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The Electric System on Automobiles. 

G. De Witt Young. 

The electric system as applied to automobiles 

has met with the approval of all operators because of its 

efficiency and convenience. But very few people have 

more than a working knowledge of how to operate the sva-

tem and very few realize its cost. In my thesis I will 

describe the electric systems in detail, ehow the things 

the manufacturers have to consider in its design and show 

the cost of its operation. 

Each system consists of: 

A series wound motor, which has high torque at low 

speed; 

A shunt or compound w0Ul1d generator which supplies 

current to the storage battery; 

A voltage regulator which operates either by controll

ing the field of the generator, by resistance in aeries with 

the field, or by a mechanical governor which holds a con

stant generator speed; 

A cut-out switch; 

Ammeter; and 

Storage battery. 
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There is very little change in the voltage reg

ulator, cut-out switch, ammeter and storage battery e:rnept that 

the number of cells in the latter ==~:ats is determined 

by the size of the system. 

Each starting and lighting system has its own me

thod of application to engine. Some are connected by belt 

with a planetary gear reduction; others use a silent chain 

drive and the relation of the engine speed to motor speed 

is obtained through the nurnbe:r of teeth on the sprocket; 

others use a gear pinion enzreshed with a gear on the peri

phery of the flywheel for the starting motor while the gener

ator is connected by an Oldham coupling to pump or magneto 

shaft. One system is constructed to take the place of the 

engine flywheel. 

The construction of the dynamotor varies consider

ably, hence there are three distinct systems, i.e., the single, 

two, and three unit types. The single tmi t system has the 

series motor, shunt dynamo and magneto combined in one unit. 

The Delco and U.S. L. are examples of this system . . The two 

unit system has either the series motor and shunt generator 

as one unit and the magneto as the second unit, 01· the series 

motoi,, the shUi"'l"t generator and the magneto as sepaxate units. 

The Dyneto-Entz is an example of the first and the Deaco of 

the second. The three unit system has the series motor, 

shunt generator and the magneto each as separate unite. The 

Gray and Davis, Rushmore, Wagner, and Ward-Leonard are exam-



plea of this system. 

Each system has its advantages and disadvantages. 

The single unit system is more complicated in its con

struction and hence is somewhat easier to get out of order 

thereby killing the whole machine. It makes the engine look 

neater and does away with silent chains and uses only one 

Oldham coupling. Either of the two types of two unit sys-

terns allows the machine to operate if the series motor is 

broken. I find that it is much better to have the dyna

motor in one unit and the magneto as the other because you 

have the magneto for ignition and the storage battery for 

lights if the dynamotor is not working . 

The three unit system enbodies all the advantages 

of the two unit system and also has the advantage of hav

ing the use of either the starter or generator in case of 

any accident to either one:. /-

The Delco system, which was the one installed on 

the 1912 Cadillac and is still used by them, is one of the 

most popular on the market. Plate No. 1 shows the detail 

drawing of the motor-generator-ignition unit and also the 

voltage regulator and cut-out relay which is installed on 

t he 1914 Hudson 6-54. The functions, construction and op

eration of this unit will be more clearly grasped by view

ing it first merely as an electric motor with a suitable 

means for transmitting power to the engine; and then as an 

electric generator, so a r ranged as to obtain power from t he 

engine for i·evolving its armatuxe. 
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An analysis of the first condition shows simply 

a shunt wound motor, with a gear pinion upon the end of 

the armature shaft nearest the flywheel. Interposed be

tween this pinion and the gear teeth cut in the periphery 

of the flywheel is a pair of gears, adapted to slide a

long and revolve upon an intermediate shaft. The slid

ing action causes the larger of these gears to engage 

with the motor pinion, while the smalle1~ one meshes with 

gear teeth on the flywheel. 

The one-way clutch, which is incorporated in 

the larger of these gears, is for the purpose of permi tt

ing the engine to run ahead of the motor during the short 

time that the gears may be enmeshed while the engine is 

rwning under its own power. The total gear ratio be

tween the armature shaft and the engine shaft is approxi

mately 20 to 1, with the gear train above described in 

operation. 

