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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

!

-‘?
—

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
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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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.I‘. |

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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with this feature, not only gives the passenger an unpleasant
jerk, but puts a heavy overdraft on the battery.

Ques. What are the considerations with respect to
friction in the bearings?

Ans. Since the amount of power lost by friction in the
bearings requires that much more power to be carried by the
vehicle, in order to attain the desired mileage or speed, it is
very essential to reduce frictional losses to a minimum by using
approved forms of ball and roller bearing.

FiG. 4 069 —Dxagram of a single motor attached to rear axle through ‘‘herringbone’ single
reducing A, is the left hand section of the divided rear axle; B, the right ha.nd
section o the rear axle; C, the brake drum; D, the spiral pinion on the motor shaft
driving the worm gear, f on the differential; E plug for greasing gears; F, set screw for

ball race; G, slot for wrench to adJust threaded ring, H, against ball bearings,

The Drive or Transmission.—Because of the relatively
high speed of the motor as compared with that of the rear
wheels of the car, a system of gearing is necessary between the
motor and rear axle to obtain the necessary velocity reduction.
Moreover, in some cases, other gears must be provided so that
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the power may be applied to the rear shaft when the motor
shaft and rear shaft are at right angles to each other.

There are several forms of drive, as by

1. Herringbone gear;

2. Chain gear;

3. Worm gear.
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. F1G. 4,070.—Waverly double reduction gear or combination herringbone gear and ‘‘silent®

| chain. In construction the motor shaft is parallel to the intermediate or jack sl
and drive shaft. Two universal joints are used, so as to give freedom of motion in any direc-
tion. The motor weight is above the springs. The first reduction is by the silent chain
encillclasegxlm a casing at end of motor; the second reduction is through the herringbone geas
in the axle.

i
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Herringbone Drive.—This type of drive gear is extensively
used.

The method of attaching a single motor to the rear axle through her-
ringbone single reducing gears is shown in fig, 4,069. A and B, are the

two sections of the divided rear axle. The spiral pinion D on the
motor shaft drives the worm gear I, on the differential. C represents
the brake drum; E, the plug for greasing gears; F, the set screw for
locking ball race; and G, the slot for wrench for adjusting threaded
ring H, against the ball bearings.
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The advantag& of this sort of drive are its freedom from noise, its
simplicity and durability owing to the parts being enclosed.

Chain Drive.—This form of drive is desirable for heavy service,
as on very large trucks. It is a noisy and dirty mode of power
transmission, and when not enclosed is subject to rapid wear.

In chain drives there is more or less elongation of the chain due to
the wear of the rivets and bearings or to stretch of the material. To
guard against the latter, chain makers use special material of high

B

N

Fics. 4,071 and 4,072.—Diagrams showing the behavior of a chain on a sprocket of equal pi
and on one of properly unequal pitch. The following quotation from an English autl‘x,;gi:h'
explains the action: “A chain can never be in true pitch with its sprocket. A pair of spur
gears tend, to a certain extent, to wear into a good running fit with each other, but a
chain, if made to fit its sprocket when new, does not continue do to s0o a moment after
being made, as wear at once throws it out. This being so, it must be put up with, and in-
volves the consequence that a chain can only drive with one tooth at a time, su
mented li}' any frictional ‘bite’ the other links may have on the base of the tooth inter-
spaces. If the chain be made to fit these accurately ﬁtskmg a roller chain for illustration),
it is obvious that the least stretch will cause the rollers AA to begin to ride on the teeth
as at BB. If, however, the teeth be made narrow compared with the spaces between the
rollers, a considerable stretch may occur without this taking place. The roller inter-
spaces, then, should be long, to permit the teeth to have some plsgem them, while re-
taining sufficient strength, as shown in fig. 4,072. In order that the dri sprocket
may receive each incominyg link of the chain without its having to slide up the tooth face,
it should be of a somewhat longer pitch than its chain, the result being that the bottom
tooth takes the drive, this being permitted by the tooth play shown in fig. 4,072. This
difference, of course, ually disappears as the chain stretches. The back wheel ogfodcet
on the other hand, should take the drive with its topmost tooth, and hence should be of
slightly less pitch than the chain, but as the pitch of the latter constantly increases, it may
be originally of the same pitch. The only remaining point with re to design, and one
which the owner of a car may easily ensure, is that the number of teeth in the sprockets
should be prime to that of the links in the chain.”

tensile strength, but if, for any reason, a link elongates unduly, it should
be replaced at once, as one long link will eventually ruin a chain. Such
elongation sometimes results from a sudden application of the load.

To prevent undue interference between the chain and sprocket as
the result of elongation, the sprockets are not cut to fit the chain accu-
rately but with a certain amount of pitch line clearance.

