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To all whom it may 6O768), 
Be it known that I, CHARLEs F. KETTER 

ING, residing at Dayton, Montgomery 
county, Ohio, have invented certain new and useful Improvements in Engine Start 
ing, Lighting, and Ignition Systems, of 
which the following is a full, clear, and 
exact description. 
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This invention relates to a system of de 
vices adapted for supplying power to start 
an engine, and the engine when thus started 
is arranged to store up power for similar 
starting operations; and this same power 
source may then be used for the ignition 
system of the engine, and to furnish a light 
ing circuit. That is, in the particular form 
hereinafter described as embodying my in 
ventions, I have provided an automatic 
starting device for automobile engines, so 
as to eliminate the manual cranking of the 
engine. The power to start, or crank, the 
engine in this automatic manner is derived 
from electric storage batteries, which sup 
ply current to an electric motor that is con 
nected to the engine. Then after the en 
gine has been thus started, it operates the 
electric motor as a generator to supply elec 
tric current, which is stored up in the stor 
age batteries. It is this current from the 
storage batteries that may be used for the 
ignition system of the gas engine, and also 
for furnishing a lighting circuit, or other 
electric circuit for various purposes in con 
nection with the use of automobiles. While 
these improvements are primarily shown 
and adapted to be employed in connection 
with automobiles or motor vehicles, they 
may be readily combined with any type of 
power driven apparatus or machines, where 
in it is necessary to apply an initial start 
ing power thereto in older to bring the 
normal actuating or driving power of the 
apparatus or machine into action. 

It is among the general objects of these 
5 inventions to produce novel combinations 
of the mechanisms above referred to and to 
simplify and make their operation more 
efficient for the various purposes and re 
quirements desired in such apparatus. 
Among these objects, may be set forth more 
specifically the following:-first, to secure 
a high turning power or torque to be ap 
plied to the crank shaft of the engine so 
as to start the same, this power being de 
rived from the storage batteries and applied 
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to the engine by means of the electric motor: 
and at the same time to make the system adaptable for lighting systems requiring 
Sinaller voltage, and also to permit charg 
ing of the storage batteries at relatively 
low voltage. in carrying out these objects 
the arrangement of the batteries is such that 
for the starting power, the batteries are 
arranged in series, for example twelve bat 
teries in Series to give twenty-four volts, 
While for charging these batteries when the 
motor is run by the engine as generator, 
the batteries are combined in parallel under 
a six-volt arrangement. Likewise the motor 
generator has both the series and the shunt 
forms of field windings. The series field 
Winding is alone used for starting, while both 
the shint and the series field windings are 
made use of during the charging operation 
in what is known as a differential arrange 
ment, i.e. opposing each other. The selec 
tion of these fields is automatically con 
trolled, according to whether the apparatus 
is arranged for starting or for charging. 
With the above described arrangement 
of the batteries, the charging takes place 
at comparatively low voltage, for example, 
six volts as stated; so that the generator 
begins to charge at a low speed and it is 
not necessary to speed up the engine or to 
geal it up to such high revolution as might 
be necessary if the generator had to charge 
the batteries at a high voltage. At the same 
time the lighting system can be taken from 
a six-volt init or set of cells which will 
be sufficient for the ordinary purposes of a 
lighting system in an apparatus of this sort 
where the lighting is used in connection 
With automobiles. Incidental to the accom 
plishment of the above objects is the desir 
ability of controlling these different devices 
in a simple and convenient manner equir 
ing as little attention as possible on the 
part of the operator. For this purpose I 
have arranged a lever or pedal which con 
trols the various parts as to their starting 
or their charging conditions. For example, 
this foot pedal when pressed in one direction 
operates a controller or switch having elec 
trical connections such that when the pedal 
is in this forward position, the batteries are 
in series (giving 24 volts), and the series 
field winding of the motor is alone con 
nocted in the circuit of the batteries so that 
this motor-generator now acts as a motor 
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S. Now when the foot 
pedal is returned to no 'inal position, this 
throws the controllei to its opposite posi 
tion, thereby shifting the battery connec 
tions to the parallel arrangement and like 
wise shifting the field windings so as to 
have the differential ari'angement such that 
the device now operates as a generator to 
charge the stoi'age batteries. The motor 
generator is not permanently connected to 
the engine. Two different sets of geal's are 
inade use of, one set of multiplied gearing 
being used to connect, the motor to the 
engine for starting, while a different set 
of gearing is used to connect the engine to 
the generator for charging. By this means, 
a high speed Of the motor when starting, 
turns the engine at a low speed, whereas 
when the engine has been once started and 
is revolving at fairly high speed, the other 
Set of gearing transmits this same speed 
to the generator fol' charging purposes. 
make use of this same foot pedal for con 
trolling this gearing in that when the foot 
pedal is pushed forward for its starting 
position, the first set of gearing is thrown 
into mesh to connect the motor to the en 
gine. This gearing remains thus enmeshed 
until the foot pedal is brought back to its 
normal rearward position, when the first 
set of gearing is disconnected or unclutched. 
and the second set of gearing is connected 
theireby connecting the engine to the gen 
erator for charging. 

Incidental to the above objects, I have 
made a particularly advantageous switch or 
controller which has two different positions 
for the purposes above indicated and also 
for the purpose of controlling other electri 
cal connections as will hereinafter appear, 
which form advantageous accompaniments 
to the purposes above explained. 
The above enumerated objects are some of 

the more important ones which these im 
proveinents are designed to accomplish. 
Other objects will appear incidentally as the 
description of these improvements pro 
gresses, and it will also be apparent to 
those skilled in the art, that the devices 
possess numerous advantages, some of which 
will be set forth as the description pro 
gresses, but others of which are omitted for 
the sake of brevity and with the under 
standing that they will readily be appreci 
ated upon consideration of the combinations 
and arrangements which are utilized and are 
Set forth in the ensuing description consti 
tuting a preferred form of the apparatus. 
It is to be inderstood that this is merely a pre 
ferred for in which is shown and described 
and that various other forms may be adopted 
Without departing from the spirit and scope 
Of the invention. 
The particular form of apparatus in 

Which I have embodied my improvements 
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will now be set forth in detail, having ref 
erence to the accompanying drawings form 
ing part of this specification. 

in said drawings, Figure 1 is a top plan 
view of the chassis of an automobile to which 
my improvements are applied. Certain paits 
of the chassis and of the automobile are re 
moved for the sake of clearness, and the 
portion of my improvements which are 
shown therein being more particularly the 
motor-generatoi' and its connections to the 
engine. Fig. 2 represents a side elevation of 
the engine and fly wheel of this automobile. 
showing the motor-generator with the geal'- 
ing connections and the fly-wheel ready fo!' 
starting. Figs. 3 and 4 disclose 'eat' and 
front elevations respectively of the stille 
ture shown in Fig. 2. Fig. 5 is a fragmen 
tary detail view of the motor-fly wheel geal'. 
ing, enlarged from Fig. 3. Fig. 6 is a detail 
side view of the parts shown in Fig. 5, with 
the exception that, the fly-wheel is hole re 
moved for the sake of clearness. Fig. 7 is : 
detail view of the fiction clutch carried by 
one of the transmission pinions of the motor 
flywheel gearing, and Fig. 7 is a sectional 
ized view of Fig. 7. Figs. 8, 9, and 10 are 
diagrammatic views of the electrical circuits 
and connections, Fig. 10 being the complete 
arrangement of the circuits and devices, 
while Figs. S and 9 are fragmentary for the 
purpose of clearness and description. Figs, 
11 and 12 are top views of the controller or 
switch which is operated by the foot pedal 
to control the various electrical connections 
as referred to generally above and explained 
more specifically below. Fig. 11 shows the 
parts as positioned foil charging the bat 
teries and Fig. 12 for staiting the engine. 
Figs. 11 and 12 are diagrammatic views re 
spectively of the electical coirections for 
Figs. 11 and 12 of the controller, that is, fol' 
the charging and the starting positions 'e- 
spectively. Fig. 13 is a horizontal Section:ll 
view of this controller on the line 15-15 of 
Fig. 14. Figs. 14, 15, and 16 are vertical ser 
tions of portions of the controlle' at inter. 
mediate points as shown by the respective 
section lines and arrows on Figs. i.J. and 12. 

