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CHAPTER LXXVII
ELECTRIC VEHICLES

 The term electric vehicle, is generally applied to a great variety
of either passenger or freight carrying machines which are pro-
pelled by electric energy supplied usually from storage batter-
ies, and in some cases from dynamos direct connected to gas
engines; the latter type, however, does not include gas electric
combinations used on some electric railroads. A

The principal types of electric vehicle whlch are commercially suc-
cessful at the present time are:

1. Electric automobiles, represented by various types of roadster,
coupe, pheeton, cab, etc., suitable for the use of physicians, business
men and others, in 01ty service, :

2. Electric trucks and vans for moving merchand13e and for deliver-

ing purposes.

3. Gasoline-electric trucks, which re%resent an”attempt to overcome
the lack of flexibility of internal combustion engine by combining it
with a dynamo and storage battery.

Electricity as a Motive Power.—Vehicles propelled by
electric motors, whose energy is derived from secondary bat-
teries, are preferred by some on account of the combined advan-
tages in point of cleanliness, safety and ease of manipulation.
When well constructed and well cared for, they are also less
liable to get out of order from ordinary causes. Among their
disadvantages, however, may be mentioned the fact that the
storage battery must be periodically recharged from some
primary electrical source, which fact greatly reduces their sphere
of efficient operation.
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Since electric vehicles are not the prevailing type, charging stations
are in some localities few and far between which would make it impos-
sible under these conditions to make an extended tour from the base
of supplies. This difficulty cannot be overcome by carrying an extra
battery since the additional weight would curtail the speed and carry-
h% power of the vehicle. .

t is impracticable to propel a vehicle by a battery of primary cell,
since such a battery of sufficient power would have little, if any, ad-
vantage in point of endurance over secondary cells, and when once
exhausted must be entirely replaced.

Light Electric Vehicles.—These are of various types, such
as roadsters, victorias, phatons, runabouts and coupes, and are

F1G. 4,058.—Baker electric roadster. The general specifications are as follows: frame, pressed
steel; wheel base, 88 ins.; tread, 50 ins.; steering mechanism, two types, one with wheel
steer, the other with lever steer; controller, continuous torque type, six speeds forward
and three reverse; springs, semi-elliptic and full elliptic rear; battery, 34 cells, 13 MV
thin plate Exide, standard; tires, 324 special electric pneumatic front and rear or 34X4
cushion front and rear; brakes, two sets of internal expanding on rear wheels, operated
mlgzgendently by two foot pedals; body aluminum, with side doors, open top, nickel and
b metal finishings throaghout; painting, body black, blue, green, or maroon panels,
striping to match; upholstcry, blue, green, or maroon leathers, or imported broadcloths,
standard; fenders, full skirtcd metal curved fenders; equipment, two head lamps, two
side lamps, tail lamp, side and storm curtains; volt ammeter and shaft odometer, full
kit of tools, special adjustable clear vision wind shield, electric horn.

equipped with batteries which have a capacity ranging from 75 to
100 miles per charge, with controller arrangements for providing
speeds varying from 6 to 25 miles per hour. In these cases the
number of cell in each battery may vary from 10 to 30 according
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to the make and number of | plate in each cell. The number of
plate in each cell may vary to suit special conditions.

Electric Trucks for City Service.—Under certain traffic con-
ditions and surface requirements, the superior mobility of the
gasoline engine truck effects a saving in drivers sufficient to com-
pensate for the higher maintenance charges, but when the number

~ *-\\m il h.ni.\\“ J/

F1a. 4 ,059 —V1ew of front rtlon of electric truck showing electric. winch which provides

cal means for or unloading, consequentl reducing the time necessary

for this performance, &pecm y in the case of bulky and heavy articles, thus in ‘some
instances increasing the total utility of the machine and operator.

of active truck is the same in each case, the electric truck is
sometimes the more economical.

