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THESIS



Qutline of Proposed Thesis.

{

Title; The Use of Electricity in Gaesoline Automobiles.

ObJect; To meke a comprehensive study of the application of
electricity to the modern gasoline vehicle.

Introduction; A brief review of the early history of the

automobile together with & short outline of the first
applications of electricity in that fielad.
Body: 1In so far as is possible the subject will be sub-
divided into (1) Ignitiomn, (2) Lighting, (3) Starting,
(4) Other applications. A study of the construction,
the principles, and the operation of typical examples will

te made.
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Introduction.

Ever since man has inhabited this globe he has
been striving to devise means for the easy transportation
from place to place of himself snd his goods. Wheels have
been the rolling device used for & period of more than four
thousand years, oxen and horses being the original propell-
ing power used by man as soon &8s he became sufficiently
intelligent to find some force other than he himself could
exert.

The spirit of invention and improvement aiong
thinking men appears to have first sprung up in the four-
teenth century &s is shown by the prophetic words of
Roger Bacon, & philosopher of that date:

"We will be atle to construct machines which will
propel ships with grester speed than & whole garrison of
rowers, &and which will need only one pilot to guide them,
we will he able to propel carriages with incredible speed
without the assistance of any animal and we will be able to
make machines which, by means of wings, will enable us to
fly in the air like birds.”

The first authentic record of the application of a
mechanical device for the propulsion of vehicles is in the
sixteenth century when John Haustch trought out at Nuremburg,
Hodland, & spring propelled vehicle. Steam piopelled
vehicles appeared in & practical form in England in 1770 but
attempts were mede as early as the thirteenth century. Steam

seems to have been the general favorite in this field until



the latter portion of the nineteenth century when the
application of the internal comtustibn: engine to this field
first became anything more than an experiment. '

The gasoline motor was first used for vehicle pro-
pulsion with success about 1888 but was proposed at an
earlier date by Henlier in France when in 1860 he took‘out
patants for an explosive motor vehicle. Beng, in Gérmany,
was one of the first .to produce & successful motor wagon .
which was publicly exhibited in Munich, Germany, in 1891.

A host of experimenters in France, smong whom may
be named Serpollet, Pengot, Panhard, Eevassor, Kreiger,
De Dion, and Bouton &8s pioneers in this field, have con-
tributed largely in perfecting the mechanism of the auto=-
mobile and thereby giving it a distinctive reputation upon
which American inventors have widened its mechanical and
economical adaptation for vehicle construction and motive
power. The Duryeas took up the experimental line in auto-
mobile motors in the United States, in 1886 and after five
years of personal effort, they produced their first motor
vehicle in 1891. Others, in this country, soon fell into
the same line of experimental comnstruction, so, that the
beginning of the twentieth century found the motor car
industry a thriving infant which has since grown to enormous
proportions. i

The earliest experimenters soon found that the use

of hot tuhe ignition in internal combustion motors was

hardly all thet could be desired and the substitution of an



electric spark as a means of igniting the explosive mixture
formed the first recorded use of electricity in & gesoline

vehicle.



IGNITION

There are two systems by which ignition of the
explosive charge of a gas engine is accomplished electrically;
viz., the make and break system snd the Jjump spark system.
For the large stationary gas engines and engines used for
purposes which do not require close regulation and a delicate
balance of reciprocating parts, the meke and break ignition
system is used by the manufacturers. It is the choice of
the mamufacturers because of its simplicity, end it is
simple because it requires no spark coils, vibrators, con-
densers, etc., in the electrical circuit to get out of
order. The circuit is unbroken except for the point where
it is closed and opened 8t the required time.

However, such a system does not give close
regulation and has a numter of reciprocating parts. Close
regulation is ¢esirable in an automobile engine and the
reciprocating parts would soon wear, giving the engine
poorer regulation with more noise. One very undesirable
feature, 0f the meke and break system, i8 the corrosion of
the contact points for meking the spark and which are located
inside the cylinder. Because of the great heat generated by
the burning charge and thet generated by the spark itself, the
contact points become pitted and corroded so much that good
contact is not always made each time desired which results
in no spark at all, end not only lessens the total power
delivered to the crank shaft, but also wastes the fuel. The

obJectionable features, inherent in such a system, are
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eliminated, to a great degree, in the Jjugp spark system
which hes stood the test and btecome standard for ignition
in the automobile work of the present.

The jump spark system is & system by which the
primary current from some source of electric current of low
voltage is converted by an induction coil into & secondary
current of sufficiently high tension to cause & spark to
Jump an air gap. Heavier insulation is required in this
system, especially in the secondary circuit, because of its
high tension, than is required in the meke and break system.