‘Ques. State a very objectionable feature of chain drives?
Ans. The chain sometimes climbs the sprocket teeth.
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Ques. What is the cause of this?
Ans. Considerable wear or too little clearance.

If a sprocket were cut without clearance, an elongated chain would
climb the teeth and the latter would exert a wedging effect, thus sube
jecking the chain to excessive strains. In design the amount of clear-
ance should be as large as is consistent with the proper strength of the

‘Ques. Under what conditions should a chain operate?
Ans. It should work in oil, in a dust tight case.

REAR WHEEL

JACKET SHAFT
SPROCKET / REAR
MOTOR SHAFT A CHAIN AXLE
B
N L=\
Q };. &
I ©
o S
SECOND
b FIRST
REDUCTION

SPROCKET

F1G. 4,073.—Double chain drive. The rear axle is of the “dead” and each rear wheel has
a sprocket with which the chains mesh. The jack shaft is parallel to the rear axle and upon

the maintenance of parallelism between the two axles depends the _satisfactorﬁ working
of the chain. The cut illustrates single and double reduction chain dri or single

reduction the motor would be located at A, and for double reduction, at B.

Ques. What is the advantage of the chain drive?

Ans. The greater portion of the weight of the drive mechan-
ism is supported by the frame instead of the rear axle housing;
it is thus cushioned from shocks due to uneven road.

Ques. What two kinds of chain are used?
Ans, Block cha.m and roller chain.
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F1Gs. 4,074 to 4,077.—Details of Wood's electric vehicle construction. Fig. 4,074, motor
suspension showing detail of the hangers between which the motor is su.spended; fig.
4,075, radius rod connection, showing phantom view of radius rod and how a
to rear axle housing. Also mounting of rear spring or, radius rod forward to rear axle;
fig. 4,076, steering knuckle, showing connections and half of front spring; fig. 4,077,
front spring showing full elliptic design and method of attaching springs to main chassis

e.
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Ques. Describe a block chain.

Ans. A block chain is made of a series of block; properly
shaped to fit the teeth of the sprocket, each joined to similar
blocks before and after by side links bolted through the body
of the block.

Ques. Desaibe a roller chain.

Ans. A roller chain is composed of a series of roller, known
as center blocks, joined by side links. Each roller rotates
.on a hollow core which is turned to smaller diameter at either
end, to fit a ‘1pérf91jated side piece joining the rollers into pairs.
The side links are set over these side pieces and bolted in place

' throtgh the cores.

Ques. How do the two types compare in operation?

Ans. A block chdin with generous slack is liable to meet
the sprocket with a continual clapping, which at high speed,
becomes a ‘continuous rattle. A roller chain is comparatively
free from the trouble. -

Ques. What causes the snap and rattle of a chain?

Ans. The fact that even with the best designed sprocket,
as each tooth in turn passes-out of -engagement with the chain,
the next roller must be drawn forward through an appreciable
distance before engaging a tooth. This action not only pro-
duces the noise, but it is a factor in waste of driving power.

Ques. What attention should chains receive to main-
tain a proper working condition?

Ans. The principal points to be observed in the use and care
of sprocket driving chains are: 1, to maintain the proper ten-
sion in order to avoid ‘“whipping’’—which, particularly with a
long one, is liable to result in snapping of the chain,—and, at
best, involves a loss of driving efficiency. The chain should not
be drawn too tight. lest a similar disaster result. Some slack
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must always be allowed, 2, two sprockets should always be kept
in alignment. In the case of a double chain drive, from a
counter shaft parallel to the rear axle, care should be exercised
to maintain the parallelism, even preferring a somewhat loose
chain to a tight one that strains
the countershaft, 3, if a link show
signs of elongation, it should be

SDUAL CONTROL LEVERS
RATCHET

& 5;;3 replaced by

: a new one,
Sss8 4, whenever
e chain is re-

moved for clean-
ing or other pur-
pose, it must be
carefully replaced,
so as to run in
the same direction
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as formerly, and with the same side up. The chainl

should never be turned around, or its direction between the
sprockets reversed, 5, a new chain should not be put on a much
worn sprocket, 6, a chain should be frequently cleaned and rubbed
with graphite, because the chief difficulty involved in the use of
driving chains is the liability to clog and grind with sand, dust,
and other abradants, and 7, after steady use for a more or less
extended period, the chain should be removed and cleaned
throughout.
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Fic. 4 079 —Rear view of Wood ¢ chassis with battery showing the following features of
comtructlon 1, radius rods extending from rear axle to sub-chassis frame; 2, rear

springs rest on radius rods, instead of on rear axle; 3, motor, showing ball and socket
spring suspension; 4, worm drive, showing location of worm below rear axle.