When the unit is generating current for charg

ing the battery, for lights and ignition., it is a simple 

shunt wound generator. It is driven from the engine by 

an extension of the pump shaft. The generator is driven 

at crank shaft speed, and in order to compensate for the 

higher ratio when the unit is in starting relation to the 

engine, a second one-way clutch is provided adjacent the 

forward housinB. This clutch permits the armature to 
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run ahead of the driving shaft durine the cranking operation. 



Plate No. 1 shows the construction and ope ration of the 

motor brush switch and the train of gears between the 

motor pinion and the flywheel. When the "Start 11 button 

on the combination switch is depressed, current flows 

from the stoi•age battery through generator circuit caus

ing the armature to rotate slowly, so that the starting 

gear will mesh into the motor pinion and with the teeth 

on the flywheel. 

When the starting lever is pulled backward :the 

rod A is pushed forward, causing the gear B of the start

ing clutch to mesh with the motor pinion C. Immediately 

after the gears Band Care en-meshed the gear D, which is 

integral with B, meshes with the gear teeth on the fly

wheel , and at the same time the extension of the rod A to 

the bell crank E allows the motor brush F to travel to

wards the commutator, breaking the generator circuit at 

G and closing the motor cranking circuit. When the 

starting lever is released, the spring throws the gears 

out of mesh, and at the same time raises the b1·ushes from 

the commutator and closes the generator ci1 .. cuit. 

The function of the voltage regulator is to con

trol the amount of current flowing from the generator to 

the storage battery. Plate No. 1 shows a c~oss section 

of the voltage regulator. A magnet coil A surromds the 

upper half of the mercury tube B. Within this mercury 

tube is a plunger C, comprising an iron tube with a coil 
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resistance wrapped around the lower portion on top of a 

special insulation. One end of this resistance wire is 

connected to the lower end of the plunger tube, the other 

end being connected to a needle D carried in the center 

of the plunger. The lower portion of the mercury tube 

is divided by an insulating tube into two concentric wells, 

the plunger tube being partly immersed in the outer wall., 

and the needle in the inner wall. The space in the mer

cury tube above the body of the mercury is filled with an 

especially treated oil which serves to protect the mercury 

from oxidation, to lubricate the plunger, and to form a 

dash pot for the plunger. 

The wiring diagram Plate Ho. 2 shows the elec

trical connections. 

The operation of the voltage regulator is as 

follows: Inasmuch as the voltage of the storage battery 

varies wi th its condition of charge, the intensity of the 

magnetic pull exerted by the magnet coil A upon plunger C 

varies and causes the plunger to move in and out of the 

mercury. When the battery is in a discharged condition 

the plunger C assumes a low position in the mercury tube 

and vice versa. When the plunger is at a low position 

the boil of resistance wire carried upon its lower portion 

is immersed in the mercury, and as the plunger rises the 

coil is withdrawn. Now the current to the shunt field 

of the generator must follow a path leading to the outer 
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well of mercury through the resistance coil wound on the 

plunger tube, to the needle carried at the center of the 

pltmger, into the center well of nercury and out of the 

regulator. 

It will be seen that as the plunger is with-

drawn from the mercury, more resistance is thrown into the 

current, due to the fact that the current must pass through 

a greater length of resistance. This greater resistance 

in the field of the generator causes the amount of current 

flowing to the battery to be gradually reduced as the 

battery nears a state of complete charge, until finally 

the plunger is completely withdrawn from the mercury, 

throwing the entire length of resistance coil into the 

shunt field ci1·cui t, thus causing a condition of practical 

electrical balance between the battery and generator, and 

obviating any possibility of overcharging the battery. 

Changes in temperature which would affect the 

resistance of the voltage regulator coil and tend to over

charge the battery in warm weather and undercharge it in 

cold weather, are compensated for by a resistance coil of 

special wire, which is wound around and is in series with 

the magnet coil A. 