Tﬁe essential elements of a simple jump spark
ignition system consists of: some source of Electromotive
Force, ( a primary battery, a storage battery, or & generator);
8 switch for opening the primery circuit when not in use; a
timer which will close the primary circuit at the proper
instant that it is desired tie explosion in the engine
cylinder occur; & spark coil, consisting of two coils of
wire inter-wound on an iron core, one coil of &8 few turns
of wire and the other coil of meny turns; a spark plug which
is a device for conducting the high tension secondary
current to the interior of the engine cylinder, &and allowing
the spark to jump across a smgll gap in the circuit at a
certain point predetermined to be the most advantageous by
the engine builders; and an interrupter, or vibrator, for
meking and breaking the primary circuit more rapidly than
the timer does, which produces & shower of sparks at the

spark plug instead of a single spark. The last essentisel,



%he interrupter, is not needed where alternating primery
current is used, as, for inctence, the current from &
magneto. Many msnufecturers, too, claim that a shower of
sparks is not needed to ignite the ges in an engine cylinder,
that one hot sperk is all thet is needed ¢nd is desiratle
in that it saves current where betteries &re used as a
gsource of current. Hence, even on some systems using direct
currert, the vibrator is omitted, one spark occuring at the
instant the primary circuit is closed bty the timer.
Considering only direct current in the primary,
the course of the current is from the positive pole of the
battery or generator to the interrupter, from the interrupter
to the primery winding of the sperk coil, from the primasry
winding of the spark coil to the timer, from the timer to
the engine frame &and back to the negetive pole of the battery,
or generator. The interrupter, working on the same principle
88 the electric tuzzer, ceauses the current to flow thru the
primary winding of the spark coil intermittently, every time
the timer closes the circuit. When the timer first closes
the primary circuit, the primary current as it increases
from zero to & maximum velue, in pessing thru the primary
winding of the sperk coil, does not induce & sufficiently
high tension current in the secondary windding to produce a
spark at the spark plug. This is because of the self
induction in the coil which reduces the rate of increase of
the primary current to such an extent that the secondary
tension is not high enough to cause the spark to Jjump the
spark gap.
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When the circuit ie opened by the vibrator,
however, & spark occurs at the spark plug &s the current
decreases from & meximum to & zero value. The self
induction is still present tut its effect is killed by the
action of the condenser. Thus, 8 spark occurs every time
the interrupter opens the circuit end because the vibrator
operetes with such & high frequency, the sparks sppear at
the spark plug as & shower. The elemental circuit diagram
is shown in Fig. la. The condensers are connected across
the points, where the primary circuit is closed and opened.
This serves the double purpose of increasing the abruptness
of the bresking of the circuit, thereby increasing the ‘
intensity of the secordary spark, aidd of absorbing the
current that would otherwise produce & hot spark &t the
vitrator points and soon burn them out. This spark, that
would be produced without the condenser &cross the vibrator
points, is caused by the self,inducétance in the primery
winding a8 the current dies out. The current value cheanges
at such a rapid rate when the circuit is broken by the
interrupter that the self inductance produces &n Electromotive
Force which is of sufficient value to send the current across
the primary gep et the points, and meking the sparﬁ.

Jump spark ignition for sutomobiles can te
accomplished by three methods; one in which each cylinder
of the engine is fired by means of a seperate spark coil,
vibrator, end timer, as described above; inthe second method,

instead of providing each coil with a vibrator of its own,
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a single vibrator, called the master vibrator is provided;
and the third method has the mester vibrator, a master coil
repdacing the individual coils for each cylinder, and what
is known as & distritutor.

The first method is as described, &nd connections &s
ghown in fig. 1 a. This method is now obsolete and not
used in any machines excepting those which may bte still in
existence and which were of the first manufactured. Mention
is made of it here, however, because it is historicel &nd
is one of tke steps in the development of electrical
automobile engine ignition.

The second method in which & master vibrator is
provided for use with four coils, is shown in fig. 1b. All
four condensers Cl, C2, C3, C4, have one of their terminals
connected to the master vitrutor &t pc, and each one héas its
reméining terminal connected to that end of its own coil
which is wired to one of the contacts of the timer T. Thus,
both the master vibrator contact and one timer contact have
& condenser connected eround them. The path of the discharge
current from condenser Cl may be traced from the lower side
of the condenser terminel pe; to winding of master vibrator
coil, mv; to battery connection, pv; to battery A; to frame
of car and engine;‘to common connecting wire to terminal, ps,
of the left hand coil; to primery winding included between
ps &and pl; back to the condenser. The discharge circuit of
ény other condenser can be traced in &€ similer manner.

The master coil hes & single winding, and is there-



fore smaller than the double wound induction coil and is
comparatively inexpensive. It resembles & kick coil to
which a vibrator, V, is added. The timer in this case hes
its rotor, r, insuleted from the other perts of the
apparatus. The current from the battery pesees thru the
master vibrator and switch, h; to the rubting contact piece
of metal, q; which is fastened to &n insuleted part of the
timer; to metallic portion, r, of the rotor; to K1, K2,

Ks, or K4; to each primary coil; to engine frame; and back
to the battery. Current from the secondary winding of each
coil passes from, S, to the insulated electrode of the
corresponding spark plug; across the &air gap to the
uninsulated electrode,and thence thru the engine to the
primery- secoﬁdéry terminal, ps.

