most O

would be st
al loss.

cost would be a continu
rticular points to be noted in

2604. There are some pd
CO'nncction with regulation. It will be seen that, since
railway generators are usually ovcr-compounded (see Art.
2255), if a battery were y connected in parallel with
it wou en the external

ators would

ause the voltage ©
ould discharge when the external

ating the faults which it should
it is necessary that the
d as the load increases,
he line. Thi: can
t extra cells; but
1ls may be under-

simpl
them on the circuit. 1d be charged wh
load was heavy, bec f the gener
then be the highest, and W
load was light, thus aggrav
To overcome this action,
attery hould be raise
will feed into t
or ou

remedy.
voltage of the b
so that at heavy loads it
be accomplished DY switching in

there is the disadvantage that these €€
charged or reversed. Another method consists in using an

electro-mechanical regulator, but thiscauses short-circuiting
of the cells as the contact switch passes along, since 1t must

cover two contacts at once in passing from one to the other,
if the circuit is not to be broken; with the heavy currents
e contacts would soon purn out if the circuit were

used, th
frequently opened.
2605. The best Way to regulate the action /of the
n Fig. 1051 The compound-

hod show1l i

represented by 4, d,, their geries wind-

s, An extra dynamo, or
with the pattery B, having
ound in opposition to each

al load is light, the voltage of the
sses through

he booster

battery is by the met
wound dynamos are
ings by ¢, ¢y and shunt by 5
«hooster,” @y 18 put in series
shunt and series coils
When the extern

d, is 10w, and Vv cur
nce, the shunt winding S, of t

other.
dynamos &,
the series coils; he
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acts to produ 3 :
SEvelos zll)n E.C§I SIL:Ch POla.Tlty of its field magnets as to
i et tiw'd(’l)[)osmg that of the battery W];iCh
BN s e ynamos 1./, d, to charge it. \i"hcn th;
'thc - ‘an{l, the series coil ¢, will take itsshare of
ing the POlarity’of i ())Verpower the shunt field s,, revers-
R G ltch b()f)stcr, and allowing the l)attu:y
i e line, thereby taking some of the
the shunt and series)\ -‘“3_05 d, dl. With a moderate load
s windings of the booster balance eucl;

i

&

Hi—@-
@

¥

Fic. 1051,

other, and th ©
’ e machine is idl
ar - e, but a is ti :
%‘:Ork{ng at an economical ’point AL e R
ere is sti i

and‘dischargilllll another matter to consider. The charging
balance, that i§ '1;111“ hbe Bonadiagkeg sthat they PTCSCI:ICEI

g e chargi i
discharge pl : ging in 24 hours mus

t ,

a8 reguglatli)nustt}ile;)attery loss. This may be accsl(rllucllilsl:hg
is to change %he e booster shunt by hand, the effect ofpwhiih
S Iz;)lmtbof reversal of the booster with respect
field must be st e battery tends to discharge, the shunt
dynamo alone is rflngtbened, and vice wersa. ,\Vhen one
furnis s running, and the batt i .

W;h ext;ra power, the shunt is weakene(:iry S

(hol e o 0 H
necessary to inbc(i-%t?r i COl}nected on at first, it will be
by cutting out sease the series field of the generators @, &
across the seriesom-e of the resistance forming the shunt
extra coil ¢,, but t;:'lflqmg’ in order to compensate for the
» is is only substituting another path for
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the curr S .
| e (‘uncnt instead of allowing the energy to be wasted in
1eating the resistance.
. “ ] > ~ : - . . .
2606. In Fig. 1052 the heavy line is a graphic repre-
se - 2 . . . . o
entation of the variation of load during a certain day 1n a
(‘ » - X e 2 -4 B
entral station. It will be seen that the lowest point, about

85 ¢ SR R R ; :
) amperes, 18 reached between 3 and 4 o'clock in the morn

ing; that the load rises abruptly continues
to increase until 9, falling again towar
at ¢ in the evening, W

at 6 o'clock, and
A ds noon, and attain-
ing its maximum value hence it falls

4. M. P M.
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: q erate
rapidly and continuously- It is evident that to 011))1

to be prov1ded capable ©

bably more on

nt would have
d during @

o the 1in€, and pro

such a road, a pla
unt 18 only require

furnishing 2,700 amperes v

some occasions; but this amo Rt

short period and some of the plant must remsa

, of the 94 hours. The
a line drawn

ra greater part
2706 amperes,
urrent

and

work inefficiently fo
output AfG

g about 1%
dicates the €

average current i he load
through this point in

e |

o A e »-
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were steady all day and the same in total amount. It
would obviously then be an advantage if the high parts of
the load could be brought down to equalize the effect of the
low parts, and the storage battery accomplishes this. If it
were installed in such a station, the dynamos would only
be called upon to deliver about half the current, 1,300,
instead of 2,700 amperes, and would, therefore, be one-half
the size; engines and boilers would also be correspondingly
smaller. In the diagram, the shaded portion marked ¢
represents the charge given to the accumulators, and that
marked o represents the discharge.

