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ELECTRIC STREET' RAILWAYS.

A I'AIER READ IIEFORS VIE CANADIAN LeLECVTICAL ASSO-

CIATION DY E. CARL BUITIIAUI'T.

It is not intended to make this paper one of a
purcly teclinical nature ; wve shail endeavor rather to
present a general reviewv of the subject in hand and a
systematic consideration of the problerns and difficul-
tics involved, omitting also dctailcd estiniates of cost.

Until comparatively recent ycars street railways
wvcrc operatcd airnost entirely by animal power; steam
engines of various forrns were tised, but the objections
to the ordinary formi of engine or dummy have confined
themi to the sparsely populated districts. Cable trac-
tion lias corne into extensive use, and latel;', also electric
traction. Othier methods are, however, also competing
for public favor; in Toledo, Ohio, a plant wvas rccently
installed in wvhich the motor wvas operated by coni-
pressed air, wvhile another company in Chicago have
been experimenting on the merits of compressed steam
as motive pover. In this system, wvater is to bie heated
at a charging station to a teniperature corresponding
to about 200 lbs. steam pressure, and each car is to
have a welljacketed reservoir to carry a supply of
compressed, steam and water; the moto7r is a smail
steam engine of spa-cial design to exhaust at a lov
pressure and operate noiselessly.

Electricity as a motive power for street railways
possesses 50 many advantages over ail other systemis
that it is at present recognized as the best irethod of
propulsion for the great majority o! cases. The speed
of an electric car can be vanied at wvill ; power -is con-
sumed according to load and rate o! speed, and there
Ù; no constant factor of loss as in the cable system ;
the cars can be moved forwvard or backward, they can
ho started and stopped witl surprising rapidity, and
are not liable to get beyond c >ntrol. The system lias
also its pjints of inferiority; the method of transmitting
current to the car by an .,verhead %vire line is severely
criticised, and the accotints furnished by the daily press
o! the accidents and destruction tu life caused by the
Ildeadly trolley" have corne to be an old story, t hough
in point of fart only a small proportion of these are
attributable t. purely electrical causes. The dangers o!
a street railway service natiirally increase as the rate
o! speed maintained is advanced, and the greatest
number o! accidents are due to this cause. Cable rail-
wvays are in reahity a greater source o! danger than is
the line %vire of a trolley road.

In electric railway wvork one o! the chie! problemns
involved is how to, supply current to the moving motor.
A number of different methods have been proposed, aIl
o! whichi resolve themselve.s into two distinct types,
and since these affect changes in the entire operation
of the road, wve rnay classify the whole subject under
the saine headings, viz. :

i. Where the cuitent is generated at a central
station and transmitted directly to the car miotor by
means of a wvire line and moving contact.

2. Where a certain quantity of energy is stored up
in some formn or other and carried' on the car itsel!,
there to be supplied in the formn of electric current to
the car motor. In this case the accumulator is uSually
an electric storage battery, though other plans have
been proposed, in some instances very cornplicated.

In the first type the transmission of current rnay
lie accomplished by an entirely overhead line, or by an
entirely underground line, or by a modification of these,

as, e.g., in the case of the Buffalo street railway, wvhere,
we believe, ail the feeders and mains are buried and
only the trolley wvire is overhicad. The terni Iltrolley
roads " may be applied to ai of these. Theoretically
considered, the second rnethod is no doubt the more
desirable one, since it eliminatés entirely the difficulties
of a transmitting line, but as yet it bias flot prove 'n
itself altogether successfui ; in fact the only electrical
method wvhich bias so far stood the test o! a nuniber of
years in aIll* kinds of climate is the overhead trolley
systeia o! the first type.

The three essential points o! any electric road
naturally are :

i. The generating plant.
2. The transmitting plant.
3. The motors and car equipinent.
Let us consider these more in detail.

GENERATING PLANT.

The location and design o! the power station is a
matter wvhich should be studied with much care. For
roads of the-first type it should be as central as pos-
sible ivith reference to the territory covered, in
order to economize copper and mininaize losses on the
line. if it be a steamn plant it will be of advantage to
place it wvhere an abundant supply of water can be
obtained for condensing, and near to raiiway Uines and
stearnship wharves, so that fuel may be brought in
without extra outlay for cartage. On the other hand,
property values must also be considered ; accurate esti-
mates of ail the quantities involved must be prepared,
and to determine wlhere it wvill bie advisable to add to
first cost in order to save in working expense, the
interest on the extra capital so invested must bie bal-
anced against the decrease in wvorking expense thereby
effected. That it resuits in economy to utilize water
power for electrical purposes cannot always be taken
for granted. Such natural sources o! pow.er are gener.
ally found at locations more or less inconvenient, often
at some distance fromn the cen tre of distribution, and
the extca outlay for copper and other items of primary
investment, as well as the increased loss in transmission.
may assume such large proportions as to bring the n(
cost per horse powver per year above wvhat it would lie
if steam wvere used. Moreover, wvhère the ioad is a
variable one, the wvater power plant vil not accomme.-
date itself so well to the fluctuations, and the smooth-
ness of operation obtained in a steam plant cannot be
acquired; this entails a further Ioss as wvill be shown
later.

In electric railway work o! the first type, viz.
Where the car motors are supplied with current directly
frotn the generators by means v'f a transmitting line,
the service required of the motive power is much more
exacting than in ordinary cases; the load fluctuates
betiveen very avide limits and %vith great -rapidity, par-
ticularly so on small roads. This causes not only
unusual strains on the machinery, and which must 'ail
be allowed for fa construction, but unless the reýuiat-
ing apparatus responds promptly to a change of load,
satisfactory resuits cannet be obtained. Take for
example a road- operating six cars altogether, weight
8 tons per car, average speed 9 miles per hour, roadbed
rather hilly but grades not over 3 per cent. The power
required at the car axle to propel one of these 'cars on
a level wouid be about 4 h.p., 2 pér cent. grade i r.5
h.-p., 3 per cent. grade 1t5.5 h.p. If now two o! these
cars be simultaaeously started on ascending grades of
say 2 and 3 per cent., ivhile two others -are running on