Referring now to fig. 1, it may be st:ted 
that the type of automobiles in which these 
improvements are shown as applied, is the 
“Cadillac', which is a well known attorno 
bile on the market at the present time. in 
this view, the chassis is shown having the 
side frames 30 and carrying the engine 31 
which is of the four-cylinder type ordinarily 
used in automobiles. 32 are the front, wheels, 
and 33 the running boards. 34 is the box 
containing the transmission geal's, and 35 
is the transmission lever which when moved 
back and forth controls the selection of the 
transmission gears in a well known nannel'. 
one position being the neutral, in which the 
engine driving shaft is not connected up 
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to the cluriving wheels of the automobile; and 
the other positions of the control lever 35 
operating the transmission gears to produce 
the various speeds forward or the reverse 
speed. 36 is a casing containing the ordi 
nary oil pump such as is customarily used 
on a car of this type. This oil pump is op 
erated by a shaft 37 which is utilized in 
connection with the present inventions as 
will appear hereinafter. 38 is the flywheel 
of the engine, connected of course directly 
with the engine shaft. 39 is a clutch disk, of 
the usual form, having the conical-shaped 
periphery which engages in the interior of 
the fly-wheel and may be operated as by : 
pedal 40 to be thrown into and out of en 
gagement with the fly-wheelin a Well known 
manner to make or unmake the connection be 
tween the engine and the transmission gea's. 
41 is a motor-generato' forming part of the 
present improvements and arranged to serve 
as a motor to start the engine and as a 
generator to charge the storage batteries. 
This motor-generator is controlled as to its 
status as motor. or generator, by the foot 
pedal 42, mounted upon a cross rock-shaft 
43. From this rock-shaft 43 there extends 
upward an arm connected to a link 44 which 
extends forward to control the gearing co 
nections between the moto1'-genei'ator and 
the engine. Another link 45 extends rear 
ward and is connected to a bell citank level" 
46 which in turn is connected by a link 47 
to the switch or controller 4S shown dia 
grammatically in dotted lines in Fig. 1. 
This controller 4S is contained within a cas 
ing or box 49 which is carried upon the rin 
ning board of the car and is intended to 
be a convenient place to cally also the stol 
age batteries and other applitenances of 
this electrical systein. These various con 
nections will be described more in detail 
later, but in general it may be seen from 
Fig. 1 that the operation of the foot pedal 
or starting pedal 42 operates through the 
link 44 to control the connections between 
the engine and the notor-gene'itoi', and 
through the link 45 to operate the electrical 
switch or controller which governs all of 
the electrical circuits as will hereinafter ap 
pear. The connections between the engine and 
the motor-generator will now be described. 

Referring to Fig. 4, the engine shaft 50 
carries a small gear 51. This meshes on 
one side with a gear wheel 52 which in a 
well known manner is used to operate cams 
which move the valve stems 53 for the re 
spective cylinders 54 of the engine, but as 
these parts form no portion of the present 
improvements no further description of 
them will be given. The gear 51 also 
meshes with an intermediate gear 55 which 
transmits motion to its intermeshing small 
gear 56 said Small gear being fast upon the 
aforesaid shaft 37 which heretofore has 
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been utilized to operate the pump 36 and 
also has customarily been utilized to op 
erate a magneto for ignition purposes. Be 
cause of a previous existence of a shaft of 
this sort in a car of this type, it is found 
advantageous to use this as one connecting 
means for one set of gearing between the 
engine and the motor-generator. Referring 
now to Fig. 2, it will be seen that the said 
shaft 37 carries a shiftable clutch member 2 
60 having teeth adapted to engage with the 
corresponding clutch member 61 which is 
fast upon the shaft of the armature of the 
motor-generator 41. This shifting clutch 
member 60 is operated by a central pivot 
lever 62 which is connected to an alm 63 
extending forward to an arm 64 (See also 
Fig. 1). This arm 64 is pivoted at its mid 
dle point, the oute' end of the al'm being 
connected to the aforesaid link 44 shown in 
Fig. 1. and the inner end of the aim being 
connected to the rod 63. Thus it will be ap 
parent that the operation of the foot pedal 
42, when pressed forward, throws the link 
or rod 44 forward, which retracts the rod 
63 rearward and thereby moves the clutch 
in ember 61 out of engaging position so that 
it rests in the position shown in Fig. 2. 
This is the starting position. That is, it is 
intended that the pressing foi'wal'd of the 
foot pedal or starter pedal 42, shall prepare 
for the starting of the engine by the elec 
tric moto'; and upon the return of the pedal 
to normal rearward position, the connec 
tions are such as to have the motol'-genera 
tor operate as a generator. In such case, 
the return of the foot pedal 42 to normal 
rearward position would throw the rod (33 
forward thus engaging the clutch member 
60 with its companion member (31. This 
makes a dilect connection between the en 
gine shaft 50, (Fig. 4), through the counter 
shaft 37 and clutch member's (50-61, di 
rectly with the al'mature of the motor-gen 
erator. It will be seen that the size of these 
connecting gears is such that the aria) atti'e 
of the motor-generator would in this charg 
ing position be driven at the same speed as 
the engine shaft, 50. That is, the generator 
is driven, for charging purposes, at engine 
speed. 
I will now describe the connections be 

tween the engine and the motor-generator 
for the starting position, that is when the 
motor-generator is operating as a motor. 
As seen in Fig. 2, the end of the arma 

ture shaft (35, of the motor-generator, car 
ries a pinion 66. The fly-wheel 38 is formed 
upon the forward parts of its periphery 
with gear teeth 67. There is a shifting 
gear arrangement so arranged that these 
gears will connect up the motor pinion 
66 to the gear teeth 67 of the fly-wheel, 
or said gear's may be shifted laterally so 
as to break this gearing connection. The 
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exact construction of these parts is shown 
lmore clearly in Figs. 5 and 6. A stub 
shaft 70 projects from the framework 
of the motor-generator, being at its outer 
end suitably supported by a framework 71. 
Mounted to slide or shift iaiterally upon 
this stub-shaft are two gear wheels 72 and 
73 which are arranged to be clutched to 
gether in a manner to be presently ex 
plained. The gear wheel 72, which is the 
larger of these two, is arranged to mesh 
with the motor pinion 66; while the Smaller 
gear wheel 73 is arranged to mesh with the 
teeth 67 of the fiy-wheel 3S. The device 
for shifting these gear wheels 72 and 73 
forwardly and rearwardly on the shaft 70 
comprises a yoke 74 which projects into 
an annular groove formed in the sleeve 75 
extending from these gear wheels. This 
yoke is fast to a hub 76 said hub being 
pinned to a shaft, . The shaft, 77 extends 
forward from a similar hub which is the 
center part of the aforesaid aim 64 said 
arm being Operated by the starter pedal 42. 
Thus when the starter pedal is pushed for 
Ward so as to throw the connecting rod 44 
forward, this rocks the arm 64 and there 
by turns the aforesaid short shaft 77 so as 
to move the yoke 74 rearward (to the left 
in Fig. 6). This shifts the intermediate 
gears 72 and 73 to the left in Fig. 6 and 
brings the geal 72 into mesh with the motor 
gear 66 as seen in the position shown in 
Fig. 6. In this position the gear wheel 73 
is meshing with the teeth 67 of the fly 
wheel 38. In Fig. 6 the fly-wheel is shown 
removed for the sake of clearness, but the 
position can readily be seen from Fig. 5. 
Now when the starter pedal 42 is allowed 
to 'eturn to its normal position, this shifts 
the gear wheel 72 and 73 to the right, in 
Fig. 6 and withdraws the gear 72 from 
meshing with the motor pinion 66 and also 
withdraws the gear 73 from engagement, 
with the teeth of the fly-wheel. Now when 
the parts are in the position shown in Fig. 
6. which is the stating position, the ratio 
of the gearing is a multiplied ratio, that, 
is, the moto; pinion 66 can revolve at a 
fairly high speed, but the fly-wheel of the 
engine moves comparatively slowly so that 
thereby the motor may revolve rapidly and 
the engine may be cranked slowly by the 
motor or the pili"pose of starting. As seen 
above. When the starter pedal 42 returns to 
no'nal rearward position, the gearing con 
nection between the motor pinion 66 and 
the fly-wheel is broken by the shifting of 
the gears 2 and 73, and the other connect 
ing gearing between the engine and motor 
generator is brought into play, that is, the 
Cne to one ratio gearing, though the me 
dilum of the clutch members 60 and 61. 
which drive the motor-generator from the 
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engine as a generator. Usually it will be 
possible to make the gear wheels 72 and 3 
go into mesh respectively with the pinion 
66 and gear teeth 67, but if these geal's 
happen to be out of proper alinement for 
enmeshment upon this shifting, the initial 
movement of the moto pinion (56, by real 
Son of the starting up of the motol' current 
upon the shifting of the starte: pedal (as 
later (eXplained), would give the motor 
pinion enough movement to start to pick 
up these gea's and permit the lateral shift 
ing. Or if desired, some auxilially device 
could be litilized to give the motor a slow 
turning movement preliminary to the shift 
ing of these gears for enmeshment. Such 
a device forms the subject matte' of an 
other pending application filed by me June 
15, 1911, Serial Number 633,443. 