POWER ESTIMATES.

2607. In determining the amount of power required

for propelling a car, we may use the following formula:
=380 w,- (372.)

where fis the force in pounds, and 7, the weight of the car
in tons. )

That is to say:  Zhe force required to drag a car over a
level track in average condition is 30 pounds for every ton
that the car weighs.

Although the coefficient 30 is a rather high figure, it is a
good one to use in calculations for estimated power.

ExampLE.—What force will be required to move a car forwards, its.

weight being 9 tons ?

SOLUTION.—The weight of car ww; = 9 tons, and the force required
will be, by formula 372,

JS=380X9=2701b. Ans.

2608. When a grade has to be taken into account, the
perpendicular distance in feet ascended in one minute mul-
tiplied by the weight of car, will give the power in foot-
pounds expended in raising the car the horizontal distance
in jeet traveled in one minute multiplied by the force in
pounds necessary to move the car will give the power in
foot-pounds required for a level track. The sum of these
values divided by 83,000 will be the total horsepower at the
wheels.  Loss of power in the transmitting mechanism will
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. -er supplied to the

necessitate a larger figure for the powel ;131 apparatus

S « « . & Ser _— e ¢ are 3

motors, this depending upon the L,l’tl.uult»') " i rlelfol‘lnulil,

We may express these several operations In a sing
as follows:

s = et DAON(GaEE

33,000 E | L
- the m S,

‘here /7 is the total horsepower 1'cqunu1 for ' b

s the e ‘ in feet ascended in 1 mu 3

D is the horizontal

force in pounds

or efficiency

is the perpendicular distance e
w is the weight of the car in pot /'i’s‘ ook
distance in feet traveledinl ml“]mEL’ is ‘the mot
necessary to move the car, :fu;(
expressed as a decimal part o 1. J a car up a grade s cqual
Gl S 154 ope ¥ , qvet ol
The horscpower “(/”””{ /0./” /, -ended and the weighi
20 the product of the hetght f,,/faS;/l' Jorizontal distanc:
§ ; . T : > ossars
of car in pounds plus the Press . force in pounds necessar
Z'/[ /.‘"'/ /}'(IT'('/I"/ﬁ“)‘ ”11-””/(' (1”1{ [/U ﬁ/" / ll , 99 (}00 fl'”ll.'s f/ll
10 move the car, this sum being ,/17”;‘/:”‘{ of ,J
« 3 . 3 .
; comal pe !
motor cfficiency cxpressed asa dect A et desired
) X . If a car with passengers wc’]gh{bli) mih,:%‘ per hour, WRAk
IXAMPLE.—If a cz .need O 5 ing b
- > at & s[)(.(.( 3 % ncy bcmg i
ake i a 6 per cent. grade a . their efficie
11() e l:-l)mlultl be delivered to the motors, t ;
lorsepowe E » )
: ]4))(5'2"’9: 880 feet = 2,

er cent.? ¥ 10X
I S minute 60

3 cor In 1 5 y
SoLurioN.—The car will cover! 4 vertical distance
ed in pounds ==
Ision 18,

11 correspond to
1is will (,mlcsfl A
The weight ol €t = s
The force require Pgiiny 0
0 pounds and the etic
240 po |

and on a 6 per cent. grade tl

of 880 % .06 = 52.8 feet = /- :

8 % 2,000 = 16,000 pounds = @-

by formula 372, f=30X8=

75 per cent., E =.75. -
The - a 373, we have
Then, by for mul/l:i g })f w}(}lﬂzmem

e+ DJ _ T
7="33 000 E 4,7 ¢ be 42.67 H. P Ans.