In the third method, there is & master vibrator, &
master coil, and & distributor. Distributore, or secondary
commutators, are devices used for delivering the high tension
current genereted in a single induction coil, the master
coil, to the spark plugs. Except for the rotor of the
timer, T, a8 shown in Fig. lc, the primery circuit is
identicel with that for & single spark plug. The rotor of
the timer has &e many contacts as there are spark plugs, &nd
the primary circuit is closed at the single, irsuleted,
contact piece, k. The Ligh tension terminel of the sperk coil,
8, is connected to the rotary arm, d, of the distritutor.
This arﬁ revolves about W, &nd is insulated from &1l other

parts of the apperatus. The spark plugs &re connected to



stetionary insuleted terminels 1, 2, 3, 4 of the dis-
tributor. As the distributor arm turns, its end passes
over these terminals, either making contact with them or
coming very close to them. The rotor, r, of the timer and
the arm, 4, of the distributor rotate at the same speed,
so that when the timer closes the primary circuit, the end
of the distributor arm is over one of the terminals 1, 2,
3, or 4. The high tension current pesses between the
distributor arm end tke terminel that it is over, &snd is
thus directed to the corresponding spark plug. The free
end of the distributor arm is broadened circumferentially
in order that some part of it will always te over cne of
the corresponding terminals whken the timer closes the
primary circuit, altho the contact piece, k, of the timer
is rocked thru a consideratle arc to vary the time of
ignition. Some menufacturers hesve the distributor contact
roints move thru an &arc equal to that thru which the contect
piece moves. This allows them to have & narrower distributor
arm snd still have the distributor arm over the proper
contect point when the prirary circuit is closed by the
timer.

Spark coils of toth the non-vibretor type
and the vibrator type are used in conjunction with & dis-
tributor. Ih prectice the timer and distributor are
mounted on the same shaft &s a generel rule.

Owing to the fect that the ignition circuit of

8 four cylinder engine is closed twice ir eech revolution,
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end with engines of & greater number of cylinders the rate ,
increase§ there is & great consumption of battery power;
and, in order to escape the annoyances of frequent recharg-
ing of storage bstteries or the replacement of primary cells,
verious forms of mechanicelly operated current generators
ere often employed.

Most of the generators used directly for ignition
in automobile work are synchronously driven end generate
én alternsting current; permanent megnets being used to
produce the field. Such machines are called megneto-elec-
tric generators, or simply magnetos. With rare exceptions,
there are embodied in their construction, & device for
breaking the primary current, and a distributor for dis-
tributing the secondary current; consequently, if the
magneto delivers & low tension elternating current, it needs
only one spark coil for & multi-cylinder engine. The only
exception that is prominent is found in the msgneto of the
Ford cer, which, whitad synchronously driven, discharges &
high frequency alternating current thru a timer driven by
the engine to individual spark coils of the vibrator type.

Magnetos sre divided into two genersl clssses,
low tension &nd high tension. In Jjump sperk ignition work
& low tension magneto delivers allow tension current to a
separate induction coil; & high tension magneto either has
the induction coil carried inside the magneto, or it has a
secondary winding directly over the primary winding of the

armature, and thus delivers & high tension current without






eny outside apparastus. In other words, the high tencion
ﬁngneto is self contained.

Many magnetos are srrenged for dusl ignition,
using for the battery ignition system the same spark plugs
that e2re used for the megneto ignition system. 1In that case
the contact breaker of the megneto when the battery ignition
system is used, serves to btreak the primery current of the
tattery, and the distributor of the magneto distributes the
high tension current coming from the spark coil of the battery
system. Sometimes a separate contact treaker is provided
for the battery current. Fig. 2 shows a diagram of & Remy
Duel Ignition System, and is typical of the duel ignition
system in general.

Sometimes & system known as the Double Ignition
System is used. As & rule in such systems, the megneto
ignition system and the battery ignition system are entirely
independent of each other; each system having its own sperk
plugs, coils, timer, &nd distributor.

Another system which is geining in populerity
with a few certain menufacturers is the lultipoint legneto
Ignition System. In this system, there &are two spark plugs
for each cylinder, sparked simultaneously by the magneto.
One way by whiéh this is asccomplished is to fit the magneto
with two distributors, each serving its own set of speark
plugs. Two separate magnetos have &lso been used &nd are
being used for this purpose, &nd &n additionsl independent
battery ignition system is used, to form with one of the
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magnetos a duel system, the engine will have three ignition
systems, or a Triple Ignition System, &8s it 1s called.