The function of the cut-out relay is to close 

the circuit between the generator and the storage battery 

when the generator voltage is high enough to charge the 

battery. It also opens the circuit as the generator 

slows down and the voltage becomes less than that of the 
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storage battery, thus preventing the latter from dis

charging back through the generator. 

The cut-out relay is an electromagnet with a 

compound winding. The voltage coil or fine wire wind

ing is connected directly across the terminals of the 

generator. The current coil or coarse wire winding is 

in series with this circuit between the generator and 

the stoxage battery and the circuit is opened and closed 

at the contacts A. When the engine is started, the gen

erator voltage builds up and when it reaches about six 

volts a current passing through the voltage winding pro

duces enough magnetism to overcome the tension of the 

spring B, attracting the magnet armature C to Core D, 

which closes the contacts A. These contacts close the 

circuit between the generator and storage battery. The 

current fl owing through the coarse wire winding increases 

the pull on the armature and gives a good contact of low 

resistance at the points of contact. When the generator 

slows down and its voltage drops below t hat of the stor

age battery, the latter sends a reverse cu1·rent through 

the current coil, which kills the pull on the current 

armature C. The spring B then opens the circuit between 

the generator and battery and will hold it open until the 

generator is started up. 

The U.S.L. starting and lighting system embod

ies an entirely different feature f1•om any now in use. 
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It is designed to use the integral parts of 

the car as originally built inst6ad of installing de

vices that are really foreign to the automobile mechan

ism itself. 

The principle upon which its designers worked 

was that of converting the flywheel into a motor-gener

ator so that it should become at once a motor for start

ing the engine and a generator for making electrical 

current when once the engine is under way. 

This dynamo, which is directly connected to 

the crankshaft of the automobile engine, has many advan

tages over the other systems. It is possible to turn 

the engine over with greater speed. It doesn't add a 

single moving part to the car or any extra weight. 

There are no chains, sprockets,gea.rs or belts to wear 

out and no bearings to oil. There is nothing complica

ted to get out of order and as it is absolutely automa

tic it requires no attention. It has a unique regulator 

system so that the bat-tei·y cannot be overcharged., for as 

the capacity of the latter is approached the generating 

function is automatically tapered off to a charging rate 

so lo·,u that it has no effect upon the battery. 

It is possible to propel a car, which is equipp

ed with the U.S.L. system, in high gear for a short dis

tance if the gasoline suppl•Y suddenly gives out. This 
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of course is a great point in its favor as it makes the 

automobile eafe in practically all emergencies. 

The Rushmore starter has a very unique feature 

in that the armature is normally held out of line with 

the pole pieces by a compression spring in thee commutator 

end of the shaft. In this position the pinion is out of 

mesh with the flywheel gear. When the switch is closed 

the armature is sucked endwise with great force by the 

attraction of the pole pieces into working position, 

thereby engaging the pinion in mesh with the flywheel 

gear and setting the flywheel in motion. 

The instant the engine starts, the motor is 

relieved of its load and the cu:rrent drops almost to 

nothing so that the spring automatically pushes the arm

ature and pinion out of action before the speed has time 

to increase appreciably. Thereafte1·, the current re

quired to spin the armature without load is too small to 

attract the armature back into its working position, hence 

it spins idly till the switch button is released. 
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To facilitate engagement the switch is given two 

active contacts. The first contact practically short-cir

cuits the armature, so that it rotates only enough to make 

sure that the pinion will slip easily into mesh. The sec

ond contact puts the moto1· in action and cuts out a resis

tance in the field circuit. The a-nitch arm is opposed by 

a spring of sufficient stiffness to insure that the move-



ment shall not be too abr~pt; in other words, the operator 

does the right thing without having to think about it. On 

the return motion the switch arm jumps the first contact. 

The motor is of the iron clad type series, with 

four poles and four brushes. The commutator is long e-

nough to provide for the endwise movement, and copper gauze 

brushes are used. 