Ques. How may a chain be best cleaned?

Ans. After removing it from the sprockets, cleanse first in
boiling water, then in gasoline, in order to remove all grease
and dirt. The common practice is next to boil the chain for
about half an hour in mutton tallow, which is thereby permitted
to penetrate all the chinks between rolling surfaces forming an
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excellent inside lubricant. After boiling, the chain is hung up
until thoroughly cool, at which time the tallow is hardened.
It may then be wiped off clean and treated with a preparation
of graphite, or a graphite alcohol solution on its inner surface.

Some authorities recommend that the chain, after it is cleaned in
boiling water and gasoline, should be soaked, first, in melted
for an hour at least, and then in a mixture of melted mutton tallow and
graphite. After each soaking, it is dried and wiped clean. With either
process, a daily application of graphite is desirable. -
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P16, 4,080.—Chain and sﬁrocketg double reduction gear for heavy trucks. As here shown, the
motor is hung above the springs, missing the jars of travel.

Ques. Is it necessary that both- chains be of equal
tightness?

Ans. No; the differential gear on the jack shaft will coun-
teract this and cause each chain to do its share of the driving.

Ques. What adjustment is important with a chain
drive?

Ans. The jack shaft and rear axle should be made parallel |



ELECTRIC VEHICLES _ 2,838

by adjusting the radius rods to secure the proper engagement
of the chain with the sprockets.

Combination Chain and
Gear Drive.—For very
heavy trucks where a con-
siderable reduction in speed
is required between the motor
and wheels, a double reduc-
tion is sometimes used as

shown in fig. 4,080.

The motor is usually hung
above the springs, thus being
protected from the jars of
travel.

There are several forms of
double reduction using light
high speed motors by means
of various combinations of

T1G. 4,082, —Baker R and L motor, propeller shaft, universal joints, worm and gear. This

is the straight type top mounted worm drive.

gear and chain, with silent, roller chains or herringbone gears for
the first reduction, and single or double roller chains, bevel
gears or herringbone gears for the second reduction.
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Worm Drive.—This is a very popular drive for trucks and
pleasure cars propelled by electric motors, because of the very
large reduction possible on single gear. It has the advantages
of silence in operation and great durability.

Ques. Describe a typical modern worm drive rear
axle construction.

F1G. 4,083.—Baker R and L. worm drive transmission unit.

Ans. The worm wheel and differential gearing are assembled
as a unit with the cover of the axle housing. This housing car-
ries all of the weight, the driving shafts being full floating and
. transmitting only the driving power to the wheels. A torque

rod takes all driving and braking tortional strain, while two
side radius rods relieve the rear springs of all tractive effort.
Annular ball bearings are used to take the radial and thrust
loads of the worm and wheel, while the road wheels run on
conical roller bearings.
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Storage Batteries for Electric Vehicles.—The storage bat-
tery has been modified in various ways to adapt it to automo-
bile use, the problem being to secure the greatest specific energy
with the least bulk and weight. Its efficiency, or the amount
of electrical energy it will discharge in proportion to the amount
it takes to charge it is also an important consideration. Aver- -
age figures run between 70 and 90 per cent.

S W

F16. 4,084.—Lanchester t of worm drive as used on some electrics. An advantage
claimed for this form of worm drive is the fact that mounting the worm below the ring
gear permits it to be placed in a bath of oil, assuring constant and ample lubrication.

The storage batteries which have proved most successful in connec-
tion with electric vehicles are the 1 sul}ghuric acid type, and the iron
nickel battery, commonly known as the Edison battery.

Ques. What construction is employed to reduce the
weight of battery for use in electric vehicles?

Ans. The plate surface is finely divided.

The following methods are those most common: scoring, grooving,
laminating, casting, pressing and by the use of a lead wool.
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The Faure, or pasted plates are usually lighter and of higher
capacity than the Plante, but have a tendency to shed the material
for tne grid thus making the battery useless.

Mileage and Battery.—If the proper mileage per charge be
not obtained when all mechanical parts of the car are in good
order, ‘it is undoubtedly due to the battery being undercharged
and not brought up to full voltage as indicated on the meter.

In this case it is best to discharge the battery until voltage indicates
1.8 per cell; open the hoods over the battery, remove plugs from cells
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F1G, 4,085.—Waverly 42 cell lead battery. All battery cells are accessible from outside of car
by raising the hoods. .The battery compartments are lined with acid proof material to
prevent acid reaching the paint, the running gear or other parts.

and cover the plates with distilled water to within one-half inch of
the inside top cover. Charge the battery in the usual way until it
reaches a maximum voltage as given on charging card, then charge
four hours longer at the lowest rate shown on the card. Try battery;
if this do not improve the mileage sufficiently, repeat the operation as
before. If after repeating the operation three times, normal mileage be
not obtained, and trouble be not found elsewhere the maker of the
battery should be consulted at once.