¥ s mus
R around curves
truction of the
y be taken as

The power deli

2609. The power

depends upon their radius, st
requirec

e
- requirec 4
q’md upon the cot

L tarting ma

truck. The power 3 SR

curv d

! - rounding ounds

the same as that for ro e about 70 P ;
ound that a / or to keep

2610. It hasbeen f art a car,

.. required to St
per ton weight of car 18 require

(49 1)
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in moti > ;
grade, t(})12 c‘f‘;}(l):l n:(:]:;“]l‘f’g curves. When starting on a
centage of rise, and 1;()r )t(ilig-rtiatcr. ' proportion to the per-
70 for every ton weight -m(: ?)n(l}u‘,n add 20 pounds to the
Expressed as a f or each 1 per cent. of grade.
a formula, the force required will be

Sf'= (104202) w, (374.)

where /" is the force i
; orcein pounds, x is tl
) ey s, x is the per cent. orade, ¢
‘L’e;;lc weight of the car in tons f 3 S
e force in : g :
t’(]ualf{)-//: ”” /’1/11,1111]{5 /rt'(]mrm’ to start a car on agrade s
/ > werght of the car in tons pli )
mault ’ i .
times the per cent. grade e pes o
On a 2 pe :
b r ce - 2 .
thereforel})c fC_’Ln_t {fl'd.(](, the force requiredin starting will,
3 ’ = [70 + (20 X 2)] X 1 = 110 pounds per ton.
XAMPLE.—What force wi .
e e rce will be required to start an 8-ton car on a
SOLUTION.— i
r10N.—According to formula 374, the force will be
= 20 ) wy = [T
=70 + 20 x) 2, = [0 + (20 X 5)] X 8 =1,360 Ib. Ans.

2 . . - .
therlgflogc. The limit of adhesion may be 4 of the weight;
, on a level track the maximum force which could

2,000 #
3 = 250 pounds

be applied without slipping would be

er 53
It)histf%r;-cc \Ivfot:;(el szzls ‘were mgddy or greasy much less than
TR e € e ;med, \Vhl]'(: very cleany dry rails might
1 i rl;ltil- Illl ordinary street railway service the
S A fo)ll‘ce m]:r lepery, zrmd often, in consequence,
AL e '{ly e low. We may calculate the grade
i S €00 alreadg LR eCeur; \.vhen starting the car, and alsc
y in motion, in the following manner:

et at="rati s
ki io of adhe::,lve force to weight on drivers;
w' = weight on drivers in pounds;
;’t = weight of car in tons of 2,000 pounds;
(7, = per cent. grade at which slipping occurs.

8

Then, slipping will occur, at starting, on a grade

aw' — 70w,

Gy=
20 v,
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But ' = 2,000 7, when the whole weight of caris on the
drivers, in which case the limiting grade for starting
2.000 aw, — 70w 2.000a — 70
LG Tt bl 5 ' — "~ per cent. (375.)

G — Tk

% :
20 70,

cwhen the whele

arting a car,
) 2,000 trmes the

The limiting grade for st
ers, is equal 1
hit on drivers minus 70, 1his

weight of the car is on the drit
ratio of adhesive force 1o werg.
difference being divided by 20
1 : : .
When — of the weight 1s on the drivers,
=

2,002 _ o

(376.)

rting acar, when a jfraction of
[ to that fnw/mzm/ part of
eight on drivers

A
SR cent.
ot 20 i)

The limiting grade for sta
its weight is on the drivers, 15 €qua
2,000 times the ratio of adliesive foree 10 %

minus 70, this difference beitng divided by 20
ExampLE.—If a car weigl s weight is on the dri-
vers, adhesion being one-eig art ona 7 per
cent. grade?
SorurioN.—The per cel
is, by formula 375,

s T tons, and all it
hth of this weight, will it st

1t. grade at which slipping oceurs at starting

£y WM gl !;10) — 9 per cent.

Gs = 20
a7 per cent. gT s 9 per cent. is

ade, a

The car will, therefore, start on

the limit. Ans.

2612. When the ¢
is necessary for propulsion,
may be ascended is, when o
running car will ascend,

ar is running, only 30 pounds per t.on
and the limit of grade which
— maximumn grade which a

9,000@ _ 30
A
G.= & Ll ypet cent. (377-)
3 0 20 ;

; , o lie clion
The limiting rade WHER SR i %Lfﬁﬁ i

T o the drivers, ¥ cquat 10 e Iek :
of its we Lot 1S on 1 7 m{,/u'sz'm' force 10 weight o drivers

of 2,000 times the ratio of %
] } ‘1 ~0.
minus 30, this difference being At vided 0)
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EXAMPLE.—The limi . . 5
drivers, how Stc(:l: :lllm"rt' ‘]’f -lfihcsu»n being one-sixth the weight on the
R L e rht(g ade u)l‘ll(l be surmounted by a car with one-

(A g »‘n the drivers, starting from the level ?

