





Introduction
N THE accompanying pages we have
endeavored to present those things which
are necessary to give you excellent sat-
isfaction of your worm-driven Rauch &
[Lang Electric.

To know why your Electric refuses to
go—or goes too slowly, or not sufficiently
far—gives a degree of confidence which 1s
not possible to secure in any other manner.

The data presented has been so arranged
that it can be easily understood by the
layman. The knowledge of volts—amperes
—“and other electrical quantities is excellent.
but is not nearly as essential as what to do
when trouble with your car arises.

THE
Ravcu & LLANG
Carriace Co.



HE threc essential features which con-

vert a vehicle into an electric automo-

bile 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 location
to another, it is necessary to apply power to
overcome the various opposing forces that
always exist. In putting any body, say a car-
riage, into motion, we are at once opposed by
the effect of its weight, called inertia, which
requires an application of force directly pro-
portional to the rate at which the vehicle is
accelerated. Besides this, there is a group of
forces which are active not only on starting
and increasing the speed, but when a uniform
mption has been attained. These are windage,
frlctiou of tires on earth, internal friction of
tires, losses in the various moving parts of the
m.c?hanical structure, electrical losses in battery,
wiring and motor, and sometimes it is required
to ascend a grade, so that gravity comes into
play. All these forces which are met when the
vehicle is under motion absorb more or less
powel:. and, as in an electric machine the
f]ll?l'ltl(y of energy that can be stored is limited,
it is of t.hc greatest importance that the design-
mg et.xgmecr should bear in mind the vital
necessity of cutting down these opposing forces
as much as he possibly can. '
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Battery

BATTERY is composed of a grcun of
A cells, each of which i1s a complete unit

in itself, consisting of two sets of lead
plates chemically modified, electrically separ-
ated from one another and suspended in a
solution of sulphuric acid in water called the
electrolyte. When the cell is being charged,
the electric current passes from the plates con-

nected to the positive terminal marked -|- or P,
through the solution to the negative terminal
marked — or N, or sometimes not marked at

all, and produces chemical substances on the
surface of the plates which are of a somewhat
unstable character, so that when the source of
clectricity is disconnected, a current will begin
to flow from the negative side through the liquid
to the positive side as soon as an external path
is provided for it from the positive back to the
negative terminal.  This, in short, is the theory
oi the lead storage batteries.

The power capacity of an electric machine
can be determined quite closely by the weight
of Dbattery it carries; the amount of energy
actually available, however, depends as well on
how the battery is treated, how it is charged
and how discharged. [f the rate of charge or
discharge is high, the total energy capacity is
reduced, hence, if the rate of energy expen-
diture can be decreased we derive a double
benefit.

The action of electric current has often been
compared to a flow of water in a pipe, and for
our present purposes the analogy is as near
perfect as can bhe desired.
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Volts

Electric pressure is measured in volts and
corresponds very closely to the pressure of
water measured in pounds per square inch.
Each cell of storage battery develops close to
two volts and when for instance, forty such
cells are connected in series, the negative of
one to the positive of the next, we have the
analogue of forty force pumps connected, the
intake of the one to the delivery pipe of the
next, where if each pump could produce a
pressure to say two pounds, the forty pumps
would create a total of cighty pounds pressure.
Similarly, the forty cells of battery gives us a
total of eighty volts. In both cases the volume
of water and the current of electricity is that
produced by one unit, pump or cell.

Amperes

The rate of flow is measured in amperes and
is the analogue of gallons per minute.

Returning to the illustrations of the pumps:—
If the forty were all connected with their
delivery pipes into one main and their intakes
into another, so that they would work in
parallel, the total pressure developed would be
that of one pump, while the total volume would
be forty times that of any one. If all the
cells were connected in parallel, that is, with
all the positive terminals to one wire and all
the negative terminals to the other, the result-
ing voltage would be but two, but the amperes
that could be delivered would be forty times
the capacity of one cell. In the case first con-
sidered, we can raise a limited amount of water
a great height, while in the latter case, forty
times as much water can be raised only one-
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fortieth as far, the total work done in any time
being the same in both instances.

It is obvious that a number of series of
parallel combinations can be effected by divid-
ing the forty cells in groups consisting of even
divisors of forty such as, for an example, four
sets of ten cach, the cells of each group being
in series, giving twenty volts and the four sets
of ten being in parallel, giving the current out-
put of four cells.

Electrical Resistance

Resistance is that which impedes or opposes
the flow of electricity, and just as no pipe is
capable of carrying water without friction, so
no wire will conduct current without 1loss; in
both cases this loss is dissipated as heat, and
in both cases we can improve matters by pro-
viding a shorter pipe or shorter wire of larger
cross-section. Elbows and turns exert a great
retarding influence in water, but a bent or
twisted wire is as good a conductor as a
straight one. The greatest source of loss in
wires that have been properly chosen is in the
joints and connections and sliding contacts. A
little dirt under a contact may cause heating
and arcing which will roughen the metal so
that matters will get rapidly worse.

