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Electric traction is peculiarly an American institution, that is, it
has found its widest application in American communities and has
been developed chiefly by American engineers. In America practi
cally every town of over five thousand inhabitants is provided with
an electric traction system. In other parts of the world it is only
larger centres of population that are so provided

Practically all the'traction work in America has been done by
direct current. The alternating current traction system, although
It has received considerable attention from American engineers, has
not until recently been favourably considered by them. In Eurtg«

on the other hand, the alternating current traction \pruhimn has

received a large amount of attention The polyphase induction
motor has been developed by European engineers for traction pur
poses and a number of installationy have been made in Europe with
apparatus of this character. American engineers have consistently
refused to adopt the polyphase induction motor for traction purposes
on the ground that it is not suitable for that pyrpose. The principal
reasons for this stand are two in number.

(1). That the polyphase induction motor is inherently a constant
speed motor and, therefore, not adapted to traction purposes. Con-
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tinual change of speed is one of the characteristics of traction work.
The direct current series motor is peculiarly adapted to this class
of work because it is inherently a variable speed motor. At one
definite speed the polyphase motor i{s an efficient machine, while at
all other speeds the efficiency can not be greater than the ratio of
the actual speed to the synchronous speed. For instance, if the
actual speed at which a given induction motor is working is ten
per cent. of its synchronous speed, the power utilized is at most
only ten per cent. of the power put in. In traction work a large
part of the work done is necessarily at speeds below the maximum
attained, and at these lower speeds the maximum economy that can
be obtained from induction motors is necessarily small.

One expedient used by Etvropean engineers to reduce this source
of loss is the use of motors in concatenation or in tandem, that |is,
the secondary of one motor is fed into the primary of another on
the same car. If the pair of motors thus concatenated are wound
for the same number of poles, this expedient has the effect of
making the synchronous speed of each of the pair of concatenated
motors one-half that which it is when not in
equivalent in direct current
in serie

concatenation. It is
practice to throwing two shunt motors
Up to the half speed joint, therefore, there is a gain of
economy by this arrangement. By winding the two

concatenated
motors for different numbers of poles, more than one point of maxi-
mum economy can be secured between zero speed and full speed.
but this arrangement has the disadvantage of being able to use but
one-half the total motor capacity above half speed while the great-
est expenditure of energy takes place above half speed. In order
to secure the advantages of concatenation, however, it is necessary
to add largely & the weight of the electrical apparatus. European
practice has been to equip cars with four motors, two main motors
and the other two being used only while the car is below half speed.
Above half speed the motors are running idle and are doing no use-
ful work. The energy required to take care of the additional
weight is an offset against the energy which is saved by concatenat-
ing the motors. For long runs this expedient would probably be
detrimental since the energy taken up to transport the extra weight
would be more than equivalent to the energy saved at the start.
(2). The second reason against the use of polyphase induction
motors for traction purposes is the necessity for providing at least
two overhead conductors. If the track be not used as one of the
conductors, then the necessity arises of using at least three over-
head conductors. Maintenance of insulation on such overhead
conductors when they are at high voltage is naturally a difficult

problem, much more difficult than to maintain the insulation
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between a single conductor and ground, as would be the case in the
single phase system.

American engineers instead of endeavoring to adapt the unsuit-
able induction motor to traction purposes, have devoted their ener-
gies to the development of a suitable alternating current motor.
The idea of using a series motor operated by alternating current is
not new. The only alternating current single phase motors which
have a characteristic suitable for electric traction purposes are
those of the commutator type. In no other type of motor are the
speed and torque characteristics such as to be suitable for traction
purposes. In the commutator type alternating current motor, the
speed and torque characteristics are practically identical with these
characteristics in the direct current series motor. As early as 1893
extensive experiments were made by the Westinghouse Electric &
Manufacturing Co. on this class of motors. In fact, the experiments
went so far as to equip a car with two motors of this type and the
car was put into actual operation. Moreover, the frequency and volt-
age for which the motors were designed was practically the same as
those for which the more recent motors were designed. These early
mwotors were considerably smaller in capacity, however, and the
trolley voltage was less. Further, the method of controlling the
speed was by control of voltage. Although the early motors were
successful as motors, the alternating current system as a system
was not thought at that time of sufficient importance to continue the
developments along this line. In other words, the time was not
yet ripe for the development of this system. Interurban electric
traction work, such as exists to-day, was not at that time thought of,
and this is, in the writer's opinion, the peculiar field for the altern
ating current traction*system.