The adventage of 8 multipoint ignition is thet
with the two points of ignition properly located, the time
required for the complete inflsmmaetion of the explosive
mixture will te reduced and consequently greeter power will
te delivered to the engine crank shaft. This system is
used to & great extent at the present time on cars for the
race courses, tecause there the time for the mixture to
completely burn is short and anything which will accomplish

fagt combustion is & very desirable festure.



LIGHTING |

Thet electricity mey well be considered the
successor of gas and oil in the lighting of automobiles is
acknowledged. So generslly is it teing used thet every
well appointed car is thus equipped. Not only does it lend
refinement and taeste to the cer on which it is used, but it
possesses adventeges that are essential to luxury end com-
fort. The simple pushing of a dbutton produces & superior
illumination at eny erd £11 times, regsrdless of the rete
at which the casr is moving. The ennoyance of climbing out
in the mmd &and rsin to light lamps is eliminated. A port-
able saefety trouble lamp removes the deénger incident to the
use of metches sround inflemmable liquids £nd vepors. 01l
and smoky lamps, feetures in evidence with non-electric
'syatems, are entirely lacking. Efficient &d justeble
reflectors allow the concentration or spretding of the
light. By the use of dimmers, &any desired degree of
illuminetion cean te secured. Any &dJjustment of the lump can
be absolutely maintained and is not &ffected by vibration
due to the roughest roed, nor is it possible that the lamp
be extinguished by the wind.

The economy of electric lighting is vestly
superior to a1l other methods. On account of the great hesat
eénd the necessity for the ventilstion of the g&s fleme, it
cannot be pleced near the reflector, end for thie reeson,
only & small portion of the 1light is reflected. 1In Fig.3,
4 represents & gas lemp in which only the light between
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points "e" and "f£", or about 25% of the total, is recflected.

The electric lamp requires no ventilator &nd gives
off very little heet, and can, therefore, be placed in a
deep reflector, 8o thet nearly &ll the light is reflected,
as shown in B, Fig. 3.

To obtain reliable dstas on the characteristics of
both ges and electric hesd-lights, & numter of photometric
tests were run on eech, by members of the National Electric
Lamp £ssociation.

Ges headlights on test were of the latest design
kaving in eddition to the regular reflector,an esnnular
reflecting surface between the flame and the front of the
lamp. The burners were of the common veriety rated at 5/8
cubic feet per hour. These burners actually consumed 1.07
cubic feat and gave an average maximum horizontel caddlepower
of 29.8.

The electric head lights were of the usuel
perabolic type, the actual diemeter of the reflectors being
8 1/4 inches. The lamps used were "mezda" head light amps
of 21.4 candle power consuming 21 watts.

Readings were taken 50 feet from the lemps across
the plane of the axis of the beams, in each case at intervecls
of 1 foot. Determinations of illuminatinn in foot-candles
were made and the candle power computed, the results teing
showh ty the curves in C, Fig.3, in which the illumination
curves are shown for two electric head lamps mounted 30 inches

between centers and £lso for two gas lamps similarly mounted.



It will be noted from the curves that the
electric lamps give a much closer distribution and do not
pgpﬁect light where it is not necessary. The results show
an illumination ahead about ten times &s great with the
electric head lights as with gas.

There are three distinct systems in use, namely,
the straight storage battery system, the generator and
battery system, and the alternating current magneto system.

(1) The storage battery system requires that
the battery, at intervals varying according to the service
required, te cherzed from an external source.

(2) The generator and battery system operates
the 1ights when the car is running or standing still. The
battery is autometically charged while the car is moving
above a certain rate, which eliminates any charging costs.

(3) Especially designed megnetos furnish lighting
current while the car is in motion. During stops light is
supplied either from a straight storage battery system or
combinstion o0il lamps.

With the straight storage battery system of
lighting the battery is the sole source of energy, & six
volt system being used almost exclusively. This is
especially true of sddd, tail] snd meter-light equipment.
It is quite popular, also, as a complete outfit, including
head, side, tail and meter-lemps, and, in the cese of &
limousine cear, interior dome and tracket lamps. 1In

conrection with this last equipment, however, the energy
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requirements are such as to recommend an electric generator

system.

The amount of light that it is practical to use,
0of course, denends upon the size of the battery. There are
maximum and minimum limits in this respect and & unit of 60
ampere-hours appears to be the smallest one to be recommend-
ed, while owing to bulk a 120 ampere-hours capacity is as
large as is convenient to carry.

Batteries such &s are menufactured for ignition
service are not recommended for lighting purposes. They
are not suited for & high discharge rate and deteriorate
rapidly when so used. The principal difference between
batteries designed to give & slow discharge alRd & quick
discharge is found in the plaetes - the ignition type of
battery having a few thick plates, while the lighting
tattery has meny thin plates in order that it may have a
large plate area per ampere discharged.