Watts or Horse Power

The amount of work done by a pump per
second is the measure of the power consumed
and is the product of the pounds pressure
encountered by the amount of water in pounds
moved per second, and can be expressed as
foot pounds per second; similarly the power
consumption electrically is measured in watts
and is the product of volts and amperes and
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is equal to 737 foot-pound per second, a kilo-
watt of 1,000 watts, or about 1’3 horsepower.

Motor

The motor is the mechanism which converts
the energy of the electric current into active
motion. The action of this, as well as all
ordinary electric motors, depends on the attrac-
tion and repulsion existing between magnets
and wires carrying electric current.

The stationary portion of this motor called
the frame consists of a hand-forged steel ring
enclosing four sets of coils which surround
four inward pointing projections of laminated
iron called poles, Current flowing through these
coils converts the frame and poles into a very
powerful electro-magnet. Between these poles
and almost touching them is the armature which
consists of a large number of copper wires
embedded in a mass of laminated iron and
insulated therefrom. As the armature is expected
to rotate, a sliding contact mechanism called
the commutator is provided to receive the
current from its external source.

.\Vhen current is carried through the armature
wires, the reaction with the field produces
motion of the armature, and the torque or
pulling power is proportional both to the

strength of the poles and the amount of
armature current.

On the commutator are placed the brushes
which serve to carry the current to and from
the.armamre. They are made of carbon com-
position imbedded with fine copper wires.

\'\".e have mentioned the fact that when a
carriage is started or if its speed is increased,
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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 weight of a vehicle means
doubling power required for starting, and
doubling the velocity means four times the
power. A carriage constructed so as to accel-
erate very quickly, not only gives the passenger
an unpleasant jerk, but puts a heavy overdraft
on the battery.

In the days of the horse-drawn vehicle, the
matter of friction in the moving parts was not
considered of great importance, although we
find many of them equipped with anti-friction
bearings. There are a number of reasons why
the automobile should have brought improved
bearings prominently before the designer. The
increased weight and speed required larger and
better designed bearings; besides, on account
of the presence of a transmission system more
bearings were required, some of which run at
high speed and are not readily accessible. Tt
was also understood from the beginning that
every bit of power lost required that much
more power to be carried by the vehicle in
order to attain the desired mileage or speed.
All this has led to the general adoption of
ball and roller bearings.

Windage

The resistance of the air 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
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the wind and so shaping the exposed parts
that the machine will cut its way through with
the smallest amount of retardation.

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 shape by creeping, but there
must be a change in the relative position of
the internal particles. If the tire is 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
structure its strength. In most tires of stand-
ard make this material is inserted 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 cloth, and it
is readily seen that there is but little of the
power of flattening or adapting itself to the
road that would be possible by the same tire
were rubber used alone.

Thread and cord fabric tires have been devel-
oped 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
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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.

There are losses in the electric motor, con-
troller and wiring which in importance rank
next to tire losses; besides the design of the
motor should be such that outside of the ques-
tion of its own efficiency its propelling power
should be so regulated that the maximum dis-
tance may be covered on a single charge.

In the design of these machines it has been
the object of the builders to attain the greatest
possible mileage consistent with durability; and
the matter of lightness combined with strength
and efficiency in every part has been kept in
prominence, hence we find that manganese
bronze, aluminum, seamless tubing and drop-
forged steel are the materials that go largely
into its construction.

General Specification

HIE frame is composed of pressed steel
side members joined by cross pieces of
the same material. The outriders and

spring stubs are forged steel, the springs being
made of the best steel, ground all over.

Motor and Control

The motor is designed to receive the com-
bined voltage of all the cells in the battery,
i. e., the battery is at all times in series and
as the voltage is 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 84 volts. This is
of great advantage, as it eliminates the usual
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troubles caused by all unbalanced condition of
the battery as when several sections are oper-
ated 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 starting is
very convenient for occasional use in con-
gested 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 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 weaken-
ing 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 is affected when climbing a grade or
traveling a heavy road. In this manner we get
great driving power and low current consumjp-
tion on the grades on the high speed. This
latter result is one of great value, for, if a car
runs 20 miles per hour on the level and 15
miles on a certain grade, its current on the
level may be the normal rate of the battery,
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and the current consumption on the grade may
be three or four times the normal rate; while
another car may have a 20-mile rate on the
level but only 10 miles on the grade, and its
current consumption on the grade may be
more than twice the normal rate. As already
stated, the total capacity of the battery at
double the normal rate of discharge, is con-
siderably reduced.