In considering the general problem of electric traction, the ques-
tion naturally arises,—what is gained by the use of alternating cur-
rent over direct current ? and the converse of this question also
naturally arises,—what is it necessary to sacrifice in order to obtain
the benefit of alternating current traction ? An analysis of the
advantages and disadvantages of these two systems may be of
interest. Although many of the following points have been treated
in previous papers, particularly that of Mr. Lamme, acting chief
engineer of the Westinghouse Electric & Mfg. Co., before the Ame-
rican Institute of Electrical Engineers in September, 1902, it is
hoped that repetition of some of the points mentioned will not be out
of order.

The principal advantages of the alternating current electric trac-
tion over the direct current are as follows : —

(1). Limits to trolley voltage are removed.

(2). Avoidance of rheostatic losses.




(3.) The necessity for rotary converter sub-stations abolished.

(4.) Manual attendance at the sub-stations done away with.

(6.) Danger of electrolysis by return current avoided

To take up these points more in detail

(1). VOLTAGE LIMIT REMOVED.—The greatest item of cost in the
electrical equipment of interurban traction systems as they exist
to-day is that of secondary distribution. This item of cost usually
carries somewhere between twenty-five and nfty per cenl. ol the
total for electrical equipment and is usually much nearer the latter
figure than the former. Six hundred volts at the motor in a direct
current traction system is practically the limit at which present
designers and manufacturers age willing to guarantee their opera-
tion except in some special 4‘&5.#11, This necessarily limits the volt-
age fed into the secondary «llstrl\mllun system to, say, seven hun-
dred as a maximum The consequence of this comparatively low
voltage is naturally a high cost for conductors of this secondary
distribution. The alternating current system, providing as it does
the possibility of greatly increasing the voltage of the distributing
system, thus cuts down largely the cost of this distributing system.

Another point which militates against the use of direct current
is the fact that when large units are used it is difficult to collect the
large amount of current for their operation. For this reason, as
well as an advantage in cost, trolley construction has been largely
replaced by the third rail for interurban work By raising the
voltage of the secondary system, the current taken by a locomotive

may be reduced, and, consequently, the difficulty with collecting
devices may be made to disappear.

(2). RHEOSTATIC LOSSES AVOIDED.—In the direct current system
the voltage at the car is practically constant and while the counter
E.M.¥ of the motors is building up, the excess voltage must be
taken up by resistance. At the start, therefore, a comparatively
large rheostatic loss occurs With the alternating current system,
on the other hand. the voltage at the car may be controlled by suit
able means and the rheostatic loss thus avoided When stops are
few, and, consequently, runs are long, the rheostatic loss in the
direct current system is a small proportion of the total, and, there
fore, under these conditions this advantage of the alternating cur
rent system is not so greatly marked With short runs, on the
other hand, and, consequently, frequent starts, the rheostatic loss
with the direct current system amounts to a considerably greater
proportion of the total loss and the alternating current system,
therefore, can have the greater advantage

)

The curves in Fig. 3 show the superposed K.W. curves for a car
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equipped in one case with direct current motors and in the other
with alternating current motors. The weighd of the direct current
car is thirty-five tons and of the alternating current car about eigh-
teen per cent. greater. The length of run is two mlles in each case
and the schedule speed thirty miles per hour Were it not for the
saving of rheostatic loss, one would expect that the alternating
current car equipment being eighteen per cent. heavier would take
eighteen per cent. more power The actual difference in the areas
under the curves, however, shows about ten per cent. more power
in the alternating current than the direct current on account of
avoiding rheostatic loss in the alternating current equipment It
the run were for about one mile jnstead ol two the consumption of
power would be about equal, and for runs of less than one mile the
alternating current power consumption would be less