The gasoline engine truck has the advantage in all classes of service
requiring a greater mileage than that which is conveniently obtainable
with the electric truck, but the greater portion of city delivery service
is well within the limits of the safe operative mileage radius of the
electric truck built at the present time.
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Gasoline-Electric Vehicles.—The principal disadvantage of
the gas engine for self-propelled vehicles is its lack of flexibility;
while on the other hand, the principal disadvantage of the
electric vehicle operated by means of storage batteries is its
lack of mobility. It is evident that the short coming in each
case can be overcome only by combining the gas engine with a
dynamo connected to a storage battery, for supplying the power
required by the electric motors. |

in
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FP1G. 4,061.—Interior Waverly front and rear drive electric brougham. The seating arrange-
ment of this type of electric duplicates that of the Waverly front drive four with the
addition of separate steering and controlling levers, and a separate set of brake pedal at
the left of the rear seat. The car in this way gains the advantage of dual driving systems,
a feature sometimes desired. '

Such a combination will operate at practically constant speed at all
loads, as the dynamo with the storage battery serves to turnish the
necessary overload, or consumes that portion of the energy which is
not needed. Furthermore, the transmission will be entirely electrical
and will possess the simplicity and flexibility of electric control; while
the use of a motor will allow the attainment of various speeds by series-
parallel combinations.

Vehicles of this type are built in the form of omnibuses, surface cars
and trucks for city service and freight and passenger cars for interurban
railway service. The arrangement appears better adapted to the latter
service, than for propelling pleasure vehicles. -
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Electric Vehicle Essentials.—The three essential features
which convert a vehicle into an electric automobile are. the
battery, the motor and the system of transmitting power from
the motor to the propelling wheels.

In order to move a body from one point to another, it is
necessary to apply power to overcome the various opposing
forces that always exist. In putting any body, say a carriage,
into motion, the effect of its weight, called inertia, opposes the
force producing the motion. Inertia requires an application of

!
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Fi1cs. 4,063 and 4,064,.—Waverly'altaernaﬁve seating arrangements.

force directly proportional to the rate at which the vehicle is
accelerated. Besides this, there are several forces which are
active not only on starting and increasing the speed, but when
a uniform motion has been attained. These forces are: 1, wind
pressure; 2, internal friction of tires; 3, losses in the various
moving parts; 4, electrical losses in battery; 5, electrical
losses in wiring and motor; 6, gravity in ascending hills.

All these forces which are met when the vehicle is under motion
absorb more or less power, and, as in an electric machine the quantity
of energy that can be stored is limited, it is of the greatest importance
that the designing engineer should bear in mind the vital necessity of
cutting down these opposing forces as much as he possibly can.
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Wind Pressure.—The resistance of the air encountered by a
vehicle at normal speed is not a very serious matter, but with
an increase of speed or with a head wind, the loss becomes quite
large and racing cars are built with the idea in view of reducing
the area exposed to the wind and so shaping the exposed parts
that the machine will cut its way through with the smallest
amount of retardation.

P1G. 4,065.—Weston volt ammeter of the type used on electric vehicles. In some types, the
index is side by side instead of end to end. :

Tire Friction.—The most important loss, perhaps, and one
that is least understood is the effect of tires.

It is clear that the portion of any tire which is in contact with the
earth must be flattened, but in order to do this, not only must some
other parts of the outer surface of the tire assume a deformed sha
by creeping, but there must be a change in the relative position of the
internal particles. If the tire be a double tube, pneumatic, the inner
tube will rub against the casing and the casing will have more or less
play against its fastening.

In every pneumatic tire, besides the rubber composition there must
be a certain amount of tough cotton fabric which gives the entire struc-
ture its strength. In most tires of standard make this material is in-
serted in the shape of canvas fairly closely woven and quite stiff: In these
tires the elasticity of the rubber is restrained and controlled by this



ELECTRIC VEHICLES 2,823

cloth, and it is readily seen that there is but little of the power of flat-
tening or adapting itself to the road that would oe possible by the
same tire were rubber used alone.