N.—According to formula 377 .
2,000 | 2 000 1
TS Yy 30 im,_ \

A.‘;)—:m

G = — —= — . 2
e T —— 92 21 nt AN
r = 2.67 p( Cc \ o

2613. N
Do I\ l'[x' 4
4 aximum Load.—Before making the selec
n of the engines for a stati fore making the selec-
decide, from the n At f T.m(m' e RN
‘ ature of the road: : :
. ad and other circ (AP
what the maximum load is 1 L
between this and t ad 1s likely to be, and to find the ratio
24 hours) We h l\lc average load throughout the day (of
2 : ave seen that i e .
a single car, the maxi th ‘t_ in the case of a road having
that the car start 4] mum station load is reached every time
chance of tiu; ]:’l‘n? a grade. If there were two cars, the
aximum stati : : .
amount would not be « station load being double this
both start at once o S(}) great, because they would seldom
hiva x - na heav “r Wt
is increased still fur 1‘ vy grade, and when the number
come on the stati Gt ek the maximum load per car likely to
several factol-g (tl 10:; 1s reduced in proportion. There are
maximum load C,o -be taken into consideration before the
Ty e:n e determined, such as the condition of
patch;nu-, the f’ldlcentage of grades, the methods of car dis-
oy aSCZ;]din ; ca ltlls of the curves, the probable number of
ously, the Wf:i hnt( ;’f those descending grades simultane-
frequency of stgo of cars, the number of passengers, the
these points all F;(S’ and the efficiency of the motors. With
e fOllowix; ] nown, some variation may still occur. By
B N pgagt?n’ua determination may be made, which will
ca ! : ,
y correct, representing the maximum

load. Th 5
ad. e wor

number of cars k.mg SChed.UIC’ average speed, and maximum,
ars in use being known, a map of the road is

provided sty
Hibaiey » upon which the cars may be marked and so dis-
ed that, at regular distances ay he -epre
the condition of maxi ¢ sapart, they may represent
AN aximum load. We will suppose, as an
mple, the following case:
ExaMPLE, — ;

number o; ;assi\ng;:(i e{:;;:loys 5’c‘ars, each weighing, with the average

OO J S, ons. The track is 4 miles long, and the cars
t at equal distances apart, making one round trip each
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maximum load is found to be,

half hour. The condition of probable
-ades, one rounding a

when one is starting, two are on 5 per cent. gr
curve, and one on the level; motor efficiency to be taken as 75 per cent.

Determine the maximum load.
speed of the cars will be 4 miles in half an

SorurioNn.—The average
4 % 5,280
X 9,200 _ 704 feet.

hour, then the distance traveled in 1 minute =—"7g,

The force required to propel the car on the level is 30 pounds per ton;
. ~,
10 c B e — 6.4 horsepower will be necessary. For rounding

o 33,000

a curve we require a force of 70 pounds per ton, and the power required

may be determined by the proportion 80 : 70 = 6.4 : x; whence ¥ =

14.9 H. P. The power required for starting is the same, or 14.9 H. P.

(See Art. 2609.) The power’ to run up the grades will be that
aising the weight

required for the level, added to that necessary for r
For the level, we have 6.4 % 2 = 12.8 horsepower

. 704 .05 X 20,000 o
rtical distance, 8000 <7 P

12.8 + 42.6 = Hh.4 horsepower. The

the specified amount.

for the two cars, and for the ve

49.6 T1. P.—a total for these cars of :
total mechanical horsepower, or power at the wheels, will be 6.4

14.9 + 14.9 + 55.4 = 91.6 horsepower. The efficiency of the motors
being 75 per cent., the maximum power supplied will be 91.6 + .70 = 122
horsepower. Ans.