(3). NECESSITY FOR ROTARY (¢ RTERS AVOIDED.—The cost of
sub-station equipment constitutes one of the large items in the cost
of the electrical equipment of an interurban road In this sub-
station equipment by far the ldrgest item of cost is the rotary con
verters, In the alternating current equipment the rotary converter
has no place, thus avoiding not only a large item of cost but also
one of the largest items of the loss of power

(4). ATTENDANCE AT SUB-STATIONS DONE AWAY WITH.—The direct
current rotary being a piece of revolving machinery, of course, re
quires manual attendance at the various sub-stations Alternating
current sub-stations consist of static transiormers only, and, there

fore, require attendance only for the purpos ol operating  the

switches. Making the switching devices entirely automatic in their
operation avoids the necessity of attendance for this purpos A

still further requirement is the use of distant controlled switches
operated from a central point. say the main power houss Electric
ally operated switches have already been developed to be operated
from a distance of several hundred feet, and no reason exists why
this distance of operation cannot be extended to twent or thirty
miles by proper design. By including in such a switch operating
mechanism also a signalling device, by which the position of the
switch is made known at the central point, the switch operating
system becomes complete and no necessity exists for attendance at
the alternating current sub-stations for any purpose except occa
sional inspection. There is, of course, an expense in connection
with installing such a system of operating switches electrically,
but it bears no comparison to the expense of manual attendance
(5). ELecTrROLYSIS.—Electrolysis of parallel conducting systems
is generally recgg€nized as oge of the most serious dangers in con
nection with present direct current trolley systems, and the fact
that an alternating current system avoids this danger entirely need
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only be mentioned in order to be recognized as a marked advantage.

S0 much for the advantages which accrue to the alternating
current system Now, the question arises,—what points must be
sacrificed in order to obtain these advantages ? The disadvantages
which necessarily accompany the use of the alternating current

traction system are as follows

(1). Additional weight.

(2). Difficulty of operating on existing lines

(3). Increased rail loss.

(4). The fact that an active E.M.F. exists between fleld turns

(5). Possible interference with telephones
Now, suppose the above points in detail be taken up

(1). ADDITIONAL WEIGHT An alternating current motor of a
given capacity is necessarily somewhat heavier and somewhat more
expensive than a direct current motor for the same capacity. This
difference in the motor, however, does not constitute the total dif
ference in weights of equipment. In order to make use of the ad-
vantages of high trolley voltage, the alternating current equipment
should preferably be provided with a step-down transtormer on the
car Also, in order to obtain the advantages of avoiding the rheo
static losses, some provision must be made for controlling the volt

age on the car The transformer, the voltag

control apparatus
and the greater weight of motors makes the alternating current
equipment necessarily heavier than the direct current \ithough
this difference need not, and,in many cases, will not be as great,—the
example cited later in this paper (eighteen per cent.),—still a differ
ence in weight will ;AI\\;L\s exist detrimenta 1O tht alternating
current equipment. This greater weight of the alternating current
equipment is one of the items on the debit side ot the |