It has just been stated above that the two 
gear's 72 and 73 were arranged to be clitched 
together in order to turn the fiv-wheel by 
levolution of the motor shaft pinion (36. 
This clutch mechanism is shown in Figs. 
and T. and is of a well known foi'n. 
LOOSely mounted upon the aforesaid still)- 
shaft 70 is the said gear wheel i3 which has 
a laterally extending collar 80 ovel' which is 
fitted a tooth shaped can disk; S1, the shape 
of which is clearly shown in Fig. 7. This 
disk S1 is pinned to the gear 73 by pins 82. 
In the recesses between the disk Si and the 
inner periphery of the gear wheel (2 are 
friction rollers S3 which are normally 
Spring-pressed away from the disk 81 by 
SpringS 84. When the gear wheel (2 rotates 
in the direction of the arrow in Fig. 7 7, which 
is the direction of rotation under which it 
is driven when the motor revolves for start 
ing, the friction of the innel periphery of 
the gear wheel 72 callies the rollers 83 into 
the W-shaped portions of the recess between 
the disk S1 and the gear 72. This catases 
the gear 72 to drive the disk 81 and thereby 
drive the pinion gear wheel (3. This in 
turn drives the fly-wheel as is olivious from 
Fig. 5. If the motor is this brotight to drive 
the fiy-wheel and start the engine, then as 
Soon as the engine starts, it will naturally 
tend to Fevolve faster than the moto; would 
tend to drive it. in this case 3 is 
now driven by the engine. this driving the 
disk 81 and resulting in the friction jolei's 
S3 occupying the enlarged politions of these 
slots in which they reside. This prevents 
any fiction grip upon the gear wheel 72 so 
that the disk S1 and gear wheel 73 and the 
fly-wheel of the engine, can all revolve faster 
than the gear 72 while the gear 2 is driven 
slowly by the motor So long as the motor is 
running under its own current. Thispermits 
the engine to ruin ahead of the motor as soon 
as it has started. I have also arranged a 
preventing means which prevents the rean 
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gagement of the gear wheel 73 with the fly 
wheel after the engine has been started and 
the gears have been disengaged. By re 
ferring to Fig. 6 it will be seen that the end 
of the motor shaft 65 carries a centriftigal 
governor 90 against the end of the movable 
portion of which rests a blocking lever 91 
pivoted at 92 to a portion of the framework. 
The upper end 93 of this blocking level ests 
in a slot in the end of the shaft 0 and is of 
such length that when the yoke (4 is liloved 
to shift the gear wheels 73 and 72 to the 
right in Fig.6, the inner end of this pol 
tion 93 of the blocking lever, tends to spring 
up (under tension of spring 94) into dotted 
line position so that the end of the lever, Will 
abut against the outer end of the sleeve 
carrying the gear 73 and thus block the 
movement of the gear wheel 73 to the left. 
This movement of the blocking lever is per 
mitted when the motor has got up to Speed 
so that the governor balls separate and per 
mit the arm 91 of this lever to Spring in 
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ward. Thereupon as soon as the Opei'atol 
restores the starting pedal to normal posi 
tion, thereby shifting the gear's 72 and 78 
out of mesh with the fly-wheel, this blocking 
lever then prevents the gears from being 
shifted back again. Thus the result is that 
after the motor has started the engine, and 
the engine fly-wheel has got up to Speed, 
then if the operator returns the starter pedal 
to normal position and disengages the gear 
73 from the fly-wheel, these parts cannot 
again be engaged until the motor has stopped 

This pre 
vents injury to the geal's by tying to force 
them into mesh when running at too high a 
speed. This mechanism forms the Subject 
matter of my co-pending application, Serial 
No. 22,310, filed April 19, 1915. 

I will now describe the electrical connec 
tions and arrangements the purposes of 
which have been referred to above and 
which operate in conjunction with the use 
of the aforesaid starter pedal. 
As has already been explained with refer 

ence to Fig. 1 the pedal 42 is connected to 
and operates the sliding rod or link 47 which 
operates the switch or controller 4S shown 
diagrammatically in Fig. 1. It is this con 
troller which governs the operation of the 
electrical devices and controls the Various 
circuits thereof for the purposes outlined. 
This controller is shown in Figs. 11 to 16 
inclusive, and in Fig. 16 is shown the same 
connecting rod 47 which operates the con 
troller in a manner later to be explained. 
A spring 104 (shown in Fig. 1) operates 
upon the pedal 42 to normally tend to bring 
the pedal back to rearward position, thus 
automatically returning the switch connec 
tions to normal position and automatically 
disconnecting the mechanical gearing con 
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nections between the engine and the electric 
motor. Before describing this controller in 
its mechanical detail however, the electrical 
circuits and arrangements will first be de 
scribed in connection with diagrammatic 
views for the sake of simplicity in under 
standing the construction and operation of 
the controller which in itself is somewhat 
complex in structure. 

Figs. S and 9 represent diagrammatic 
views of certain parts of the apparatus, 
while Fig. 10 represents the complete cir 
cuit arrangements, the diagrams being sepa 
rated in this mannel for the sake of sim 
plicity and description. Referring to Fig. 
S, the motor-generator 4} is shown having 
its field wound differentially with shunt and 
series Windings. That is, there are the shunt 
field coils 130 and the series field coils 131, 
said coils being wound differentially, that 
is, Wound oppositely so as to oppose each. 
other in magnetic effect when used together 
for exciting the field. The storage battery 
is shown at 133, representing the battery or 
set of cells which are utilized to supply cur 
rent to drive the motor-generator as a motor 
and in return to be charged by the latter 
when running as a generator. As will be 
described presently, when arranged for 
starting, the series winding 131 is alone 
used, whereas for the charging position of 
the controller, the differential windings, 
namely shunt field 130 and series field 131, 
are used. But in this charging arrange 
ment, it is desirable to have some device for 
controlling the extent of charging of the 
batteries so as not to overcharge them 
beyond the point of saturation. This is ac 
complished by means of an electric meter 
placed in series in the charging circuit and 
controlling certain resistance in the shunt 
field of the generator. This subject matter 
is described and claimed in my co-pending 
application, Serial No. 628,813, filed May 22, 
1911. This electric meter 134 (Fig. 8), is 
operated by the flow of the current through 
it, to revolve the contact pointer 135. This 
contact pointer controls the resistance device 
just referred to, in the following manner: 
The lead wires 136 extend from the genera 
tor and from the shunt Windings 130 to con 
tact strips 137 and 138. Located between 
these two strips are two other strips 139 
and 140. Normally the contact strips 137 
and 139 make contact at their outer extremi 
ties through the contact points 141, and 
similarly the contact strips 138 and 140 nor 
mally make contact through the contact 
points 142. At the outer end of the contact 
strip 140 is a pin 143 arranged to strike the 
contact strip 141 when the strip 140 is 
moved to the left in Fig. 8, thus separating 
or breaking the connection between strips 
137 and 139. Contact strips 139 and 140 are 
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connected together at their inner ends as 
shown, and a wire 144 extends therefrom to 
an illiter mediate point between two resist 

coils 145 and 146 which are bridged 
: Ci'OSS between the lead Wiies 136, as shown. 
The operation of this device is as follows: 