* Points Relating to Storage Batteries.—The following im-
portant directions should be carefully followed to obtain satis-
factory service for a storage battery:

® NOTE.—For a full treatment of the subject of storage batterics, see Guide No. &
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s 5, starting plug
It ammeter:
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t wires; 17, side light wires; 18, doo

opening switch; 22, closing switch; 23, contactor.

, Charging
t button;
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16, tail

h

controller;

10, meter

]

light switch;

15,
t; 21,

9, meter light;
h

head light wires;
jamb switch; 19, inside rear corner lights; 20, dome lig

volt ammeter;

6, signal button; 7, horn; 8,

x; 13, resistance guides; 14,

iring diagram of Baker

086.—Wi

15, Fuse b

Fm. 4,

1. Keep
the battery
and connec-
tions clean.

2. Goover
the same and
see that they
are bolted up
tight.

3. If there
be any low
cells in the
battery, at-
tend to them
at once.

4, Keep
the electro-
lyte, or bat-
tery solution,
at the proper
height above
the tops - of
the plates.

5. Keep
the density
of the elec-
trolyte, or
battery solu-
tion, at the -

. proper point.

6. Do not.
charge at a
rate that will
make the
cells exceed
100 degrees.
F. in temper-
ature. .

7. A bat-
tery can be:
ruined in
three hours.
after it has
been put in
use by being
left on charge
at a high rate-
after it is
full.
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8. The user of the vehicle should keep careful track of the charging
and, if possible, watch it personally.
9. In all cases follow strictgr the instructions furnished by the maker.
10. Do not let battery stand completely discharged.
11. Do not let battery fully discharge in cold weather.
12. Do not let battery stand in a partly discharged condition long.
13. Do not go away on a visit and allow battery to stand inactive,
14. A battery must be worked constantly to get satisfactory service
and when going away for two weeks or more, it is best to make arrange-
ments to have the battery looked after by someone familiar with it.

15. In charging, always connect the positive wire of the charging
source to the positive terminal of the battery and vice versa.

16. If the battery become dead, or lose mileage, consult the makers.

17. Charge battery in a warm room in winter.

18. In consulting the makers, be sure to give full particulars.

POSMVESTR ) VENT(sorr nusses), NEGATIVE STRAP
W'E;V)Eﬁfnmm(wmw) ; e TPEL)

PLATE Ve

POSITIVE PLATE .

HARDRUBBER ™~
SHELT (rearonond
Gt POSITWE PLATE) ™

&?oa SEPARATOR
FLAT SIDE AGAWTT NEDETN
TE_ GROOVED HOE A
WAINST PUBEER SHEET)

NEGATVE PLATE

MARDRUBBER JAR

POSITIVE 1 ATE

SFFARATOR

NEGATIVE PLATE-

Jar BRIDGE

F1G. 4,079.—Gould cell showing parts. .
F1G. 4,088.—Sectional view showing height to fill Gould starting and lighting type of cell,

Battery Capacity.—As there is no sure way for the automo-
bilist to estimate the discharge capacity of his battery, he is
obliged to base such calculations as he makes on the figures
furnished by the manufacturers. With the help of his indi-
cating instruments, the voltmeter and ammeter.

Apart from any considerations of efficiency, the driver of an elec-
tric carriage should carefully bear in mind the figures supplied by
the manufacturers of the type of battery he uses, in order to judge:
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1. How long the present charge will last;

2. Whether he be exceeding the normal rate of discharge, and thus
contributing to the unnecessary waste of his battery and incurring other
dangers that may involve unnecessary expense.

As a general rule the 1 hour discharge rate is four times that of the
normal, or 8 hour discharge, and considerations of economy and pru-
dence suggest that it should never be exceeded, if, indeed, it be ever
employedg.g The 3 hour discharge, which is norma.llly; twice that of the
8 hour, is usually the highest that is prudent while the 4 hour discharge

is the one most often employed for average high speed ridix}i; batteries
e

give only the 3 and 4 hour discharge rates in specifying capacity
of their products.

P1G. 4,089.—View showing Studebaker electric in home connected to rectifier charging
outfit. The subject of rectifiers has been treated at such length in Guide No. 6, that no
further explanation is here necessary.