One of the most attractive methods for controlling the voltage on
the motors is the use of an induction regulator This is the form
of regulator proposed by the Westinghouse Co. for use on the Wash-
ington, Baltimore & Annapolis Ry., the installation ot which has
heen postponed on account of financial difficulties The principal
advantage over other forms is that it does not require the interrup
tion of the current and is, therefore, of particular advantage in large

equipments. It is this problem of breaking the current that forms
not only the greatest difficulty with direct current equipments of large
capacity but also one of the largest items in the deterioration
account The induction regulator has the advantage of adding
considerably to the weight, and in equipments of comparatively

small size where the difficulty of current interruption is not great

will probably be replaced by some other method of voltage control,




such as loops or commutated coils on the step-down car trans-
formers.
(4

DIFFICULTY OF OPERATING ON EXISTING LINES.—Practically
all interurban roads run in and through cities on existing tracks,
and, therefore, must use the existing sources of direct current
power. In order to meet this condition, the equipment for an altern-
ating current interurban road must be so arranged as to operate out

side the city and on direct current inside. Although this is entirely
possible, it must necessarily prove to be a matter of considerable

complication. It means, in the first place, the use of motors which
can be operated from both direct and alternating current This is
entirely possible with the series alternating current motor It

means, in the second place, that another system of control must be
added to the car This objection might in part be avoided by using
rheostatic control for both the alternating current and direct current
conditions, but the objection obtains that this method will deprive

the alternating mrrent system of its advantage of saving rheostati

losses Further, means will have to be provided for disconnecting
all transformers when running from direct current system and
reconnecting them when running from alternating current system
All these mertters, although they mean a considerable amount of
complication, are entirely possible. The most important part of the
equipment—the motors—can be operated from direct as well as
alternating current

(3). INCREASED natl Loss —Experiments have shown that with
alternating current from 2,000 to 3,000 alternations. the actual loss
which takes place with a given current through the iron rails is
from three to five times that which the same direct current would
give The ratios of loss hold for the higher frequencies. At first
thought this seems to be an important objection to thegA. C. system
But when it is considered that in order to utilize the main benefit
of the alternating current, a higher trolley voltage is used, and,
therefore, smaller currents in the return conductor, the element of
rail loss in an alternating current proposition may be made even a
smaller proportion of the total than in the direct current in spite
of this apparently large handicap The rail loss with direct cur-
rent is usually a small proportion of the total and this with altern-
ating current, at the trolley voltages which are usually considered
viz., 2,000 to 5,000, becomes a much smaller proportion

(4) AcTivE E.MUF. BETWEEN FIELD TURNS.—The space that can
be assigned to the motor for operating a car is necessarily limited
It is this limitation of space, in fact, which often forces the use of
a four-motor equipment instead of a two-motor equipment, the
available space not being large enough to allow the installation of
motors, two of which are sufficient for the work. When we consider




the A.C. motor. the question of space available becomes still more
exacting, first because the A.C. motor is necessarily heavier, and,
therefore, occupies more space than an equivalent D C. motor ; and
second, because of the active E.M.F. that exists between the field
turns in the A.C. motor, and which, other things being equal. again
requires additional space for fnsulation In the matter of EM.F
between field turns, the A.C. and D.C. motors are quite different.
The EMF. between the field turns of a D.C. motor is due simply
to ohmic resistance and a short circuit between turns simply throws
out of action the turns so short circuited, and if not too severe, does
not interfere seriously with the motor’'s operation Between field
turns of the A (. motor, on the other hand, there i8 an active
E.MUF., similar to that between the turns of a transformer winding
A short circuit between field turns in an A.C. motor, therefore,
means a destructive short circuit and an immediate interruption of
rvice from that motor In other words, the effect of a short cir
cuit between field turns in an A.C. motor has the same effect that
v short circuit between armature turns would have in either the
A.C. or 1RC. motors Roasting out of field coils is one of the most
frequent causes of trouble in D.C. motor equipments, and it is read-
realized that this matter of active E.M.F. between field turns in

the A.C. motor is a serfous one As an offset against this disad
intage of an active E.M.F. between field turns, the A.C. motor pos

e advantage of being capable of operation at low voltage

1 number of turns on the series field and in

reasing the proportionate space for insulation The use of a step

down transformer on the car malkes available any desired voltage

it the I'his existence of an active E.M.F. between field
tari i most serious obstacle to th 18e of high voltage on the
motor Even with low voltage, the A.( motor i bouring against
tl handicap of occupying more spad than an equivalent D.C
motor, and the use of high oltage still further increases this