The steam engines
take a temporary overlo
be economical to employ m

above for the m
122 + 1.20

ectrical generators can easily
ad of 20 per cent., and it would not
achines rated at the full capacity
aximum Joad. Allowing, then,
— 102 horsepower for the

and el

as given
20 per cent., we have
rated capacity.
2614. The average power per car will be about 9 h'orse-
power, and the average load on the above station will be

5 % 9 = 45 horsepower. The ratio of the mean 19ad tf’ the
pon the value of this ratio de-

axi i about 3. U .
Ir)r;::;;ntlllllg ;;s:‘:f enging to be selected, and the following
rule may be adopted:

Rule.— The ratio betweer the n
having been found, simple Jeigh-spee
range of cut-off should be used when
three or more times the mean /mq’ » and compo
or Corliss engines when the At Joad 1S

twice the mean load.

aximum and average loads

o engines with a wide
Lo maximum load s
und high-speed

not more than
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In all
cases vervy P
has already be’cn p)' 180:11\) fly-wheels must be used, as
ointed out: : . o
A anc Sar Sy
condensers should be empl 2 111 in the larger stations
. . )y e ‘heneve »e =
economically obtained y whenever water can be

POWER EQUIPMENT.

2615. 1 i
O n stations wi
: ‘ s with heavy norme it i -
ble to install compound or tripl et e b e
. 4 “iple-eXxpe 31 . R
dlre(.tl)’ conmnected to lar [ o Corliss engines,
BB oy y large low-speed generators For the
O¢ 7 nav D g . = y iy g
e S i )r\c- been considering, a simple high-speed
shown, it 'shoulll ;\c most satisfactory, and, as ;\'c have
’ s C 3 N 4 P2t g
at  or 4 cut-off ,Lmami’ to develop about 100 horsepower
. 1e dynamos may be tw 50 ki
e onid\of vhich wie 1)1 >:s may be two, of 50 kilowatts
other should be di l]ml( furnish service for a time if the
1Isaplec Tw o ‘
o g . o boilers s . provide
one of which should be cap: hould be provided,
needed while the otl | LTIMMC s e B
> wer is being cle: :
ol ) g cleaned.
re extensiv ads
A nOtsll]\c roads, where a greater number of cars
A ¢ s
IR o ecessary to go through the calculations
PSS f(,lr A ns of various cars to determine the maxi-
closL 1’«‘m~ '1»2? mean load will approach this value more
allowed per C':r “?i'liﬁll road, the average station power to be
Mg e -if i V)e about. 18 indicated horsepower, and
Wbz hors‘epo’\ver y thc Corliss type, may be two, each of
& ; if the high-s i i
-speed 3 it
e L ouiof, ¢ P engine is used, with a
e A atibst ifha b, U.Cy may be each 9200 horsepower.
C -] . :
N AN 57 installed, each of 100 kilowatts,
v . on countershaft to be driven b ;
ey y one Of
For po .
wer stations to r
o run - i
sikatont 18 Fadicated 50 cars, the allowance 18 gener-
VL es o e ed horsepower per car, and two cngirics
i , each of about 400 horsepower, and four
A Shoulld l))fe ‘umO;. ' When a road has 100 cars, three en-
sed, in order i
i , 01('1<,l to allow for the repair of one,
e sle to continue the service; by reckoning
Two Compounl;er car, we have a total of 1,600 horsepower.
i s d or triple-expansion engines of 600 horse-
e compo i
pound engine of 300 horsepower can here
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ach to two 250 kilowatt dy-
950 kilowatt machine. In
are very de-

be used, the larger ones belted e
one
ect-connected units
car should not, in the

namos, and the smaller to
still larger installations, dir
sirable, but the power available per
largest plant, be below15H. P.

| circuits are run from one machine,
| in parallel, it frequently
wrily loaded more
al fall of potential. The E.M.F.
aised, so the expedient is nOw
ential of that branch
tor of considerable

L) -
2616. When severa
or more connectec

or from two
it will be tempor:

happens that one circu
than the others, causing a loc
not be r
increasing the pot
another genera
E. M. F. This machine is a com-

called a booster, and has already
y regulation. It

th batter)
ly transferred from dny

and socket connec-
e switchboard.
low resistaince;
er series-wound or connected
In the first case, the
and, therefore, Mmore
f-regulating; in the
2l manner by a

of the generator can
generally adopted of

by adding in the circuit
current capacity and low
e commonly
n connection wi
should be so arre as to be easi
circuit to another requiring its aid, plug
tions being provided for this purpose on th
The armature, being in the main circuit, is of
the field magnets may be eith
as a shunt across the station feeders:

machine requires to pe rather larger,
expensive, although it will be entirely sel
e, the field is control]ed in the usu

aced in its circuit.