. NOTE.—High Charging Rates.—Occasionally it is desirable to charge a battery as
quickly as possible, in order to save time, as when belated and far from home with an electric
vehicle that has almost reached its limit. As a general rule, such a procedure should not be
adopted unless the battery be thoroughly discharged. In chargirﬁ a battery at a high rate,
the danger to be avoided is the tendency of the cells to heat. A battery should never be
charged at a high rate unless it be completely exhausted, since it is a fact that the rate of
charge that it will absorb is dependent upon the amount of energy already absorbed. Asshown
in the table of high charging rates, the 96 ampere hour cell requires, for c in three
hours: For the first half hour, 70 amperes; for the second, 40 amperes; for ird, 30 amperes;
for the fourth, 20 amperes, and during the last hour, 10 amperes. 1 may also be ed at
- the following rate in 45 minutes: 140 amperes for the first 20 minutes; 100 amperes for the
next 5 minutes; 70 amperes for the next 5 minutes; 3) amperes for the next 10 minutes; 10
amperes for the last five minutes. This is the rate to be followed when the battery is com-
pletely discharged.
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The following data on sizes suitable for automobile use will
be found useful.

Discharge in Amperes | Ampere Hour Capacity | Normal Outside Dimensions of
Per Hour During When Dllﬁwod Charging Jar in Inches
SHrs. B Hrs. 3Hrs BHrs. 6 Hrs. 3Hrs. P8¢ [Theight | Length | Width
64 8% 12% |50 43X 374| 6X | 104 | 54 | 4%
7% 10% 15 | 60 52)4 45 7% | 11 7% | 4%
8% 12 1% |70 61X s2| 8% | 12% | 7% | 4X
10 74 20 8o 70 60 10 12 . 63 2
2% 17% 25 |100 874 75 12% 12 634 7
15 21 30 {120 105 9 | 15 | 12}% 634 Y
17 24% 35 |140 1224 10§ 7% | 12)4 | 6% | 7
20 28 40 |160 140 120 20 12% 9% 5%
228 31% 45 |18 1574 135 | 224 | 12)6 | 9 6%
25 35 50 |200 175 150 | 25 126 { 9 6%
27% 38X 55 (220 192)% 165 | 27)4 | 12} 9 | 64
30 42 60 |240 210 180 30 12} 9 6}4;
374 52% 75 |300 262)% 225 | 37)4 | 12} 9% | 7%
45 63. 90 |[360 315 270 | 45 12% 9 | 8%
52% 73% 105 420 367% 315 | 52% | 12% | 116 | 8

NOTE.—The figures will vary for different rates largely due to the number of plate per
jar and to other points of construction. : '

Asgiven by a well known vehiclemanufacturer, the following dataondis- |
charging and rapid charging of agiven makeof battery will befound typicals

Ampere Hour Capacity (|- Rate in Amperes for Rate In Amperes for a

Discharged ‘g‘ég a 3 Hour Charge 45 Minute Charge
— in (28| A K 8 —
3Hr. 4 Hr. 6 Hr. BHE. BHE.|[T2 | 3gHr. 36Hr. 3§ Hr. J$Hr. TH.|| 20 M. 6 M. B'M. 10 M. 5M.
34 38 40 42 48 6|36 20 16 10 5| 72 52 36 16 5§
45 50 sg 55 64 8 [|48 28 20 16 7 96 68 48 20 7
66 73 48 81 g6 |[ 12 || 70 40 30 20 10|l 140 100 70 30 10
112 124 132 137 160 || 20 [|128 68 52 32 17| 238 170 119 51 17
140 155 165 171 200 || 25 (150 86 62 42 21 || 300 214 150 64 21
168 186 198 206 240 || 30 (178 102 76 s0 26 || 356 254 178 76 26
196 217 231 240 280 || 35 (208 118 g0 60 30 || 420 300 210 go 30

NOTE.—Itiscustomvavxmtostate the normal capacity of a cell in am h based
upon the current which it will discharge at a constant rate for eight hours us a cell which
will discharge at 10 amperes for 8 hours without the voltage falling below 1.75 per cell is said to
have a capacity of 80 ampere hours. It does not follow that 80 am would be secured if
the cell were discharged in 1 hour. It is safe to say that not more tmo amperes would be -
ge ::‘8%1’1‘;‘ ;n::h this rapid discharge. tlz;he aflnpcre goug capacity decreases wg’tl:l the incrc&sc g
ry ut. Generally speaking, the voltage during discharge is an indication

quantity of electricity remaining within the cell, 4

h
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Electric Vehicle Controllers.—The form of controller
adapted to electric vehicle use consists of a rotatable insulated
cylinder carrying on its circumference a number of contact,
arranged to make the desired connections with the terminals of
the various apparatus in the circuit through a wide range of
va.natlon
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F1G. 4,000.—Diagram of the controlling apparatus of a light electric vehicle, A, brake pedal;
B ratchet retaining pedal in place, é)lperate by left foot; C, dash board; D body sill; E
steermg handle; F, controller handle; G, rocker shaft for settmg hub brakes J, brake
band on wheel hub; H, rear axle.