3] ajl I'he limitations of e do not apply to the transformer
in anything like the same degree that they do to the motor and no

particular dificulty is anticipated in building a transformer for this
waorl

This limitation of available spa for the motor and the exist

ween field turns makes it seem probable
to the writer that the A.C. railway motor of the future will be
oarerated at low voltage and will receive its current from a trans-
ormer situated on the car.
(). INTERFERENCE WITH TELEPHONES.—It i8 a question whether
alternating current in the rails will interfere with telephones and
ilar instruments more than the direct current which they have

to contend with at present In any event, the amount of current
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in the rails can be reduced by the use of higher voltages so tha
this source of interference can be made less than it is with the pre
sent direct current system Furcher, means have been proposed
whereby the current can be confined entirely to separate conductor
provided for the purpose, and not allowed to wander at will through
any return circuit that may exist, as is the case with the direct cur
rent system. This can be done, of course, only at the expense of

erecting a separate system for the return currents and a s

“m ool
series transformers whereby these currents can be confined to this
return system. The alternating current system, therefore, possesse
the advantage of being able to use the rails for contact and still not
allow the alternating currents to (scape at will through the earth

As a matter of fact, interference with other circuits by the alternat

ing current system is expected to be les than with the present
direct current system

The engineer has been defined as a man who could do for one
dollar what any fool could do for two The engineer, in other
words, stands for efficiency It is he who acomplishes a giver
result with a minimum expenditure of effort and money Suppo
we apply this criterion to the comparison between the A.C. and

D.C. systems : By which of these systems can a given gervice be

rendered most economically In order to answer this question
we shall assume a certain typical interurban road, ascertain the tir
cost by both systems and the cost of operating by both systems anid
compare the results Suppose the typical road which we w
ssume to be as follows
l.ength 60 miles

hedule peed VL P H
Cars running half hour apart
Number of stops ) that il run, tw

miles long.
Weight of D.C. car, complete }o tons
Weight of A.C. car, complete 11.3 tons

It may be noted here that the above differenc in w ht is no
the minimum that can be obtained A large part of the differen

n weight comes, as previously stated n the induction regulator
th which it is assumed the A.C. car is equipped Other methods

of voltage control can be supplied w h would be considerably
lighter, but the induetion regulator

I on account of the ad
vantages previously mentioned I'he A svstem S, therefore¢

woriing under a handicap which is greater than would be the case if

ome other method of control were assumed
Fig. 1 shows the speed-time and K.W. hours curve of a D.C. car

of thirty-five tons over the typical run I'he equipment, gear ratio

acceleration, ete. are given on t}

CIrve




Comparison of K W used by AC and D.C Car
‘ during Typical Run




Fig. 2 shows the same for an A.C. typical run and in addition
gives also the apparent K.W. and power factor. It will be noted
that the difference in power at the car is only ten per cent. in favour
of the D.C. equipment in spite of the fact that the differences in
weight is eighteen per cent. in favour of the D.C

The location of the power house is assumed in both cases to be
on the line of the road midway between the termini, therefore thirty
miles from each terminus

In each case also one of the sub-stations is located in the power
house In the A.C. proposition the generators are wound for trol

ley voltage (3,000 volts) and fed directly into the trolley

In each case also there are supposed to be four feeding points

beside the power house, thus making the substitutions twelve miles
apart in both cases

Further, in both cases the secondary stem is a single networl

thus gaining the advantage of two feeding points except beyond the

end sub-station In neither system are secondary feeders figured
on, the A.C. being simply a 4 0 trolley wire throughout and the
D.C. a sixty-pound conductor rail In the D.C. system the high
tension ine is supposed to be along the of way of the road
immd the high tension pole wre utilized for pupporting e trolley

re with a 1 t cor tior

Recognition of the fact that the A.C. car is the heavier and re
quire more energy made, and larger motors than Aon the D.C
car estimated on y