When the batteries are being charged, the 
pointer 135 noves in the direction of the 
full line arrow in Fig. 8. At the point 
of Saturation of the batteries, the parts are 
SO alianged that the pointer will at that 
time come in contact with the strip 140. 
The first, effect thereof is to separate the 
contact strips 138 and 140. Before such 
separation, the shunt-field circuit was made 
thi'ough the wires 136, contact strips 137, 
139, 140 and 13S, thereby short-circuiting 
the resistance coils 145 and 146. But the 

f the contact, strips 140 and 138 
nakes it necessary for the current to flow 
through the strips 13 and 139, thi'ough 
the vire 144, and then through the resist 
ance coil 145.—that is the current in the 
sh int-field. The Jesuit is that this l'esist 
ance thereby introduced into the shunt-field 
weakeins the current in the shunt-field, and 
O) account of the ari'angement of the field 
windings, this weakens the current flowing 

| "Gugh the main lead wires 14 and thus 
weakens the current delivered to the storage 

Now the further movement of 
pointer i35 in the same direction carries 
strip 140 still farther to the left so that 

the in 143 strikes the strip 137 and breaks 
the contact, between said strip and the strip 
39. This obviously throws the other re 

sistance coil 146 into the shunt-field cii'- 
cuit, thereby introducing still gi'eater 'e- 
sistance therein. (See Fig. 9 for position of 
parts at this stage.) This still further re 
duces the strength of said shunt-field and 
like 

l 

kewise 'educes the strength of the main 
current delivered to the storage batteries. 
By making these l'esistance coils of Sufi 
cient resistance, the charging cul'!'ent may 
in this way be reduced to a negligible quan 
tity at the point when the batteries are sat 
urated. From the main lines 147 extend 
lead wires 150 which ai'e used for tapping 
off of this storage battery circuit, the neces 
ry current fol' the ignition apparatus 
own diagrammatically at 151 and the 
hting devices shown diagrammatically at 
2. Thus assuming that the batteries have 

een charged to point of Saturation and the 
irging current reduced to minimum in the 

anner described, then if the ignition and 
hting systems are put into Operation, 
ped off of this storage battery circuit, 
use of the substantial amount of Cui'I'ent 

s 
. 

5 i. 

aroy in Fig. 8. This retracts the pointer 
135 from contact with strip 140 so as to re 
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store the parts into position shown in Fig. 
S in which resistance coils 145 and 146 are 
short-circuited so that the shilht field may 
have its maximum effect. Then the chai'g- 
ing may go on as previously explained. The 
Strips i3 and 140 may be of spring ma 
terial So that they normally assume the 
straight position shown in Fig. 8. Now the 
l'educing of the charging current to a mini 
mum, when the batteries have reached point 
of Saturation, may be sufficient, but it may 
be also desired to break this charging cur 
rent altogether at Such point; and for that 
reason have introduced an aritomatic cut 
Out as shown in iFig. 9. This cut-out, colm 
plises two coils 160 and 61 the forme!' 
being a low-l'esistance coil and the atter 
a high-resistance coil. Wotland upon a core 
162. A right-angle armat lie j63 is con 
nected to the coil 60 and when attractive 
by the core 162, makes contact with the 
overlying strip 164 which is connected 
by a wire 165 with the main line of 
the electric meter and storage batteries. 
Both coils 60 and 161 are connected at the 
point 166 with the tippel' wire 147, and the 
other end of the coil 161 is connected by 
Wile 167 with the lower wire J47. In the 
position of the parts of this cut-out shown 
in Fig. 9, the storage batteries are normally 
disconnected from the circuit coming from 
the generator, since the amature 163 and 
contact strip 164 are separated. Thus when 
the generato' starts to turn for beginning 
the operation of charging, the current 
through the Series field and wires 14, first 
has to build up through the high-resistance 
coil 161 SO to attract the al'mattle (53 
to the col'e J62 and thus close the cii'cilit 
through the strip 164 and thereby pit, the 
storage batteries into the main cha}'ging 
circuit. This movement of the amatti'e 
163 enables the main cuilent to pass through 
the low resistance coil 160 to the stoi'age bat 
teries, thereby maintaining the contact 
closed against the strip 16:... it will low be 
Seen that the cut-out operates to 'event the 

S 

Current from the storage battery dischai'g- 
ing back through the genei'ato' in case the 
generator should slow up so as to reduce its 
current by slackening of speed. That is, 
the kick-back of the current from the 
storage battery, running thirough coil 160 
'eversely would break the circuit connection 
between the almature 163 and stip 164. 
The spring 16.3° 1'estores armattire 163 to 
the position of Fig. 9. This cuts the storage 
battery out of the generator circuit, and 
leaves the generator circuit I'llining thi'ough 
the high resistance coil 161, wherein the 
current is now too Weal, On account of the 
slow speed of the genei'ator', to energize the 
core sufficiently to restore the contact with 
the strip 164. This is a well known opera 
tion of electrical cut-outs, but I have made 
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use of the cut-out in this position not only 
to operate as a cut-out in the mannel' just 
explained, but also to cut off the storage 
battery circuit connection completely when 
the point of Saturation of the batteries is 
reached. That is, when the electric meter 
pointer 135, has moved to the position of 
saturation of the batteries, as shown in Fig. 
9, thereby throwing the resistance coils 146 
and 145 into the shunt-field circuit as 
already explained, this Weakens the shunt 
field and minimizes the charging current 
coming from the generator to such an ex 
tent that it is similar in effect to the slowing 
up of the generator in Speed. That is, the 
batteries kick-back or overcome the charg 
ing current and thereby operate the cut-out 
to cut the batteries out of circuit altogether. 
Thus it will be seen that the operation of 
the electric meter is first to weaken the 
charging current at the point of Saturation 
of the batteries, and then break this charg 
ing circuit altogether by means of this cut 
out, which is the same cut-out which oper 
ates in this manner to effect the breaking 
of this charging circuit when the charging 
current becomes weakened for any other real 
son such as slowing up or stopping of the 
generator. It will be seen from this par 
ticular arrangement of the differential wind 
ings of the generator, that when the gen 
erator first starts to operate, the field is . 
built up in the shunt windings and the cur 
rent gradually begins to rise in the main line 
and also in the series winding. The series 
winding being opposed in effect to the shunt 
winding, this rise of the current therefore 
has the effect of gradually bringing the two 
fields into a point of balance so far as con 
cerns their combined effect on the field. 
Therefore the charging current rises rapidly 
at first and then reaches a point where the 
increase in speed of the generator produces 
but very little increase in the charging cur 
rent. This is particularly advantageous in 
an apparatus of this sort designed fol' 
charging purposes where the generator may 
have variable speeds within wide limits and 
sometimes rather excessively high Speeds. 
In such event the current soon rises to its 
maximum and then rises beyond that only 
very slowly. The relationship between the 
shunt and the series windings respectively 
is of course suitably arranged as to the num 
ber of turns to effect the reaching of the 
maximum current at the desired point. It 
may be desired however to reach this maxi 
mum charging current more quickly, that is, 
to reach it for lower speed of the generator 
so that the generator will be charging the 
batteries over a longer period of time in the 
ordinary varied operation of the device. To 
accomplish this I provided an iron Wire by 
pass or short-circuit resistance 170 shown in 
dotted lines in Fig. 9. This resistance may 

be of any suitable nature which is variable 
With the condition of the current flowing 
therethrough. Iron wire has the property 
of increasing its resistance when heated up 
under the influence of increasing current 
flowing through it. Thus it will be seen 
that with this arrangement, the iron Wire 
When cold at the outset, forms a short cir 
cuit around the series field. Therefore the 
Opposing effect of this field is nil in the 
early Speeding up of the generator. There 
fore the current, under the excitation of the 
shunt-field, rises very rapidly to a maximum 
and sends the charging current through the 
iron wire resistance 170. The rising of the 
current therein however heats up the wire 
which in turn increases the resistance and 
thus begins to send the current through the 
Series winding 131 which then causes the 
opposing effect in the field to take place as 
previously explained. This produces this 
balancing effect so that the current then 
stands at its substantial maximum without 
any material increase with the increase of 
speed of the generator. 