pensator, mor
been mentioned i
inged

second cas

rheostat pl
1 phe st

INSPECTION-

2617. Itisvery necessary that proper inspection §hotuid
be made of all parts of the equipmen are subject to

This includes not only the motors, put the gears,

iri ral
ar bodies, track, and overhead wiring. The geners

imi 11 pos-
sel 'vatchcd to eliminate all P
o bR | ide a reliable

wear.
wheels, ¢

operation must als e
i C

sible source of un rofitable expense an AT

; The motors should be Pet jodically

be corrected before

and efficient gervice. i G
at faults ma
thay ould be

tested for insulation, _
ns;
they assume dan portions;

the gears sh

gerous pro
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examined to see that they :
grit. Particula:]:;tl':et:tti() ﬂr‘C e axeree rom
tion of flats on wheels Wh’_”l‘}-*l'mu](l RS g0 siifo the proven-
B baes s f;)rc.;ul 1 "lrc caused by the motorman ap-
e l)f]'}' as to 'hnl(l the wheels and make
O ;m(:‘l t]lt is discovered, the car must be
hammer_blow on the track ]lctl ﬁth(le fs'l“)lm.d R e
wheel is very severe. it 7o tion of a flatted
The track needs
Sy e (?f(:(i:;]z(,)::i:in.t, a.ttcnti.m‘l to keep it in good con-
PRI ik the -l(mSerl‘n‘us difficulties is the prevention
e L p 1 g’ ish-plates now coming into use,
o T tL'lt)ctt}tcr than formerly. The bonds
rails on each side. One‘ mct]lcy “}ilkc e
B B 105 hod IS. to provide a flat, wooden
LS 53, about 6 feet long, with a milli-

5 7

: A
'b-’— b N
P

F1G. 1053,

voltmeter
Nistaiiry isl/;lnsl;:iited on a crqss-board at the middle. At
Bl inc}i;}(;ntact point on the lower edge, and a
B L S Rrom one end. These are connected
RN termix‘mlq’ ’1;, Olf about 10 ohms each, and to the
N o cir(‘;‘;i;‘ SlVown, small switches .S, S’ being
e ek alV b and &6 17 ¢, so that separate
en. The voltmeter should have the zero

point at the
center of the scale, so that the readings will be

on opposite sides f
deviEg ma)(j zg(;izzgurre“ts through the two circuits. This
B ent (he it e [Reththetrallsimiicr theyple carrying
i S eing bc.tween the contacts @ and & on the
. current in the railrletter i thel.l indicate the ratio of the
o e o that passing through the joint. A
rebonding is re ulina(}; be taken as the limit Iayond which
N Stalid i Or?lerrteo .d' Ifnpetl‘fect joints are to be marked
b aition w;i;ﬁ:ftuif;at;em’ and they should be

ELECTRIC RAILWAYS.

L()G,-\RITHNIS.

» which occurs in formula 370,
the number indicated is to be
wd of the number itself. The
y which some fixed

2618. The term log,
means that the logarithm of
used in the calculation, inste
logarithm of a pnumber is that exponent b
number, called the base, must be affected in order to equal
the number. Incommon logarithms the base used is 10. In
Fig. 1054 are indicated graphically the logarithms of num-
1 to 30, which will amply cover the range of pos-
sible examples in which formula 370 may occur. Fig.
ithms of smaller numbers, from 1 to 2.4,
art of curve A, in Fig. 1054, laid

bers from

1055 gives the logar
being simply the lower P
out to a larger scale.

If it is desired to find the logarithm, for example of ]f),
the student will follow the line indicated by that numl)cr.m
the horizontal row of figures markec « Numbers,” to tn.e
point where it crosses the curve (Fig- 1054), and f"‘f“? _t_h“s
point he will continue at & right angle t0 the former direc-
tion until the vertical row of values 1S rcach(?d, and the
Jogarithm is read there. In this caseé, .thc 1(?gar1tllln woplg
be 1.0. If the logarithm of 1.8 18 deslred, it fmlzlly C'(invfll;
iently be found from curve B, Fig: 1059 15)’ Ofo:ﬁingber%
line upwards, which starts from 1.8 11 t}lc mfé Y i t(;
it will be seen to cross the curve at @ point coT responding

a value of 0.255 in the vertical scale of Jogarithms.

e
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