The battery system in question is suitable whers
the energy demand is such as to allow a ressonable operating
period. This demend is governed more or less by the
expense end difficulty connected with the charging of the
battery. To eliminate the charging consideration and also
to increase the lighting ceapacity, the electric genersator
system has been developed.

In electric generator systems the essential
features are (1) generator, (2) battery, (3) some means of

regulation, (4) reverse current switch.
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The basic element of a—Eomplete system is the
generator. A shunt wound maechine, on account of its
characteristics, is generally employed. There are &also
permenent magnet types in use. Generators should be
enclosed and to a reasonable extent impervious to dust,
oil, and water to insure reliability. The shape and size
govern largely the location of the dynamo, which should
preferably be ad jacent to a revolving shaft. The most
logical and convenient place is somewhere under the hood.

The method of drive should be positive in its
nature. Silent chain and gear drives are to be recommended;
friction and belt drives frequently cause troubtle due to
slipping.

Since the storage battery must handle the loeds
et low engine speeds, or vwhen the motor is standing still,
it must be of sufficient capacity to fulfil the demand
upon it.

Perhaps the most important feature of the
dynamo is its regulation, ie, uniformity of voltage over
@ wide variation in driving speed. The various methods of
accomp.ishing this regulation can be classified under three
heads; namely, mec¢hanical, electrical, and thermal, with
perhaps a fourth division of electro-mechanical.

T™he mechanical method takes advantage of slipping
belts or clutches. In this mamner the speed of the armature
is kept constant which assures & practically constant

voltage. An example of mechanicel_control is the Gray and
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Davis System, where a clutch and éentrifugal governor &are
used.

Electrically operated devices which tend to
distort or weaken the field, comprise the electrical
méthods. The Westinghouse System in which there are two
electrical fields, which oppose one another as the speed
of th¢ dynamo increases is an example of electricel
control.

Thermal regulation takes advantage of & peculiar
property possessed by iron, of increasing greatly in
electrical resistance at s certain critical temperature
Just below the red heet. Below this critical point the
resistance is practically constant; at and above this
temperature, the resistance increases enormously with
each degree rise in temperature. The curvo.in Fig. 4
shows this peculiar characteristic.

The electro-mechanical method combines the
principles of two of the above mentioned. Centrifugal
devices in combination with field resistances serve a&as the
voltage governor. Some machines also employ & load
regulator, which incresses the field current &as more
lamps are turned on.

The reverse current switch disconnects the
generator from the battery when the speed of the car-falls
to such a value that the battery voltage exceeds thet of
the generator. This overation prevents the battery from

discharging thru the generator.



! Xhen it is deéired, the generator can be used
also for ignition purpsses thus taking the place of the
magneto; however, the necessary timer and coil must be

employed.

The alternating current magneto system has been

installed &nd gives fair service with certain limitations.

The magneto employed generates & low tendon alternating
current which supplies energy for lighting and ignition.
The storage battery canmnot be 3harged from the generator
because of the nature of the current produced. When the
engine is not running, either a relay or hand operated
switch disconnects the magneto from the lighting circuit
énd et the same time connects the storage battery to the
line. The saving resulting from the use of this system
is based upon the fact that the storage tattery is cal led
upon to furnish energy only while the magneto is not in
operation. The popular Ford car furnishes ar example of

lighting by the alternating current magneto system.

7.



STARTING

Crenking an automobile by hand has been & source
of great inconvenience and personal injury. To &lleviate
this difficulty, meny forms of starters operating by means
of compressed air, gas, or sprinzs have been devised, some
of which have been fairly successful. The need and demand
for & mechanical starter has long bteen felt, and the use of
the storage battery for lighting purp ses on automobiles
gsoon led to the application of this energy, also, for
starting. During the past four years this type of starter
has been so far perfected that today nearly every modern
automobile hes an electric starter incorporated in it.

The employment of electricity for starting heas
the advantage of also supplying current for lighting and
ignition as well, until today the electric starting system
is inherently part of a combination system which takes cere
of the lighting and the ignition as well. It would seem
therefore, that electricity would te universally used for
starters, save for the fact that there are some obJections,
such as high cost, meinte inance, and the considerable
mechanism necessary, thet offset more or lecs the advantages
accruing from its three-fold use.

There are numerous electric starting systems, &nd
they mey be classified according t- the methods of obtaining
current for starting, lighting, and ignition, and the power
element of the starter, &s: (1) The one-unit system in which

& motor-dynemo in a single unit fulfills the three-fold
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purpose atove.

(2) The two-unit system which may te divided into
two classes: one in which the motor end dynemo &re cpmbined
in one unit, with & separate msgneto for ignition, &né, ore
_ in which the motor and dynamo are separate, the latter being
arranged to operate the ignition system when not running
on the btattery.

(3) The three-unit system in which & motor, =
dynamo, and a magneto are a8ll separgte.