I will now describe in diagrammatic form 
the connections for rearranging the batteries 
for starting and for charging such that they 
are in series for starting the motor, and in 
multiple for being charged by the genera 
tor; also whereby the motor is used with 
its Series winding alone for starting as a 
motor but With the shunt-series arrange 
ment for generating. In this connection it 
may be stated that as the accompaniment to 
this shifting arrangement, the same switch 
controller which accomplishes this, also 
eliminates the cut-out device for the starting 
Operation. These arrangements are shown 
diagrammatically in Fig. 10. The arrange 
ment of storage batteries is shown at 
the light in Fig. 10, with the batteries 
grouped in four sets of three cells each. 
This would make twelve cells in all which 
at approximate Voltage of two volts each 
would give approximately 24 volts if the 
cells are all used in series. As will presently 
be seen, these cells are used in series to give 
this 24 volts for starting, that is for driving 
the motor-generator as a motoi to start the 
engine. Whereas in the charging, the cells 
are ari'anged in multiple series having four 
groups as shown, each group having three 
sets in Series and these groups being ar 
ranged in parallel for charging so that the 
charging takes place practically at six volts. 
In this arrangement of the connections for 
accomplishing the shifting of the storage 
batteries in this manner, the dotted line con 
mections represent the positions of the shift 
ing Switch controller when the device is ar 
ranged for charging, while the heavy line 
connections represent, the positions for the 
Switch controller in the starting arrange 
ment with the batteries all in series. This 
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will be explained presently in detail. This 
shifting of the connections for the purpose 
explained is accomplished by a mechanical 
controller the construction of which will be 
hereinafter shown in detail but in this iig. 
10 the shifting is shown diagrammatically 
and the various parts and terminais in 
volved therein will be numbered so that they 
can be identified with the mechanical parts 
(used in the controller shown in Fig. 11 and 
the succeeding figures relating thereto. The 
electric meter 134 is shown at the left in 
Fig. 10 with the alrangements for controlling 
the shunt-field of the motor generator 41 as 
has already been explained with reference 
to Figs. S and 9. The cut-out device ex 
plained in Fig. 9 is shown about in the cen 
ter of Fig. 10 and its operation will readily 
be understood in connection with the ensul 
ing description of Fig. 10. The iron Wire 
'esistance 170 is shown in a different loca 
tion in Fig. 10 from what it is shown in Fig. 
9 but the actual location as a by-pass or 
short-circuit around the series winding of 
the motor-generator, for the charging con 
dition, is still the same. One of the lead 
wires 136 extending from the shunt Winding 
130 leads to the previously described resist 
ance coils 145 and 146 and extending from 
the other side of these coils is a lead wire 
200 which connects with a contact point, 201. 
This contact point 201 is shown connected 
by a dotted line or electrical connection 202, 
with a contact point 203. From this point 
203 a lead wire 204 extends back to the 
brush 205 on the motor-generator. The iron 
wire resistance 170 is located between the 
contact point 201 and another contact point 
206. A dotted line or electrical connection 
207 is shown connecting the point 206 with 
the contact point 208. From this point a 
lead wire 209 extends to connect up with the 
lead wire 147 which goes back to the series 
winding 131 of the motor-generator. The 
said contact point, 208 is shown connected 
by heavy line of connecting strap 210 with 
a contact point 211. It will be under 
stood that in this case as in the succeeding 
ones, the dotted line 207 represents the posi 
tion of a certain electrical connector when 
the paits are arranged for chai'ging, where 
as the heavy line 210 represents the shifted 
position of this electrical connector for the 
condition of starting. Thus the lines 207 
and 210 represent really the same element 
which shifts to connect the point 208 either 
with the point 211 or the point 206. The 
same system is diagrammatically used for 
the othar shifting connections as will pres 
ently appeal'. A lead wile 212 extends fron 
the point 211 to form a common Wire for 
connecting up to one side of the batteries 
when arranged in multiple-series for charg 
ing purposes. From this wire 212 there 
extends from the point 213, a lead. Wire 214 

1,171,055 

which connects with the previously de 
scribed contact strip 164 forming part of the 
cut-out device. The al'mature 163 of this 
cut-out device is connected with the afore 
said coil 160 which in tuin is connected with 
the common point 166 to which the other 
coil 161 is connected as previously explained 
in connection with Fig. 9. The position and 
connections of this cut-out, device Will there 
fore readily be undel'stood from his and the 
previous description. Going back to the 
battery connections, the connon wire 212 
has extending downward from it, for the 
fourth set of cells, the set at the left in Fig. 
10, a lead wire 215 which connects with a 
contact point 216. This point, 216 is con 
nected by a dotted line Ol' electical connec 
tion 217 with a contact point 218. From 
this point 218 a connecting Wire 219 extends 
to the left-hand Ol' fourth set of three cells, 
of the storage battely. The four different 
Sets of cells are designated by roman numer 
als in Fig. 10, also with their positive and 
negative terminals for the sake of conven 
ience. From the opposite side of this set 
of cells No. V., a lead wire 220 extends 
downward to the common ville 147 which 
leads back to the other brush 205 of the 
motor-generator (th"ough the electric meter 
134). These variotis connecting wires and 
Contact points are numbered in detail in this 
manner so that the parts may be identified 
On the figures relating to the mechanical 
Switch controller subsequently to be de 
Scribed. Leading from the contact point 
218 is the heavy line or connecting strap 221 
which connects with the contact point 222. 
As previously stated this heavy line 221 
l'epresents the shifted position of the dotted 
line connection 217 and vice versa. A lead 
Wire 223 extends from the contact point 222 
to a contact point 224 on the opposite side 
of the third set of three cells of the storage 
battery, set No. ii. From this point, 224 a 
dotted line connection 225 is shown connect 
ing with the contact point. 226 from which 
a lead Wire 227 extends which connects with 
the aforesaid common 'eturn wire 47. The 
heavy line 22S is shown connected with this 
Saline point 224 to represent the shifted po 
sition of the connection 225 when breaking 
the connection between the points 224 and 
226. Without l'epetition of the details of 
the connections for the other sets of cells of 
the Storage battery, it is thought, that the 
previous description will make it clear just 
what the System of connections is, making 
tise of the dotted and heavy lines for the 
l'espective shifting positions. As previously 
Stated these valious parts are numbered 
Separately in older to identify then more 
clearly on the figures showing the actual 
mechanical parts of the Switch control:e' in 
Figs. 11 et Sequitur. Exact tracing out of 
these connections will now be explained for 
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the two stated conditions of the circuits, 
first for starting and secondly for charging. 
It having been stated that the heavy lines 
of these V-shaped shifting elements repre 
sent the positions of these parts for the 
starting operation, it will be assumed first 
that the heavy lines in such cases represent 
the actual connection and that where the 
corresponding dotted lines are shown, there 
is no cross-connection. Therefore to trace 
the complete connections for the starting 
condition, the circuit may be considered as 
starting at the lower side of the right-hand 
set of batteries or cells, that is set No. 1, 
the circuit extending through the lead wire 
230 to the point 231, thence to the connect 
ing wire 232 to the point 233, heavy line or 
connecting strap 234, point 235, lead wire 
236, to the second group or set of cells, No. 
11; then lead wire 237, point 238, lead wire 
239, connector 240, point 241, lead wire 242, 
to the third of the group of cells, then lead 
wire 243, point 224, lead wire 223 to the 
point 222, then connector 221 to the point 
218, lead wire 219 to the left-hand or fourth 
group of cells; lead wire 220, wire 147, meter 
134, brush 205 of the motor, through the 
motor to brush 205, thence through the se 
ries coil or winding 131, lead wire 147 
through point 250 to lead wire 209, point 
208, connector strap 210 to point 211; and 
thence by lead wire 212 back to the other 
side of the right-hand or first set of cells 
of the battery. It is obvious that from these 
connections, the cells are all arranged in se 
ries so as to give 24 volts through the motor 
for starting purposes, thus giving high volt 
age. It will likewise be seen that the shunt 
field winding 130 is cut out of operation in 
this starting condition because of the gap 
represented by the dotted line 202, also the 
gap represented by the dotted line 207, 
which represent different places in the shunt 
field circuit. This gives high voltage 
through the motor for starting and a series 
wound motor to give high torque for the 
purposes and with the advantages hitherto 
referred to. It will likewise be seen that be 
cause of the high resistance of the coil 161 
of the cut-out, this cut-out is not in opera 
tion for any purpose during this starting 
operation. The electric meter is however in 
the circuit during this starting operation 
so that any current used on this account will 
run through the meter and revolve its 
pointer in the direction of the dotted arrow 
so as to require the charging of the batteries 
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to replace the current used up for starting 
purposes, thereby rotating the pointer in 
the reverse direction as previously explained 
in connection with Figs. 8 and 9, until the 
batteries are again saturated. This condi 
tion of the switch or controller and the dia 
grammatic connections for the charging will 
now be explained. s. . . . . . . 