The generator is shunt wound and operates in con

junction with the voltage regulator and cut-out 1·elay simi

larly to the ones already described. 

The Dyneto-Entz electric starter and lighter is 
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the most powerful and next to the U.S.L. is the simplest on 

the market. It is an 18 volt system using 9 batteries in 

series. It consists of a motor-generator unit, the switch 

and the storage battery. It is connect~d to the engine per

manently through a silent chain. There are no radical 

changes in the construction of the dynamo over the Delco or 

other systems. The only radical difference is in its opera

tion. There is a single switch for the engine and dynamo 

and as soon as the switch is closed, the starter acts as a 

motor turning the engine over. After the engine starts 

the motor-generator becomes a dynamo and charges the storage 

battery. 

This change from motor to generator is a natural 

function of the type of mechanism used and requires no auto

matic devices. Because the starter changes from a motor to 



a gene1·ato r and vice versa, naturally and wi thbut the work

ing of any pedals, it keeps the engine under the driver's 

control at all times and does not let it stall. Because 

just as soon as the engine slows dovm below a certain fix-

ed number of revolutions the starter begins to help it a

long. Thus the driver can handle the car in crowded traff

ic and drive st~adily on the high gear without fear of the 

engine going dead. He does not have to be constantly 

shifting gears. 

The Gray and Davis system, as used on the Peer

less, has a series motor for starting and drives the engine 

through a pinion enmeshed with a gear on the flywheel. The 

pinion is enmieshed by means of a foot-pedal. 

They use a compound wound generator and the sys

tem is so wired that the series field is carrying current 

only when the lights are burni ng. As mui·ent that goes 

to the lights flows through the series winding, the great

er the number of lights burning, the greater wiJ.l be the 

dynamo output. This increase in output compensates for 

the decrea se in voltage due to the increase ih load. Var

iation in speed is taken ca~e of by the Gray and Davis 

automatically controlled friction clutch. This clutch 

slips more or less a ccording to the speed of the engine. 

It consists of a shell secured to a shaft positively driv

en from the car motor. Held against the inner periphery 

of this shell by means of two Vanadium steel springs are 
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two shoes faced with asbestos fabric one-eighth of an 

inch thick. The contact pressure is controlled by the 

action of two weights. When the dynamo is running at 

rated speed, the radial pull of these weights is exact

ly equal to the spring pressure, minus the frictional 

driving force of the two shoes. So long as the dynamo 

is driven at or above rated speed, this equation remains 

true, and the weights set themselves at a point where 

the pressure will be just sufficient to drive the armattU'e 

at rated speed. 

Wher~ there is friction there is heat generated 

but this is provided for. To give greater cooling surface, 

the outer faces of the governor shell are ribbed . These 

ribs act as a fan and the air is drawn through the vent on 

one side of the frame and blown out on the other side, 

producing draft and ventilation. 

The cut-out relay used on this system is practi

cally identical with that which has been described, and a 

cross - section is given on Plate No. 1. 

The Wagner system does not vary in the electric 

side but uses a. planetary gear reduction to obtain the nec

essary dynamo speed. 

The Deaco system consists of a series motor and 

a shunt generator in combination with the ignition. It 

uses practically the same voltage regulator and cut-out 

relay as that of the Delco. 
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This amply desc:ribes all the different electric 

systems on the market . 

In the designint:; of a shtmt dynamotor the prin

cipal thing to be conside1·ed is to design a generato1· 

which will give the full load current at as low a speed 

as possible so that the charging current will be high at 

low engine speeds. Plate No. 3 shows the relation of 

engine speed to charging cu:r-rent. It is a curve nhich 

practically all the generators operate on. 

In designing the series motor for an electric 

sys tem it is necessa:i:y to know the turnover torque of 

the motor which the se1·ies motor is to be installed upon. 