Ir designing starters there ere several conditions
to be considered in determining what voltage shall be used,
especially as the sterter problem is somewhat different
from the ignition and lighting requirements as to voltege,
end one hattery is usually employed for all.

The pressure used on the different lighting &and
ignition systems is six volts, and were it not for the
problem of cranking, there probably would not be any reason
to change. This low pressure has the advantage that it is
easy to protect the circuit from electrical leaksage.

Six volt lemps are menufactured with less
di¥ficility than those designed for higher pressure, and they
are to be obteined anywhere. The weight of six volt
batteries is less than that of the higher voltage type.
Were it not for these considerations, starting motors would
be designed for higher pressures as they &are smaller &nd
consequently lighter. High voltage for the motor does not

necessarily meen high voltage for the generator &and lights.






There-are three general combinations: 1, A1l
one voltage, either 6, 12, 16, or 18 volts; 2, Genereting
and sterting st 12, 16 or 18 volts, and lighting at 6, 8,
andlé volts respectively; 3, Generating and lighting at
6 volts, and starting at 24 of 20 volts.

The power required for turning over the average
engine, will range from one-half to one horse-power. It is
therefore evident that, if the lighting generator is to be
used as a starting motor, and at its normel operating speed,
it will require &n extremely heavy machine. In order to
reduce this weight, & special driving arrangement might be
furnished which would sllow the generator to operate &t
engine speed when being driven ss a generator, and allow a
consideratle speed reduction from the generator to the
engine when being operated as a motor. This implies &
low-speed generator end & high speed motor, which, for
efficient design, necessitates double windings and
commutators. Due to the general complicetion of this
errangement, the scheme of using a separate starting motor
is to be preferred. This motor cean have its proportions
best worked out for its operation &s & motor, and without
the use of any inactive meterisl, which would be necessary
in a combination machine. In order to reduce its weight to
the lowest possible amount, it should te operated at the
highest speed consistent with the use of efficient geering
tetween the motcr and the engire, the normel operating
speed, in actual practice, being tetween the limits of
1000 and 2500 revolutions per minufe. the higher speeds
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being used where the weight is the paramount consideration,
and the lower speeds being used where & very quiet drive is
desired.

From the point of view of the design of the motor,
there are no particular charascteristics required other than
those obtained with a series motor. The efficiency should
te as high as is consistent with light weight, and the lock
torque must te such that it will easily crank the engine in
winter even when starting conditions are extremely severe.
The motor must be able to start the engine from dead centre
and te powerful enough to overcome back-fire.

In producing electrical energy the generating
equipment must te highly efficient. It should te designed
to maintaiﬁ a constant voltage, &3 required for lamps &nd
battery, even with widely varying engine speeds. large
output 2t low generator speed is one of the most desireble
characteristics of & motor car generator, as this permits
the carrying of the full lamp load when the car is operated
at & low rate of speed. Lerge output &t intermediate or
average city driving speed is essential in order to restore
to the battery the current consumed by the lemps when the
car is left stending with the lighte burning and the engine
idle, for any appreciable length of time. The large output
at low speed 2lso compensates for the frequent use of the
starting motor. Furthermore, large output at intermediste
or average ¢ity driving speed is essential to meet winter

conditions, it teinz & recognized fact thet storage batteries



in cold weather do not give their rated capecity, losing
their efficiency in proportion to the temperature.

As was found true in the purely lighting system,
8o, in the case of the combination system, its operation
must entirely be automatic. leans muct be provided for
connecting the dynamo to the battery when speed proper for
charging hes teen reached, end for disconnecting the dynamo
from the battery when the speed is reduced to & point where
a reversal of current is ebout to take place. Such &
feature is at present incorporated in &1l properly designed
lighting and sterting systems now on the market.

In some eystems, the connecting and disconrecting
from the battery is secomplished by a centrifugally operated
switch. The dynemo tspeed which corresponds to & correct
voltage for charging is predetermined, snd a centrifugel
device 1s set to close the circuit at this time, and to
open the circuit when the speed falls telow a safe point.
The more cormon mgthod, however, to accomplish this
operation is by meens of &n electrically operated reverse
current switch. This switch or relay, consicsts of two
windings, one of high resistence which is permanently
conrected across the armature terminals. The current coil
or coerse wire winding, is in series with the circuit
between the generator snd the storage tattery, which ecircuit
is opened or closed by the eaction of the two windings.

When the engine is sterted, the generator voltage builds

up and when it reaches %% e desired velue, & current pa ssing
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‘thru the high resistance winding produces enough magnetism
to close the relay which in turn closes the circuit thru the
coarse wire winding, thus connecting the generator and
storage battery. The current flowing thru the coarse wire
winding iﬁcreases the pull on the relay armature, &nd gives
8 good contact of low resistence at the contact points where
the cherging circuit is closed. When the generstor slows
down and its voltege drops below that of the storage battery,
the tattery sends out & reverse current thru the cosrse wire
winding, which kills the pull on the reley armature and
permits the relay spring to open the cherging circuit.