9 

Starting at the generator this time, the 
current first rises in the shunt field through 
the brush 205, lead wire 204, to the point 
203, then by the dotted line connection 202 
to the point 201, then back by the lead wire 
200 through the controlling resistance coils 
145 and 146 or the various contact strips 
138, 140. 139 and 137, back through the wire 
136 to the shunt field coil 130 to the other 
brush 205. Thus the shifting of the con 
nection to the dotted line position 202 brings 
the shunt field into operation so that the 
generator now for charging has the differ 
ential winding arrangement. The current 
having energized the shunt field, the cur 
rent may now be traced in the main charg 
ing circuit from the brush 205 through the 
series coil 131, to the lead wire 147. It will 
be seen that the iron wire by-pass resistance 
is now short circuited around this series 
field coil 131 by reason of the fact that the 
dotted line connection is made at 207 be 
tween the points 206 and 208. This repre 
sents the same by-pass or short-circuit by 
the iron wire 170 as previously referred to 
in Fig. 9, for the purpose of making the 
quick rise of the charging current as already 
explained. Continuing then on the main 
circuit which may be considered as running 
either through the iron wire 170 or through 
the series coil 131 to the common meeting 
point 250, the main charging current then 
runs through the high resistance coil 161 of 
the cut-out device, back through the con 
necting wire 167 and lead wire 147, to the 
other brush of the generator. As soon as 
the current has then risen to the sufficient 
extent to operate the armature 163, as pre 
viously explained, the main current may 
then flow through the coil 160, armature 
163, contact strip 14, lead wire 214, to the 
common battery wire 212. From thence the 
current flows through the Wire 215, point 
216, connecting strip (dotted line) 217, 
point 218, wire 219, through the fourth set 
of storage cells, then by the wire 220, back 
to the common lead wire 147 on the other 
side of the batteries, and back to the gen 
erator. At the same time that these three 
cells are being charged in this manner, all 
the other three sets of cells are being 
charged in parallel with the first set, by real 
son of the fact that from the common Wire 
212, there extends the lead wires 251, 252 
and 253 to the upper sides of the other 
groups of three cells each, the lower sides 
of which groups are connected by the lead 
wires 224, 237, and 230, to their respective 
points 234, 238, and 231, and thence through 
the connecting straps (dotted lines) 225, 
254, and 255, to the respective points 226, 
256 and 257, and thence by wires 227, 258 
and 259 respectively, to the common return 
wire 147 back to the generator. Thus under 
these dotted line connections (the heavy line 
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connections being considered eliminated), 
the genei'ator is now in its condition for 
charging the batteries in multiple series ar 
rangement of our groups in parallel With 
three cells in series in each group, and the 
generator has its field wound with the dif 
ferential winding arrangement. The iron 
wire 170 is also included in this charging 
arrangement but of course if desired it may 
be dispensed vitly without affecting the rest 
of the circuit. it may be noted that as one 
part of this advantageous arrangement, the 
series coil which forms one of the field 
windings for the differential arrangment of 
the generator for charging, is the same Se 
lies coil which is alone made use of as a 
series-wound motor for the starting condi 
tion. 

I will now describe the electrical connec 
tions for taking of the lighting circuit, also 
the circuit for the ignition. It is of course 
desirable that this lighting and ignition cir 
cuit be so taken from the storage batteities 
that the electric meter will be included 
therein so as to heasure the current which 
connes from the storage batteries either fo!' 
lighting or ignition purposes Ol' both 
Therefore after cul'rent has been consumed 
for this purpose, the running of the engine 
can recharge the batteries to the extent re 
quired to make up the loss occasioned by 
the use of this client. Just to the left of 
the electric meter shown in Fig. 10, is the 
lead wire 150 which forms one line for con 
nection with the lighting and ignition cir 
cuits. This wire connects at the point 300 
with one side of the light circuit for the 
electric lamp 152. The otheir side of this 
lamp circuit comprises a lead wire 301 which 
gxtends over to the upper side of the fourth 
or left-hand group of cells, connecting with 
the lead wire 219 thereof. The previously 
described lead wire 220 connects from the 
other side of this fourth group of cells, to 
the lead wire 147, and back through the 
meter 134 to join the aforesaid light line or 
lead wire 150. Thus it will be seen that the 
lighting circuit has a constant connection 
from one of the groups of three cells, so that 
said single group of three cells supplies six 
volts through the meter to the lighting cir 
cuit at all times, irrespective of any position 
of the switch controller, that is of the dotted 
line and heavy line connections above re 
ferred to. This arrangement is particularly 
advantageous because there is no flickering 
of the lamps with the shifting of the con 
troller from one position to the other for 
the stating or the charging arrangements. 
This six volts is sufficient for the ordinary 
purposes of a lighting system in an appa 
ratus of this sort when lised more particul 
larly in connection with the starting of all 
tomobiles. Of course as many lights as may 
conveniently be necessary can be tapped off 
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of this lighting circuit up to the proper 
limit, said lights being used for head-lights 
or side or end lamps oi' fol' any other pull 
poses in connection with the car. Under 
this arrangement the batteries are charged 
by the generator at six volts, the cells being 
arranged in multiple series for this purpose 
and this can go on while the lighting cil'- 
cuit is in operation to light the lamps. The 
batteries are charged equally under this 
group arrangement, that is there is an equal 
distributive effect in the batteries upon 
charging. And by tapping off the lighting 
circuit from a six-volt set, the generato' is 
furnishing the pi'oper or required six volts 
for charging ol' fol' lighting in case the bat 
teries have been discharged to a point where 
they are just even with the lighting con Sumption. 