Some controllers are constructed with a cylindrical surface,
upon which bear single leaf springs, the desired electrical con-
. nections being made by suitably connected conducting surfaces
on the cylinder circumference, and cut outs being similarly
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accomplished by insulating surfaces, bearing against the spring
contacts at the desired points. This type of controller is one
of the most usual forms for motor vehicle purposes.

As is obvious, it is possible to so arrange the electrical connections on
the controller surffces, that by proper contacts with the terminal springs,
reversal of the motor may be accomplished. This is done in a number
of controller, the reverse being accomplished at a definite notch on the
quadrant of the shifting lever.

69240

Fi1Gs. 4,094 and 4,095.—Baker R and L selective dual controller, control handles, resistance
and motor brake. General care: keep the plates 9,522-B and 9,525-B on the face of
the controller and the shoes 7,513-A on the movable arm clean and free from burned and
rough edges. The contact plates 9,522-B and 9,525-B and the shoes 7,513-A are the
ones that become damaged first. They are removable and when badly worn may be
replaced with new ones. Instructions for adjustment of motor brake and con-
troller to controller handle. Set the controller arm fingers 9,513 in neutral position,

~as shown in cut, remove key from controller handle 66,267 and pull handle back to brake
position and then push it forward to the stop, which is its neutral position. Have the
driver's seat locked in forward running position and then the connecting rod 66,706 may
be adjusted to such a length that the handle 66,267 and the controller arm fingers 9,513 will
be in their respective neutral positions at the same time. After the above adjustments
have been correctly made, the forward driver's seat should be turned to the position it
will assume when car is to be operated from the rear seat and the length of the connection
rod 66,750 adjusted to such a length that both controller arm fingers 9,513 and the rear
centroller handle 66,261 will be in their respective neutral positions at the same time.
When these adjustments are correctly made the front driver’s seat will turn freely from
forward driving position to rear driving position at the time that both controller handles
66,267 and 66,261 are in their neutral positions. Adjust motor brake shoes for wear
by means of the winged nut 14,350. Clearance of shoe is obtained by the adjusting
screw 14,271, These adjustments should be such that the brake is perfectly free when
controller arm fingers 9,513 are in their neutral position, as shown in cut. hzn brake
is applied the top finger 9,513 will have traveled upward across,the contact plate, 9,525-B,
and just to the plate 9,520. The wires leading from the controlling resistance 18,870 are

marked to correspond to the connectors on the side of the controller into which they are
connected.
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P16, 4,006.—Diagram plan of the several parts of an electric vehicle driving circuit. The
field wmdm%s and armatures are shown projected, the p. wiring connections being
indicated. The g;eriphery of the controller is laid out within the broken line rectangle,
the contacts and connections through it for varyixelg the circuits through four spe
being shown. For first speed the controller is rotated so that the row of terminal points,
A,B,C,D,E,FG,are brought into electrical contact with the row of terminal points,
on the controller, A’, B, C’, D, E’, F’, G’; this connects the two unit battery in parallel
and the field windings of the two motors in series. A further movement of the controller,

the points, A, B, C, etc., into contact with A?, B3, C?, etc., gives second speed,
the batteries now being in Earallel and the fields in series parallel, For third iPcod, the
points B and C are brought into contact with B® and C3, and E and F with E3 and P,
which means that the batteries are connected in series, and the fields in series. Sumlarlg.
for fourth speed, the points B and C are brought into contact with B¢ and C4, and D, E,
F, G, with D4, E¢, P4, G4, which means that the batteries are in series and the fields in
E:lrallel. The connections between the battery, the armature brushes, and the motor
ds, are made as indicated through the rotary reversing switch by the terminals, K, L,
M, N. Th. switch may effect the reversal of the motors by giving a quarter turn to its
spindle, which means that the contacts of segment X, will be shifted from L and K to K
and N, and the contacts of segment Y, shifted from M and N to L and M, thus reversing
the direction of the current.
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Electric Vehicle Circuits.—The methods employed to vary
the speed and power output of an electric vehicle motor consist
briefly in such variation of the electric circuits as will modify
the pressure of the batteries on the one hand, and the operative
efficiency of the motors or. the other.
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G ﬁ4é1037.—Diagram of controller connections of a one unit, one motor circuit, with variable
‘ s.

The celis comprising the storage battery are so arranged as to form a
number of unit, being so wiredg that by the use of a form of switch
known as a controller, the connections may be varied from series to
parallel, or the reverse, as desired. The same arrangement for varying
the circuit connections is used for the field windings.