In the D.C. proposition the generators, transmission line, ete.
are pposed to be three-phase, naturally making necessary smaller

ransformers than in the ingle phase system

The following parallel column complete comparison of the

power consumption. the losses in the various transmissions and
transformations, the first cost of the apparatus used and an esti
mate of the operating expenses. The conditions are taken as nearly

possible to those in the typical road Location will, of course
make differences in many of the items considered. but especial care
has been used in estimating those items in which the two systems

present a difference

D RAILWAY SYSTEM LC. RAILWAY SYSTEM
POWRR REQUIREMENT
\verage K.\, at gar in Average real K.W. at car
typical 2. mile run(Fig 1 in typical 2 mile run
67.2 KW (Fig. 2) 39 KW
\ cars running at one N CArs running at or
e 2] time )

No. sub stations ) No. sub-stations




Average No. cars per sub

Average No

cars per sub-

station. . .. 1.6 station 1.6
B x N - Y W
Mean amps. per car 185.3 Mean apparent K.W. per
Car 129.0
N Mean amps per car (3,000
volts) 13.0
N Mean amps. per sub-station N Mean amps per sub-station
m 279 0 m 6H8.8
With sub-stations 12 miles With sub-stations 12 miles
apart, 80 lbs. track rail apart, 80lbs  track rail
and 60 lbs. 3rd rail, re and No. 0000 trolley,
smistance between  ad resistance between sub
jacent sub-stations 1s stations allowing for in
) 0.9 ohms. creased rail resistance 1.2 ohms
D.C. line loss per sub-sta Trolley and rail Joss per
tion " 16.1 K. W sub-station =" .32 K.W
Average K. W _per sub sta Average real K.W. per
tion at cars H7.2 x 1.6 sub station at cars
107.5 73.9x 1.6 115.0
Aver K.\W. per sub Y \verage real K.W. per
station at sub station 123.6 K. W sub - station  at  su
station 121.32 K.W
ss 10 regulator and car
transtormers )
# in 3rd rai 15 loss in trolley and rails 2.8
loss in step-down trans loss in step-down trans
former 3 formers .. 3.5
wa in high tension line 2 < 1n high tension line 2.5
loss 1n step-up trans loss 1n step-up trans
formers formers
tal loss from cars t [ota 18.4
P H 3
Avetage KW msutied Average real K.W. con
by 8 cars at the cars 7KW sumed by 8 cars at the
cars 591 KW
Average K. W. at! power Average real KW, at
house for 8 cars o0 KLW power house for 8 cars. . 700 K W
Average apparent K. W
it power house, about 325 K. \V
Max. load per sub-station Max. load per sub-station
wor condition 2 worst  condition 2
cars starting ) K.W cars starting (say 275
ipparent K. W. each). . .550 K.W
One 400-K_ W. rotor wi One 350 K. W. transformer
take care of this 40 will take care of this
overload with 50 verload
Average load on rotary 0 Average load on sub
station, about 10
tations are of I'he transformers are
e 8o that one sutficiently large to take
cut it tem care of road if one 1s cut
out,
vion PH Max vi on P.H. i
1,200 K. W apparent K W, say 1,400 K. W
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Can be taken care of with 3-400
K. W. generators, one for K. W
N'bl‘r"v

Can be taken care of with 3-450

generators, one for
ﬁ"llr?‘,

STEP-UP TRANSFORMERS
7-150 K. W, transformers, one 3-400 K. W. transformers
for spare

Load can be carried by 2 in
case of emergency

HIGH TENBION LINK,

1-No. 6 B. & S. gauge line each 1-No. 3 B. & S. gauge line,
way from P.H. 20,000 volt, each way from P.H. 20,000
$-ph volt, 1-ph