I will now describe the ignition circuit 
connections. This ignition system is shown 
at the lower left-hand part of diagrammatic 
Fig. 10 and is tapped of of the same part 
of the circuit which provides the lighting 
current. The wires 310 and 311 lead to a 
pole-reversing switch 312 which when shift 
ed to the dotted line position changes the 
direction of current through the ignition de 
vice. This is advantageous for the reason 
that since this is a continuous direct current 
flowing in one direction from the storage 
batteries, the 'eversing of said client occa 
sionally by the turning of this switch will 
minimize any disadvantage which inight re 
sult from having the ignition current flow 
always in one direction through the appa 
Fatus. The key 313 represents an ordinary 
make-and-break device for the purpose of 
producing a spark in the cylinders of the 
driving engine of the car. 314 represents 
in diagrammatic form the ordinary induc 
tion coil containing primairy and secondary 
coils. The secondary is connected by wire 
315 with the ordinary form of spark plug 
316. Thus the making and breaking of the 
contact at 313 causes sparks in the spark 
plug 316 for the regular and usual ignition 
purposes. 320 is an iron wire resistance in 
troduced in this ignition circuit with the 

3. 

3. 5. 

S. 

primary of the induction coil. The purpose . . . 
of this resistance is to prevent the batteries 
from being run down o' depleted in case 
the engine should happen to stop on con 
tact. In such event the key 313 Would be 
closed and would remain closed so that the 
ignition circuit would be closed and would 
tend to run down the batteries, but the cur 
rent running through this iron wire 320 
heats the same up to such an extent that its 
resistance very materially increases and 
thereby diminishes the current flowing 
through the ignition device. Of course ordi 
narily the usual provisions would be present 
for disconnecting the ignition circuit in the 
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gine so that this device would become im 
portant only in the event that such breaking 
of ignition circuit was omitted and at the 
same time the engine happen to stop On the 
contact. In such combination of events the 
iron wire resistance would come into play 
to prevent depletion of the batteries as just 
described. This device just referred to is 
described and claimed in my co-pending ap 
plication, Serial No. 643,547, filed August 
11, 1911. 
Having now described the arrangements 

for shifting from the starting to the charg 
ing conditions I will now describe the me 
chancial construction of the Switch or con 
troller which accomplishes this shifting, 
that is which accomplishes the shifting of 
the circuit connections corresponding to the 
dotted and heavy line connections above re 
ferred to in connection with diagrammatic 
Fig. 10. 
The controller has two supporting end 

frames 400 (see Figs. 11 and 13). These 
frames are shown in dotted outline in Figs. 
14-16. Extending horizontally between 
these two opposite end frames, are four 
shafts 401, 402, 403 and 404. On these 
shafts are mounted various contact plates of 
different shapes as shown in the vertical Sec 
tional views Figs. 14, 15 and 16, and to these 
contact or conducting plates are attached 
wires leading from the various parts of the 
electrical apparatus as will presently be ex 
plained. 
Mounted in the lower portion of the 

framework of the controller, is a rock shaft 
405 which extends horizontally across the 
controller and has mounted upon it a plu 
rality of contact arms the various shapes 
of which are shown in the figures referred 
to. A cross shaft 406 extending horizon 
tally just above the shaft 405, connects all 
of these contact arms mechanically so that 
the rocking of the shaft 405 rocks all of 
these aims together from one side to the 
other, Fig. 14 showing the arms in the 
left-hand position and Fig. 15 in the right 
hand position. The various contact arms 
carried by the rock shaft, and the various 
contact plates carried by the side cross 
shafts, are separated by suitable insulating 
material 407 clearly shown in all of the 
figures referred to. The rocking of the 
shaft 405 is accomplished by means of an 
arm 408 attached to the oute end of said 
shaft and connected to the aforesaid rod 
47 which is separated from the foot pedal 
42. Normally the rod 47 and the rock shaft 
405 with its connected parts, are in the posi 
tion shown in Fig. 16. This is the charging 
position when the pedal 42 is in its rearward 
or normal home position. When the foot 
pedal 42 is pushed forward for starting as 
previously explained. the rod 47 is pulled 
in the direction of the arrow in Fig. 16, 

which pulls the arm 408 downward and 
rocks the shaft 405 so as to carry the contact 
arms to the other shifted position as will 
more clearly be referred to later. Figs. 11 
and 12 are top views of the controller where 
she operating arm 408 is at the right-hand 
side. Thus it will be seen that the position 
of the rock shaft 405 and the cross shaft 
406 carrying the various rocking contact 
plates, is shown in Fig. 11 as in the charg 
ing position, whereas in Fig. 12 the operat 
ing alm 40S has been operated downward 
sufficiently to rock the shaft 405 and carry 
the ci'oss shaft 406, With the various con 
tact arms, in the opposite position, which 
is the starting position. The vertical Sec 
tional vie's taken for Fig. 16 is along the 
line 18-18 of Fig. 11, that is at the light 
hand end of Fig. 11, looking in the direction 
of the arrows. Fig. 15 on the other hand, 
is a vertical section on the line 17-17 of 
Fig. ii, looking in the opposite direction 
as indicated by the arrows. Therefore Fig. 
15 is also for the charging position of the 
parts, the ci'oss shaft 406 being shown 
rocked to the right-hand side because of 
the direction of view being opposite to that 
of Fig. 16. Likewise Fig. 14 is a vertical 
cross section on the line 3.6-16 of Fig. 12 
looking in the direction of the arrows. 
Since fig. 2 is for the starting position, 
likewise Fig. 14 is therefoie for the start 
ing position as shown. It will be now 
readily understood that this system of con 
tact alms which are oscillated back and 
forth about the irock shaft 405 as a pivot, 
and connected by the ci'oss shaft 406, are 
the various contact strips which correspond 
to the previously described heavy ines and 
dotted lines in the diagrammatic Fig. 10 
where the heavy lines have feel assumed to 
be noved to the dotted line positions for the 
charging condition. This the novement of 
the rod 47 and the rocking of the shaft 405, 
innoves this systein of contact, a 'as to One 
side of the other of this switch Oi controller, 
for the purpose of connecting the electrical 
devices for starting (when in the positio: 
of Fig. 12) and for charging (when in 
position slow in in Fig. 11). These satios 
oscillating contact arms have two varieties 
of shapes, one having an enlarged or ex 
panded head as shown in Figs. 14 and 16, 
and the other a narrow head as shown in 
Fig. 15. The purpose of the wide) or ex 
panded head is to enable this connecting 
arm to bridge across between the two side 
contact plates as shown in Fig. 6, while 
the narrow lead variety such as shown in 
Fig. 15, merely makes contact with one of 
the side strips thereby connecting that strip 
with this overlapping contact arm. These 
various side contact plates aid the intel'. 
mediate oscillating contact arms are in In 
bered to correspond with the parts repre 
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matic Fig. 10. So that, airly 234 and is connected by : 
Fig. 15 the light-hand side strip 235 - (see also Fig. 3) 

he point: 206 236 which leads to the pits si 
imatic figure, the contact aim set, No. 2, the negative side ( 
i.epresented by dotted line nected to the lead wire 23 O s } 

10 (also the heavy line 210 lead wire is showil just to the 
o the other position). And 236 in Fig. 12" and is connected 

late 208 shown in Fig. 15 is contact, plate 233 which coi'i'es 
plate corresponding to the point 238 in fig 

C. Fig. 10, which connecks the lecting wire 239 
act, allin 20 with the lead wire contact ai'in 240 r - 
tracing out the similar parts his conducting plate c the point 
id 16, it will be understood 2:1 which has a connec sho Yin in 
spoiding parts imay be simi- Figs. 12 and 3, whic y'ile 

5 identified with the parts shown in 24:2 leading to the positis' 
'aihinatic Fig. 10 aid their identity set No. 3. Thence the circiit 

early in connection with the battery set No. 3, £he leg 
- if . r tion of the exact con- which is connected 

conti'olie' for the two differ- ville is show is at the ief of wire 23. 
20 litions oil staiting and charging. 12 and is connected to the side 

Crder to Set, forth these connections more (point 224 in Fig. 10) and thence 
clearly. Figs. 11 and 12 are provided the coinecting stra 223 to the 
Yhich cori'espond exactly with the positions where the shifting contact airm 2 