Thread and cord fabric tires have been developed with the intention
of retaining the strength of the cotton and at the same time permit of
more freedom of motion than canvas will allow. The idea is to use
independent threads or cords and surround them with rubber. The one
layer of such threads being wound in the direction of the thread on a
right hand screw and the next layer at right angles to these. The
action of all the threads will then resemble very much a strip of loosely
woven cloth cut bias.

1! peozma
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F16. 4,066.—Interior of Borland electric. The driving seat is tilted forward to show the means
of ready access to controller through the box-like base beneath the seat.

There are losses in the electric moter, controller and wiring which in
importance rank next to tire losses; besides the design of the motor
should be such that outside of the question of its own efficiency its
propelling power should be so regulated that the maximum distance
may be covered on a single charge.

In the design of electric vehicle the object of the builders should be
to attain the greatest ible mileage consistent with durability; also
lightness, combined with strength and efficiency in every part. To
this end manganese bronze, aluminum, seamless tubing and drop-
forged steel are the materials that are largely used. - ‘
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Motors for Electric Vehicles.—These are of the enclosed
type of construction, which of necessity they must be, in order
to protect them from dust, etc., in their exposed positions under
the car. They are designed for heavy overloads.

12271
14350

14480
144 81

10320
7076

F1G. 4,067.—Rauch and Lang electric vehicle motor. Instructions for care of 2
The two oil covers lead to the ball bearings in the motor yokes. A 8ood grade of light
linder oil is recommended for these bearings. The commutator, 10,320, should be at
times kept clean, free from any gummy or gritty substance. The carbon brushes 7,076
should make perfect contact with the surface of the commutator and should be replaced
with new ones when worn out. These brushes are originally 13§ inches long and should
be replaced with new ones as soon as the measurement is reduced to 13{ inches. It is
safer to replace these brushes often, rather than allow them to become too short. Very
serious damage may result from using brushes that are too short or ones that make poor
contact with the commutator. Brushes that are too short or that are making poor contact
will pit, burn and blacken the surface of the commutator. Replacement of brushes should
be made only by an experienced person. The motor leads are lead out of motor
insulated holes. These holes, lettered J, H, B, A, S, E and F correspond to the letter con-
tacts on the controller into which they are connected. The motor brake may be adjusted
for wear by means of the winged nut 14,350. Clearance between brake jaws and wheel
may be adjusted by means of the screw 14,271, To remove brake wheel from armature
shaft, take the %4 screw C out of the cap 14,481, A 14 inch, 12 pitch bolt, 3 inches or
longer, or a cap screw may then be screwed through the threads in the cap and u agmst
?ﬁe tind sl?zf; fthe armature shaft. Continue to turn this screw and the pulley will ge rawn
e t.

When a vehicle is started or its speed increased, a certain
amount of energy is absorbed to produce this acceleration. The
total amount of energy required is in proportion to the total
weight and to the square of the velocity, so that to double the
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weight of a vehicle means doubling the power required for start~
ing, and doubling the velocity means four times the power.
Accordingly, to meet these conditions, especially when starting
under severe conditions, as on a sandy road, or in ascending a
hill, the electric vehicle motor is constructed for a 200% or
more overload. -

As stated by one manufacturer, a motor for a two passenger runabout
rated at 214 horse power consumes 6,800 watts in ascending an 11 per
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G, 4,068.—Waverly 80 volt motor. In eomtruction it is series wound medium epeed.
The armature rotates on ball bearings; four poles are used.

cent. grade at 7 miles per hour, although no more than 360 watts are
required to propel the vehicle on an even asphalt roadway at 814 miles

hour. These figures represent an effective power range of between
3? horse power and over 9 horse power.

There seems to be some uncertamtg' as to the precise power rating
of vehicle motors, but, as a matter of fact, they are wound to develop
the highest constant power output at the mghest voltage used, with a
high overload capacify for short spurts, as in hill climbing, ete.

Ques. What objectionable feature should be avoided
in electric vehicle design?

Ans. Very quick acceleration, because a vehicle. constructed
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