As in the case of the sutomatic switeh for
connecting to the battery, the more diffdecuilt problem in
controlling dynamo output has teen accomplished by means of
both mechanical and electrical devices.

Considering first the mechanical types of control,
we heve slipping clutches of différent design. One menufact-
urer uses a clutch composed of two members, one of which is
rigidly attached to the dynemo shaft, and the other t some
convenient drive shaft. The clutch members are held together
by spring pressure, and, &s the speed of the driving member
inecreases, this spring pressure is neutralized by means of
centrifugal governors, which oppose the spring tension, &nd
ellows slippage between the clutch memters, the amount of
slippage depending upon the speed of the driving member.

This allows the dynemo to te driven at a substantially con-

stant speed, regardless of that of the motor car.
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The regulator adopted by another manﬁfacturer hes
in it a centrifugal governor which turns at the same speed
as the dynemo, and moves & small contact arm over & number
of steps of resistance inserted in the field circuit of the
dynamo. The greater the speed, the more resistance is in-
serted in series ﬁith the field, so that & substantislly
constant output is obtaeined.

There is & much larger number of electrical devices
for this purpose. One of the earliest consisted of resist-
ance made of smell cerbon disks arranged in a tube &nd —
connected in series with the dynemo field winding. The
disks are normally pressed very tightly together by & spring,
and in this condition have a low electrical resistance. The
device is so grranged thet the armature current of the dynsmo
paesses thru & series coil, which is &srranged to pull directly
against the spring which compresses the cerbon disks. Con-
sequently when excessive charging rates are reachked, the
pull of the series coil tends to neutralize the spring
pressure upon the carbon disks, and the resistence of the
field circuit, by the release of this pressure, is ingreased.

In one system & megnet coil surrounds the upper
half of a tube filled with mercury. Within this mercury
tube is & hollow iron plunger sround the lower portion of
which and insulated from it is & coil of resistance wire.

One end of this coil is attached to the lower end of the
tube, the other being connected to & needle carried in the

center of the plunger. The lower portion of the rercury
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‘tubo is divided by an insulating tute into two concentric
wells, the plunger tube being partly immersed in the outer
well, end the needle in the inner well. As the voltage of
the battery veries with its condition of charge, the
intensity of the pull exerted ty the magnetic winding upon
the plunger varies &and causes this plunger to move in or
out of the mercury. When the plunger is at & low position,
the coil of resistance wire which it carries is immersqp in
the mercury, end £s the plunger rises the coil is withdrawn.
Now, thdcurrent to the shunt field of the generator must
follow a path leading into the outer well of mercury, thru
the resistance wound on the plunger tube, to the needle
carried at the center of the plunger into the center well
of mercury and out of the regulator. It will be seen that
as the plunger is withdrewn from the mercury, more resistence
is thrown into the circuit, due to the fact that the current
must pass thru a greater length of resistance wire. This
greater resistance in the field of the generator causes the
amount of current flowing to the tattery to be gradud 1y
reduced as the btattery nears the stege of chaerge, until
finally the plunger is @lmost completely withdrewn from the
mercury, throwing the entire length of the resistence coil
into the field circuit, thus causing & condition of prectical
electrical balance between the battery snd generator, &nd
obviating any possibility of overcharging the tettery.

Other manufacturere have used double field windings,
one portion earranged to oppose the flux generated by the

other portion. These oprosing or bucking coilc are thrown



‘into play at the proper moment by & series relay inserted
in the armature circuit.

The storage battery for ucse with & starting, or
combination starting, lighting, and ignition system, re-
sembles in every respect the battery used for lighting
purposes except that owing to the greater demand for
current for starting, its capacity must be greater. This
increased capacity is obtained by using a greester number

of thin pnlates.



f OTHER EQUIPMENT

One of the most recent applications of electricity
on the automobile occurs in the use of electro-magnets for
shifting the gears. 1Instead of shifting the gears by hand
lever when different driving ratios are required, the gears
are selected and shifted by prescing pusk tuttons on the
steering column, thereby completing the circuit thru the
electro-magnets, and operating the clutch. A few menufect-
urers have adopted electric gear shift as special equipment,
but up to the present time, because of its newness and the
fact that it is not generally understood, and therefore not
demanded by the putlic, manufacturers have not furnished it
as standard equipment.

Cne of the first practicel electrical gear shifts
on the market is known &£s the Vulecan Electric Gear Shift..
This consists of two units - the "shifting assembly" or
group of magnets attached to the transmiscion case, &nd the
"gselector-switch" or push button group located on top of the
steering column, in the center of the steering wheel, where
it ¢an te easily operated without requiring the driver to
remove his eyes from the road ehead or his hands from the
steering wheel.