In the case of the four-cylinder motor the torque curve 

shown on Plat e No. 4 shows that at certain places there 

is practically no torque required to turn the engine over, 

hence the drive liTLlSt be so designed that t here is ver:y 

little backlash. However, in designing for a six-cyl-

inder moto1· the turnover torque curve is practically con

stant. The series motor must be designed to the turnover 

torque cu1·ve of the cold motor, othe1•wise it will be great

ly overloaded and will strain the driving parts and in 

the case of chain drive is very apt to break the chain. 

The follo wing i s some data as t o the cost of op

erating the electric system: 
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H. p. 
Class of Car A.L.A.M. : Bore : Stroke Lighting System 

.. _ .,_; Rat i 11 o- : : : -=======:;::;;:::;.=::::: .. · __ ...,,£..: ::.------- .=....,._.:;,;:_=:.;,·=· ~========:;-::=.:.=::., ·===:::-;-, ~-- --

Medium 
Priced 

High 
Priced 

Low 
Priced 

Medium 
Priced 

. . . . 
25.6 . 4" . 

......,.,--.--- • - ~ -----. . . 
38.02 4. 87 11 

25.6 4 ti 

32.4 4'i-" 

. . 

. . . . . 

• . 

5 II 

6 II 

. . 

. 
• 

Gray & Davis 

G1"ay & Davis 

u. s. 1. 

Delco 

-------;-- ·----- -·--· - .. -----~----~. ----~----------,---~-
Speed milhr 
During test 

20 - 25 

24 

. 
:_]f}j__/ Gal.: of Gasoline 

Genera tor: Generator 

. 
: running : disconnected 

------ ---·-
• 18.6 21.2 . . . 

------·-• 
I6.5 . 17.9 . . . 

~------ . 

Loss of Mi leage 
Due to Electric 

System. 

12¼% 

18 -~- -: _____ ~2_I_._L_ : _ ___ ___ _2~~.?. .. --· _,_,_ ___ ~ ___ 9. 3% _ _ _ _ ---- . . -. . 
20 I 4 • 8 15. 9 : 6. 9% 

The above tests were conducted by the dealers of 

the ca1~s and we1·e made on the track at Indianapolis. 

The U.S.L. starting and lighting system made a 

very careful test and calculated the extra cost per kilowatt 

hour. They found that the generator would supply all the 

electrical energy necessary for $.os½ per kilowatt hour. 



They use a 6.S volt battery and charge at the rate of 10 

amperes, which means that if all the energy could be tak-

en from the storage battery, it would cost $.0055 per 

hour to operate the system. 

I made some tests on a 1914 Maxwell "35" using 

the Deaco system. In the first test I made 17 miles with 

the generator connected and then I ran the car over the 

same. distance and road and at the same rate of speed with 

it dii:rnonnected, and measured the gasoline carefully at 

the end of each run. I found that there was 10% more gas

oline used with the electric system in operation than with

out. 

The second test was made with a gallon of gaso-

1 ine fo1~ each :run. I found that the car made 16 miles 

per gallon of gasoline with the electric system connectdd 

and 17.55 miles with it disconnected, or it took 9.7% more 

gasoline. 

This proves that while the electric system is a 

great convenience, yet there is considerable cost entail

ed with its operation. Outside of the gasoline expense, 

there is considerably added weight which means higher tire 

bills. Also there is some extra cost for e l rectric bulbs 

but this is rather low. 

In conclusion: my results show the cost of 

operation, and my observations show that the constant 

speed dynamo for automobile lighting and battery charging 
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is to be preferred to other designs, chiefly because i t has 

the corr ect characteristics for its assigned work, because 

its efficiency is high while the wear is small, and be

cause it is able to maintain a potential at the lamps so 

constant that it will carry the lamps with the battery dis

connected. 

Also, the generator and moto1· should be built as 

separate units because of the lighter, smaller, less com

plicated battery required, because of the greater reliabil

ity of the separate units, and because the characteristics 

of the starting motor ard directly opposite to those of the 

generator. 
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