Max . loss, about R.25¢ Max loss, about 8.2

Aver. loss, about 2 30 A ver. loss, about 92

SUB-STATION EQUIPMENT

d-sub-stations in all—1in P. H
ach of 4 sub-stations to contain

{-sub-stations—- P H feeds di
rectly into 3,000 volt |

135 K. W step-down transformers Each

1-400 K. W. rotary ¢

Switchboard

trolley
ub-station to contain
nverter 1350 KLW. transformer

Switchlyx i

ard
Step-down transformers omitted in
power house suby.station °
LOW TENSION DISTRIBUTING SYTTEM
Entire length of track « juipped with Entire length of
60 Ib. conductor 3rd rail No. 0000 B. &

CAR EQUIMENTS

lach car with 2 150 H.P. D.C

railway Each car equipped with 2 165 H P
motors and multiple control, ap \.C raillway motors with mu tiple
paratus complete contr complete

ENTIMATED FIRST COST OF ELECTRICAL EQUIPMENT

POWER SBTATION

100 K.\W.. 25 eyele, 360 \

3450 K. W ., 17 eycele, 3,000\

S ph., A ( gens, at $6.700 I-ph 2,000 alt. gens at &7,
each ) £19.500 000 each £21,000
7-150 K W 350 to 20,000 3-400 K. W ., 17 eyele, 3.000 t ‘
self -cooling,  oil - insulated 20,000 V., O.1.S.C. trans. at
trans. 25 cycle, at 8575 § 0 0
Switchboard 1,500 Switchboard 5,800
$32.575 $32.300
HIGH TENLION LINEK
18 males of 20,000 V. 3 ph 48 miles of 20,000 V. 14
transmission line, No 6 B & transmission line No
S. gauge conductors at $900 & S, gauge conductors  at
per mile 43,200 1,200 per nnle 7.600
Lightning protection 2,500 Lightning protection " 2,000
245.700 R

£.,9.600
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) 135 K. W 20 000 and 360

1 V., 25 cyele, O.1.8.C . trans

formers at $1,17) each 214,100
y 400 K.W., 60 V. 25 cycle

rotary mverters at $H,200

each %% 26,000
y switchboards at 82 800 ench 14,000

£54,100

63 miles of 60 1h., comducting
rail at $£2.500 per mle n

1 ed 157,000
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Repairs and maintenance
of H.T. line (5 of cost

per year) ... .. 2,285
Repairs and maintenance

of sub-stations (4 of

cost per year) 2, 064
Repairs and maintenance

of 3rd rail (1 df cost

per year) 1,8

Repairs and maintenance
of car equipments (12

of cost per year) 7,012
Total yearly operating ex
penses $55,404

Repairs and maintengnce
of H.T. lines (5 o per
year) 2,980

Repairs, maintenance and
imspection  of sub-sta
tions (6 °45) . 1,428

Repairs and maintenance

of trolley (4 per year) 3,658

Repairs and maintenance
of car equipments 10 ) 10,177

ital yearly operating ex
penses $51,206

NOTES ON THE ABOVE COMPARISON.

First cosi In the first cost

no allowance is made for the

siderable extent in both engines
greater apparent K.W. for the

formers will be larger in capacity

not be so great in capacity

the A.C. system has the advantage

siderably larger units than the
is necessary instead of single

The A.C. switch-boards also

the
fact

that the A.C. system requires less
encrgy at the power house, and, therefore, will
and boilers On account of

system, generators and trans
but the engines and boilers need
as transtformers are concerned

because it allows the use of con

where three-phase
as is the case in A.C

the advantage in that

switches per panel are required instead of three

To render a LLI\!H service over high tension line, more
required for a single phase line

this makes the copper for the
sive than for the D.C. system
the his
the higl

ley bhracket to be supported
t

system, the spacing need be only

the high tension line alone

So far as sub-station transformers are concerned, the A.C

tem has the

om 1on ol rotary converters

When we come

station equipment between the

in

copper

thdn for a three-phase line, and
system somewhat more expen
:I‘I:n largest difference, however, in
h tension line items comes from the fact that the poles
tension line are spaced sufficiently close to allow the trol
the same poles In the D.C

sufficient for the requiremends of

advantage of single-phase over three-phase in that

larger units are used By far largest item of saving in sub-

systems is, of course. in
A.(". system

to the consideration of the low tension distribut
ing svstem we find at once the

largest item of difference between

two sytems above compared

economize to a con

transmission
system

two

Sy

the
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the two systems A glance at the comparative values will show
that this difference in the case we have considered amounts to over
$100,000, and is, therefore, nearly thirty per cent. of the total cost
of the D.C. system.