Controller

The controller is of the type heretofore used
on these same vehicles. Our contact finger,
tipped with a heavy copper shoe, has done
away with the heating and loss so often experi-
enced in the fingers of a controller of the
drum type; besides the steps are so arranged
that from the first step to the last, there is no
break in the circuit, hence no arc on the
contacts and a steady torque or pull of the
motor, which means an absence of jerks from
one step to the next and an entire impossibility
of stoppage between steps or notches on the
controller.

To Operate

The carriage is started by throwing forward
the controller lever, which is located on the
left-hand side of the seat. To coast, the handle
is pulled back to the “off” position; a further
backward motion will apply first the electrie
brake and finally the mechanical motor brake.

Electric Brake

The electric braking is accomplished by short
circuiting the armature across resistance and
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applying the battery current to the shunt field.
[n this manner, the vehicle is retarded, but not
stopped, and when the lever is pressed as fqr
back as possible, the mechanical I)ra-kc is
applied to the wheel on the motor shaft and
motion is arrested. The electric brake acts
most powerfully when at high speed, and i-t
is here that the mechanical brake would experi-
ence the most strain, so that by bringing the
vehicle to a slow speed before applying the
latter, wear and re-adjustment are avoided.

Reversing

To back the carriage, the handle must first
be brought to the brake position on account
of interlocking action, the foot piece may then
be depressed, and on again throwing the handle
forward, three reverse speeds are obtained. On
reversing, the foot piece returns automatically to
the forward running position.

Transmission

Power is transmitted from the motor directly
to the rear axle by means of a propeller shaft
fitted with a slip joint and two universals.

This construction assures perfect freedom of
motion of the rear axle relative to the motor
and adds materially to the life of all the parts
by not subjecting those parts above the springs
to the shocks which the rear axle must with-
stand.

In the axle and above the worm wheel is the
worm, which is of the straight type and is
carriecd on radial and thrust ball bearings
mounted in a unit construction with the worm
wheel and differential which are fitted with the
same bearing equipment. The whole unit is
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designed to obviate adjustments subsequent to
its being initially adjusted at the factory.

The torsion rod is swiveled on the axle hous-
ing and at its forward end it swings from the
motor on a ball and socket hanger and it is so
hung as to counteract only the tendency of the
axle to turn on its own axis.

The six spline type of shaft end is used in
the propeller and drive shafts, the latter being
arranged so that they together with their hub
flanges can be withdrawn without disturbing
either wheels or the differential.

Brakes

A pair of powerful internal expansion brakes
operate in drums on the rear wheel hubs, each
brake consisting of a pair of shoes lined with
asbestos and brass wire composition and con-
nected through a suitable train of levers to
a foot piece. The shoes are expanded by a
cam which can adjust itself so as to equalize
the pressure and can be adjusted from without
by forcing down a screw which spreads them
apart,

Steering

No pains have been spared to make the
steering gear as simple as possible, and at the
same time making the joints perfectly secure.

A ball thrust bearing is provided at each of
the steering spindles to make the handling of
the car as easy as possible.

The ball and socket joints are large and
their adjustments are carefully locked.

A proper proportioning of the length of the
various levers has resulted in a system that
works freely, and at all times brings the car-
riage under ready control.
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To Operate Electric

(D
(2)

(3)

4

(5)
(6)

(8)

(9)

(10)

(11)

(12)

Be seated.

Place steering lever in position to give
ready control.

Insert key in controller handle and un-
lock.

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

Be sure that the foot brake is released.

Forward movement of the controller han-
dle gives two starting speeds and three
running speeds.

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

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

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

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

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

Release foot brake before applying power.

40

(13) To charge batteries:—
(1) Be sure that slide of controller

handle is down and key out of
lock.

(2) Insert charging plug in socket
‘ at rear of electric and if the
connections from the plug to the
charging source are correct the
Ampere meter should show read-
ing below the zero on the scale.

(3) Follow the instructions for charg-
ing and care of battery that are
furnished by the manufacturers
of the battery regardless of what
we or any one else may say.

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.

To Locate Trouble

If vehicle runs too slow, look for the following:—
Deflated tires.

Slow tires, due to other makes having been substituted
for those furnished by the manufacturer of the wvehicle.
Broken bearings in wheels, countershait or motor.
Shoes not making perfect contact on face of controller

Jrushes not making perfect contact on commutator due
to being too short, or commutator being dirty.
iroken battery jar, solution having partly leaked out.
Brakes rubbing when they are supposed to be thrown off.
Jattery exhausted.
If the current “AMPERES" is higher than usual when

ﬁ running on the level, look for the following:—

Tight bearings.