The wiring diagrams, ngs. 4,091 to 4,093, show one arrangement. The
dotted lines on each figure indicate the circuits that are cut out or open,
and the full lines those that are active or closed.
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Ques. How may the circuits be arranged with two
batteries and two motors?

Ans. For this combination, as shown in figs. 4,102 to 4,104,
it is possible to eliminate the resistance coil altogether and
depend entirely upon the circuit shifting for regulating the
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CHARGING
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'F1G. 4,098.—Diagram of controller connections of a four unit one motor circuit, with constant.
series connections for fields and armatures in forward and backward speeds

voltage and power. Accordingly, for the first speed the bat-
teries are connected in parallel, and the armatures and wind-
ings of the two motors in series. For the second speed, the
series connections are adopted for both batteries and motors,
while for the third speed the batteries are in series, with the
motors in parallel.
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Fics. 4,099 to 4,101 —Dmgrams showing methods of speed changing in a typical one battery

umt two motor circuit. The first speed shows the two motors in series, with a resistance
mterposed tho second, the motors in series, without the resistance; the third, the

motors in
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Fi1cs. 4,102 to 4,104.—Diagram showing methods of speed c ng in a two battery umt
two motor cu'ctut showing combinations for three speeds he first speed is o btained
with the battery units in parallel, and the motors in series, the second, with the battery
units in series and the motors in series; the third, with the battery units in series and the

motors in parallel,
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How to Operate an Electric Vehicle.—The following in-
structions, which are given by one maker, will be found to
apply for the most part to any car. e

1. Be seated.
2. Place steering lever in position to give ready control.
3. Insert key in controller handle and unlock.

4. Pull controller handle back to brake or off position and raise slide.
(This closes the circuit and electric is ready to move.)

5. Be sure fchat the foot brake is released.

’
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Fics, 4,105 to 4,107.—Diagrams showing combinations for three speeds in a typical four
battery unit, single motor circuit. The only changes made in these circuits are in the
battery connections. For the first speed the battery units are in parallel for the
second, in series parallel, for the third, in series. The motor connections are not varied.

6. Forward movement of the controller handle gives two starting
speeds and three running speeds. ' :

7. To stop electric, pull controller handle backward past off position.
Fiars]: the electric brake will come into action and then a mechanical motor
brake.

8. To reverse, bring electric to standstill. Press down the foot lever.
Move controller handle forward same as when running forward. Two
starting and one running speed will be obtained when backing.

9. To stop reversing, pull controller handle to extreme backward
position. Take foot off reverse lever, which will automatically return
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to forward position and electric is ready to be operated in a forward
direction. o |

10. Steering: Push steering arm from you to turn to the left and pull
steering arm toward you to turn to the right. :

11. When leaving the electric, be sure to always force down slide of
controller handle and take key out of lock.

12. Release foot brake before applying power.

13. To charge batteries: '-

a. Be sure that slide of controller handle is down and key out of lock.

. b. Insert cha plug in socket at rear of electric and if the connections
from the plug to lEe'chargmg source be correct the ammeter should show read-

ing below the zero on the scale.

F1Gs. 4;1_()8. and 4,109.—Charging an electric in front-of g;ity residence; fig. 4,108 shows mercury
rectifier located in basement under steps. With this arrangement the car may be charged
~ at the curb during idle hours of the day. : '

' ¢. Pollow the instructions for charging and care of bati;ery that are furnished
by the manufacturers of the battery.

NOTE.—There are two push buttons in the floor of the car that may be
operated by a slight pressure of the left foot. One increases the speed of the car
and the other lights the meter lamp.

NOTE.—Baker R and L motor and control. The motor is designed to receive the
combined voltage of all the cells in the battery, 1. e., the battery is at all times in series and
as the voltage 1s 2 volts per cell, the running voltage of the models equipped with 41 cells
would be 82 volts and on those models having 42 cells the voltage would be 8% volts. The
object of this is to eliminate the usual troubles caused by all unbalanced conditions of the
‘battery as when several sections are operated in parallel. The first speed includes a high
resistance and is intended for starting duty alone. The second speed has less resistance and
although intended to grade the.startmi is convenient for occasional use in congested districts,
but too slow for ordinary running. The next stop cuts out all the resistance and the motor
runs on the series fields alone, the two sections being in series. The next or fourth speed
parallels the two sections of series field. On the fifth speed the series fields are in parallel
with an external shunt resistance across them. This weakens the strength of the series fields
and reduces the resistance of the circuit. The sixth or highest speed of the car is obtained
by means of an_accelerator button located in the floor of the car. Its action is that of a switch
closing the circuit of a light shunt field on the motor. The direction of the flow of current in
this field is such that its strength opposes that of a series, thus weakening it and producing an
increase of speed on light running; but due to the differential action between the two, a very
great dropping off in speed occurs when climbing a grade or traveling a heavy road. In this
manner great driving power and low current consumption is cbtained on the grades on the

high speed.
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Electric Vehicle Troubles.—In order to properly cope with
the numerous disorders and mishaps likely to be encountered,
the following points relating to troubles may be found helpful.