In first cost the A.C. car equipments are, of course, considerably
higher than D.C. The writer would call attention to the fact, how-
ever, that the costs of the A.C. car equipment include an induction
regulator. If some other kind of regulator, such as, for instance, loops
on the car transformers, had been figured upon, the cost of the
A.C. car equipments might be diminished by something like six
percent ; that is, something over $6,000. The saving in weight by
the same change and the consequept saving of power in the A.C.
system would amount to nearly four per cent. of that which has
been figured upon. In the item of maintenance of the control appa-
ratus, however, it is considered that the induction regulator has the
advantage in that it is not necessary to break the current in going
from step to step

The A.C. system throughout is figured on the basis of using a
frequency of approximately 2,000 alts. per minute This frequency

could be incres

d to, say, 3,000 alts. per minute at the expense of,
first, a considerably decreased power factor, and, consequently, in-
creased apparent K.W.; second, increased generator and trans-
former capacity ; third, increased line and rail loss ; and fourth,
increased cost of motors I'his difference might run the cost of the
A.("  equipment, possibly as much as five per cent. higher than
figured on It will be noted, therefore, that the great saving comes
in changing from direct current to alternating current, and that a
change in frequency within moderate limits effects a change by no
means comparable with that which is effected by going to alternat-
ing current

OPERATING ExPENsES.—In the labour item it will be noted that
the main saving comes in that sub-station attendapce is avoided by
the use of the A.C. system. In other respects, the labour items will
be the same

The fuel item for the A.C. system is somewhat smaller than for
the D.C. system, as the actual energy at the power house is less in
the former case than in the latter

Jesides labour and power, the main operating expense for any
interurban railway system comes in the items of repairs and main-
tenance It will be noted that this item of repairs and maintenance

has been included in the above comparison by assuming that it is a

certain percentage of the first cost in each case There may be
some  difference of opinion as to the percentage that should be

assumed in the various cases of this item of repairs and main-
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tenance, but the writer has endeavoured to make the comparison
between the two systems as fair as possible. It is not intended to
include any item of depreciation in these repairs and maintenance
figures. It will be noted that a marked difference is made between
the maintenance of a third rail and trolley by allowing one per cent.
in the one case and four per cent. in the other. The apparent dis
crepancy in allowing five per cent. for the maintenance and repairs
on the high tension line and only four per cent. for that of the
trolley is explained by the fact that the five per cent. on the high
tension line includes the repairs and maintenance and the supporting
structure for the trolleys.

The matter of inspection of the A.C. sub-stations is taken care
of by allowing six per cent. in the cg of the A.C. sub-stations in-
stead of four per cent. as in the D.C. sub-stations.

In the matter of repairs and maintenance of the car equipments,
it will be noted that twelve per cent. is allowed in the D.C. system
and only tgn per cent. in the A.C. system. Even this difference in
percentage allows $10,000 per year for the maintenance of the A C
equipments in the place of §

00 for the D.C., or twenty-five per

cent. more for the A.C. than for the D.C. The A.C. motors being
lower in voltage and being protected from direct lightning dis-
charges by the intervention of a transformer ought to have at least
a no higher maintenance bill than the D.C. motors The number
of motors in each case is the same The A.C. system, however,
will require a cer

iin amount of attention for the transformers and
regulators This item, though necessarily not based on experience,
is estimated to represent the comparative conditions as closely as is

possible at this time.