The electric current required to energize the
megnets 1s derived from & storage battery ordjaarily

supplied as part of the lighting and sterting system on

most cars. So slight is the amount of current required to

operate the gear shift that it constitutes no appreciatle






,drain on the energy stored in the battery. . In fact it is
said that the total current consumed in shifting gears does
not exceed .005 of an empere hour, per shift, or sufficient
to supply an ordinary set of lamps for about 4 1/2 seconds.

A selector-switch which is cerried on the wheel is
m&de up of & number of tuttons, one for each speed &nd one
for neutral, the latter having no electrical conrection.
The buttons are provided with arched, laminated contacts of
copper, backed up with & steel spring snd insulsted from
the tutton proper. The top of the switch carries & locking
rlate for locking sny button which may be depressed, &nd
also carries an interlock, which mekes it impossible to
press down more than one button at & time. At the bottom
of the switch is a hard rubber base, which carries & copper
contact for each button end &8 common contact to &1l speeds.

The shifting mechanism consists of a cese which is
attached to the transmission housing. Thié case, in turn,
carries the magnets or solenoids as they are technicd ly
called. These in turn surround the armatures on which the
shifting forks which move the sliding geesrs in the transmisd on,
are mounted. In this case, 8lso, is carried the operating
mechanism by means of which the gears are rechenically
drawn to their neutral position thru & cornection with the
clutch pedal.

Assume that the gears are 8ll in neutrel and that
the engine is running idle. To move into first speed the

operator presses button number 1 in the selector group



. switech, thus closing one btreak in the electric circuit to
%agnet number 1. The circuit is completed when the master
switch is closed by the clutch pedsl being fully depressed.
The operator, having first selected his gear, depresses the
clutch, and the final movement of the clutch pedal closes
the master switch, completing the circuit thru the megnet
or solenoid selected, energizing it and drawing the plurger
shaft, to which the shifter fork is atteched, into the
hollow core of the solenoid.

As the sliding Rear reaches the desired position
ir mesh, its final movement disengages the mester switch by
means of an autometic tripping device. The clutch pedal is
then released, the clutch returns to its normel position
and the transmission is in first speed. To pass from first
to sedond speed,etc., the operation is repeated.

Another type of electrical gear shift is being
developed by the Detroit Electricel Devices Compeny. This
is & novel departure “rom the usual plunger magnet type, &s
in it & rotating magnet is used to shift the gears. It
consists of & selector-switch mounted on the steering column
Just bteneath the steering wheel and &8 shifting device prorer
which may be mounted 8t ¢ny convenient location along the
driving shaft housing, preferably near the transmission.

The selector-switch consists of & movable contect
arm which may be moved from one contact point to eanother
for different speeds.

The shifting device resembles two four pole motors,

the armatures ecting independent of each other. The shifting



and gear selection is accomplishéa ty energizing & pair of
opposite poles, thus roteting cre cf the roveble megnets
which by a mechanism shifts the desired gear into plsce.

Trhis type gives great promise of future success
but it is &8s yet in little use. It hes the eadvantage thet
its installetion is not necesserily & part of the originel
assenmbly, as it mey be installed &t arny time on & completed
cer.

With but one exception, little ce&n be said of the
otrer rinor &eccessories which?giectrically operated &nd
wh:ich might rather be clessed as movelties than &s either
luxuries or necessities in an autorobile. The one exception
is the electric horn, which, from its well deserved popu-
larity, has tecome & part of the standard equipment. The
electric horn operates on one of two principles, viz; either
8 simple vibrating diaphram which is caused to vibrate by tie
intermittent attraction of an electro-magnet, or by the
vibration of a diephram caused by the sction of & rapidly
rotating toothed wheel which is caused to operate bty a tiny
electric motor. The latter type seems to be preferable &s
there is little difficulty encountered due to sticking of
contects as in the case of the first mentioned type and its
tone can he moduleted.

Among the other electrical equipment found in
gasoline cars might be mentioned electrical heating devices
of verious kinds such as gasoline vaporizers to assist in

sterting in cold westher, electric hand warmers which are



appliéd to the steering wheel in’the cold weather, &nd
electric cigar lighters. All these are more or less
novelties and their value as & part of the equipment of a
well eprointed car ic questionable.
CORCLUSION

The above has been compiled efter a careful study
of the verious uses of electricity in motor vehicles and it
is considered, by the suthors, to te fairly complete. A
discuscion of the reletive merité of the verious menufacturers’
products has teen carefully avoided for reasons aprarent.

Today the average motor vehicle pleced upon the
market is fairly equipped with electricel eppliances for the
comfort and convenience 0f the owner. "hat the future mey
bring forth it is herd to say, but since simplicity is the
watch word in sutomotile manufacture today, it is safe to
say that any eadditionel electrical applicances for the
gasoline car must simplify rether than complicate the

motor cer of the future.
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