1. If vehicle run too slow, look for the following:

a. Deflated tires. ) .

b. Slow tires, due to other makes having been substituted for those furnishied
by the manufacturer of the vehicle. :

¢. Broken bearings in wheels, countershaft or motor.

d. Shoes not making perfect contact on face of controller.

o

Fics. 4,110 and 4,111 Broc control lever lock. Fig. 4,110, locked, safety plunger pushed down;
fig. 4,111, ready to operate safety lunger raised. To unlock, insert and turn the key,
move control lever back to power off position, and pull up safety plunger.

e. Brushes not making perfect contact on commutator due to being too short,
or commutator being dirty. . °
J. Broken battery jar, solution having partly leaked out.
i. Brakes rubbing when they are supposed to be thrown off.
. Battery exhausted. _

2. If the current be higher than usual when running on the level, look
for the following:

a. Tight bearings.

b. Brakes rubbing.

¢. Silent chains too tight. ’
d. Front wheels out of alignment,

e. Tires deflated.
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3. If needle on ammeter vibrate more than usual, moving up and
down very rapidly, look for the following:

a. Blackened commutator.

b. Commutator brushes worn too short. : )

¢. Loose connections at battery terminals or at connections on controller.
d. Broken wire leading to meter.

4. If vehicle refuse to run, look for the following:

a. Broken jar in battery.
b. Broken connections between cells,

F1G. 4,112.—The Babcock electric roadster. This car is provided with a battery of forty two
cells, which it is claimed, gives one hundred miles at seventeen miles per hour on one
... The controller provides for five speeds forward and two reverse. The motor de-

velops fifteen horse power, which will run the car over thirty miles per hour.

¢. Broken terminals.
d. Open motor leads.
e. Broken connectinns on any part of vehicle.

5. In case vehicle do not run on any of the speeds, first examine those
connections that are easiest to get at, viz: :

a. Those at the end of the batteries.

b. The connecting straps, connecting one cell to another.

¢. The wires going into the circuit closing switch.

d. The springs on the controller arm and the copger shoes. Be sure that they
make contact with plates on the controller face. )

e. See that there are no wires hanging loose, that appear to belong in the
controller.

Y. If the trouble be not found in some one of these points, it would be best
to have an expert examine the machine.
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6. If the usual graduation of speed be not obtained when ]
91; the level, read carefully the instructions of maker relating to cont; q-
7. If ammeter -on the vehicle do not register properly, look 1} -
the following: : ]

shunt block, under floor of carriage.

b. The ammeter pointer sticking or working irregularly, due to dirt ingi

a. Broken or partg- brokén connections in the wire leading from meter j
e
of ammeter, in which case it must go to the factory.

8. If the voltmeter do not register at all, look for broken connectionf
in wires leading to connection points under floor. ‘

e
9. If voltmeter read too high, there is something wrong inside; i'
should immediately be sent to the factory.

10. If the lights do not burn and the bell refuse to ring, look for {
burnt fuse wire. .

11. If one light refuse to burn while the others are working correctl~
try a new lamp, or examine connecting theater plug that connects b.
wiring to chassis wiring.

12. If both side lights refuse to burn, ‘al’l‘other lamps being in worki
order, the trouble is in the connector. :

13. If bell refuse to ring, all lamps being in working order, exami
the theater plug connecting body and chassis wiring and make sure tha
the wires leading to the switch contacts at bottom of controiler handl
have not been taken out or broken cff.
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NOTE.—The bell can be tested by disconnecting from it the wires that
there, connecting two temporary wires to these same binding posts and touchi
these to the battery terminals. If the bell do not ring then it should be taken o !

and replaced with a new one or readjusted. i

NOTE.—No meter on an electric vehicle is infallible as the service is v
hard and the adjustments liable to get loose; and, as the general instructions as t
care of battery, especially in charging, are to charge until voltage reads a certai
amount, it is of the highest importance that the meter should read correctly
As soon as any irregularities are noticed in its readings, have it examined imm
diately by an expert, or send it to the factory. When it is necessary to return it
to the factory, be sure to send the shunt block with it, as this is part of the meter.,
Even if no irregularities be noticed it would be well to have the meter examined
at the factory and recalibrated once every year. |
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