PBrakes rubbing.

Silent chains too tight.

Front wheels out of alignment.
Tires deflated,



If needle on AMMETER vibrates more than usual, mov-
ing up and down very rapidly, look for the following:—

Blackened commutator.

Commutator brushes worn too short.

L.oose connections at battery terminals or at connections
on controller.

Or broken wire leading to meter.

If vehicle refuses to run at all, look for the following:—

Broken jar in battery.

Broken connections between cells.

Broken terminals,

Open motor leads.

Broken connections on any part of wvehicle,

In case vehicle does not run on any of the speeds, we
strongly urge upon the user of the vehicle a policy
of examining those connections that are easiest to get
at. The connections that we refer to are:—

Those at the end of the batteries.

The connecting straps, connecting one cell to another.

The wires going into the circuit closing switch.

The springs No. 9513 on the controller arm and the
copper shoes No. 7513-A.

Be sure that they make contact with plates on the
controller face.

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

If the trouble is not found in some one of these points,
it would be best to have an expert examine the machine.
If the usual graduation of speeds are not obtained when

running on the level, read carefully the instructions
accompanying illustrations of controller—It AM-
METER on the vehicle does not register properly,
look for the following:—

Broken or partly broken connections in the wire leading
from meter to shunt block, under floor of carriage.

The ammeter pointer sticking or working irregularly,
due to dirt inside of ammeter, in which case it must
go to the factory.

If the voltmeter does not register at all, look for broken
connections in wires leading to connection points under
floor.

If voltmeter reads too high, there is something  wrong
inside of it and it should immediately be sent to the
factory.

No meter on an electric vehicle is infallible as the
service is very hard and the adjustments liable to get
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loose; and, as the general instructions as to care of
battery, especially in charging, are to charge until voltage
reads a certain 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 immediately 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 js part of the

meter.

Even if no jrregularities are noticed, it would be well
to have the meter examined at the factory and recali-
brated at least once every year.

If none of the lights burn and the bell refuses to ring.
look for a burnt fuse wire.

If one light refuses to burn while the others are work-
ing correctly, try a new lamp, or examine connecting
theater plug that connects body wiring to chassis wiring.

1f both side lights refuse to burn, all other lamps being
in working order, the trouble is sure to be in the con-
nector.

If bell refuses to ring, all lamps being in working
order, examine the theater plug connecting body and
chassis wiring and make sure that the wires leading to
the switch contacts at bottom of controller handle have
not been taken out or broken off. The bell can be tested
by disconnecting from it the wires that are there, con-
necting two temporary wires to these same binding posts
and touching these to the battery terminals. If the bell
does not ring then it should be taken off and replaced
with a new one or readjusted.

Mileage and Battery

If you do not obtain proper mileage when
all mechanical parts are working freely, it is
undoubtedly due to the battery being under-
charged and not being brought up to full volt-
age 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 and cover the
plates with pure water to within one-half inch
of the inside top cover. Charge the battery in
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usual way until it recaches a maximum voltage
as given on your charging card, then charge
4 hours longer at the lowest rate shown on the
charging card. Try the battery; if this does
not improve the mileage sufficiently, repeat the
operation as before. [If, after repeating this
operation three times, you do not get the mile-
age you should, and after examining the vehicle
thoroughly you do not find the trouble else-
where, consult the maker of the battery at once.

A storage Dbattery 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. This
is one of the most common causes of trouble.
The user of the wvehicle should keep careful
track of the charging and, if possible, watch
it personally.

In all cases follow strictly the instructions
that are furnished by the battery maker.

Battery

Keep the battery and connections clean.

Go over the same and see that they arc
bolted up tight.

[f there are any low cells in the battery,
attend to them at once.

Keep the electrolyte, or battery solution at
the proper height above the tops of the plates.

Keep the density of the electrolyte, or bat-
tery solution, at the proper point.

Do not charge at a rate that will make the
cells exceed 100 degrees F. in temperature.

Do not let your battery stand completely
discharged.

Do not let your battery stand in a partly
discharged condition for any length of time.

Do not go away on a visit and allow your
batteries to stand inactive,

BE|
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A Dbattery must be worked constantly to get
satisfactory services and when going away for
two weeks or more, it is best to make arrange-
ments to have the battery looked after by some
one familiar with it.

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

Be careful not to overcharge at a high rate.

If the battery becomes dead, or loses mile:
age, consult the makers.

Charge battery in a warm room in winter.

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

Tue Raven & Laxe Carriace Co.
CLEVELAND, OHIO

- All above information applies to lead batteries.
Whenever car is equipped with Edison Batteries
cither consult the Edison Battery Co., of
Orange, New Jersey, or the Rauch & Lang
Carriage Co.
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