N. . 11 and 12 respectively. line ii Fig. 10) connects to point g S 25 2 being diagrammatic. ii) iig. 12* and 1:3 is shown coin hected ly 
ild 11 represent the con- strap 218 to the wit'e 239 which leads to 
'ging, and figs. i2 and the positive side of the lattery set No. 4. 1 41412; litt J. S. 4 till po: u Sit , of tne attery set '' (). i. 

e coalections for starting. Then the circuit, i.eads thi'oigh the bat: eity 
diagrammatic views, the to the Wire 220 which of course is coilijected 

3 pai’atus 95 ach case are used to assist to the other parts of the electrical a 
: the electrical connections showi) in Fig. i0 and not fo: Inning art of 

Ely: e parts are timbered just the Switch contFolle!". Thein the circuit is 
as El albeited in diagrain natic Fig. completed through the Wire 209 (shown to 
G is injections may be readily the left of wire 243 in Fig. 12) which con 

35 lice ison of these two diagram- nects to the point 208 and thence by the 100 
. 

circuits. For example, talk- condit citing sti'a 250 to the point 211 which 
(arting condition. This is is connected to the common wire 212 leading 

igs. 12 and 12 by the back to the wire 253 which is shown in the 
ons in diagrainmatic Fig. lower light-hand coi'nei of Fig. 12 and 
the lower side of lattery which exteids to the positive side of battery 105 

2 
) 

S the right-hand set in Fig. Set No. 1. It will thus be seen that this 
side of the battery for con- completes the circilit, through the batteries 
ker with the negative sign, in series such as described for the coalition is {{{y is in: 

(-), this negative side of the battery is for starting; and the parts are numberec 
co; rected to the lead wire 230. Therefore in this diagranilatic view 

ead wire 230 is shown in the respond with the similar parts is diagran 
tipper right-hand coine', (when this sheet matic Fig. 10 and also to the actual me 

it so that the signatures chanical parts shown Oil Figs. 11-16. 
the bottom) as coming The coininections foi' the chai'ging position 

s 

r Vy 

1. 

30 ise side of battery No. 1 and will now be described with particiai' refer - 115 
i.e. contact plate 231 which ence to iig. 11, Supplemented by Fi 
on diagrammatic Fig. 10. Tig. 18 and diagrahimatic Fig. 10. 

is coninected by the connect- with the inctor-genei'atoi'. 
h the next, side contact this blish is connected by 

SS ch is the point, 233 on Fig. 16. in Fig. 10, which wire 
g strap or wire 232 is shown upper left-hand corner of Fig. 11, at 

oy a conducting collar tached to the side contact plate 203 
the two side contact which is the point, 203 on Fig. 10. Then the 
Then the curved con- centel' contact artin 202 (dotted line Fig. 10) 

(; !. On Fig. 12 represent the connects across to the side contact plate 201 125 
ai'in shown in heavy (point 201 Fig. 10), and his is connected 

- --. 12 and connecting the point directly to the Wile 200 which is connected 
233 with the point 235. This point, 235 on to the 'esistance coils 145 and 146 contained 
Fig. 4 is a center contact strip which in in the shuilt-circuit of generator as 

35 leality is the lover part of the oscillating shown in Fig. 10. It will also be seen that 120 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



10 

20 

2 5 

40 

- - - 

5 5 

05 

1,171,055 

the side contact plate 201 is directly connect 
ed with the iron wire resistance coil 170 
(See also Fig. 10), which coil 170 extends 
acroSS to the side contact plate 206 corre 
sponding to point 206 in Fig. 10. Then the 
shifting central contact aim 207 (dotted line 
Fig. 10), connects across to the central con 
tact plate 208 which is connected by strap 
208 with the previously described wire 209 
which leads back to the main line of the 
motor-generator circuit, thus completing 
the shunt-field circuit with the iron wire 
coil 170 as a by-pass ai'ot ind the series coil 
as previously explained. Following now the 
main line of the motor-generator circuit, as 
it goes from the brush 205 through the 
series coil and through the lead wire 147 to 
tle cut-out device shown in Fig. 10, this cut 
out device is connected by the previously 
described wire 214 to the point 213. This 
wire 214 is shown in Fig. 11 at the extreme 
left-hand upper corner attached to the side 
contact plate 213 (point 213 in Fig. 10). It 
will be seen in Fig. 11 that the opposite end 
of this contact plate just mentioned is No. 
211, this being mentioned previously in con 
nection with 12 as forming part of the cir 
cuit for the series position, and as seen in 
Fig. 10, the points 211 and 213 could of 
course be consolidated which in fact they 
are in the controllei by being one and the 
same contact plate as shown. Referring 
now to Fig. 118 it will be seen that this coin 
tact plate just above referred to as 213, is 
connected by the strap 212 which extends 
across to the other side of the controller to 
the side contact plate 215. This strap 212 
(see also Figs. 11 and 13) is the common 
wire for the positive side of the batteries 
arranged in multiple series and it will 
further be seen by reference to Figs. 118, 11 
and 13, that this strap 212 is continued by 
the connecting strap 212° to connect with the 
side contact plates 251 and 252. These side 
contact plates 215, 251 and 252 represent the 
respective connecting wires for the same 
numbers on Fig. 10. They lead respectively 
to the oscillating contact arms 217, 240 and 

, which connect respectively with the 
central contact plates or points 218, 241, 
and 235. The point 21S (Fig. 11) is con 
nected by the strap 218", as previously ex 
plained, to the lead wire 219 which extends 
to the positive side of battery set No. 4. 
Similarly point 241 is connected by the strap 
241a to the lead wire 242 which extends to 
the positive side of battery set No. 3. The 
point 235 is connected by the aforementioned 
strap 235 to the lead wire 236 which con 
nects with the positive side of battery set 
No. 2. It will be seen that the wire 253 is 
connected to the side contact plate 252 in 
the lower right-hand corner of Fig. 11 and 
leads to the positive side of battery set No. 1. 
By this construction it is obvious that the 

8 

lead Wire 214 coming from the main gener 
ator circuit (when the cut-out is closed), is 
connected to the positive sides of all four 
Sets of cells through the common wire 212 
and its connections. Now the other side of 
the linain line is connected to the negative 
sides of these battery sets by means of the 
lead Wii'e 147. This wire is shown in the 
Iniddle lower portion of Fig. 11, attached to 
the side contact plate 226 (point 226 in Fig. 
10). There is also attached at this same 
point, the lead wire 220 which as previously 
explained connects the common wire 147 
with the negative side of the battery set 
No. 4. (It will of course be understood that 
these positive and negative terms are used 
for the Sale of convenience in designation.) 
The side plate 226 is connected by the double 
width central contact aim 225 (see also Fig. 
14) with the opposite side contact plate 224 
to which is attached the lead wire 243 ex 
tending to the negative side of battery set 
No. 3. Then it will be seen that the plate 
224 is connected to the strap 147 (see also 
Figs. 11 and 13) which is this same com 
non Wii'e 147 shown in Fig. 10. This strap 
147 is cross-connected to the side contact 
plate 256 which in turn is connected by the 
double width shifting contact arm 254 (dot 
ted lines Fig. 10). This connects up to the 
side plate 238 from which extends the wire 
237 connected to the negative side of bat 
tery set No. 2. The plate 238 is cross-con 
nected by strap 147 to the opposite side of 
the controller, side plate 257. This plate is 
connected by the double width shifting con 
tact al'In 255 (See also fig. 16), to the oppo. 
site contact plate 231 which is connected to 
the lead wire 230 extending to the negative 
side of battery set No. 1. This it will be 
seen that the common wire 147, with its con 
nections, couples up the negative sides of all 
four sets of batteries so that in this way 
the batteries are arranged in multiple of 
foul Sets, each set being comprised of three 
cells in Series for the purpose previously 
explained. Any other grouping of cells that 
may be desired, may be used in this multiple 
Series arrangement, but in the construction 
as I have adopted it, I gain the advantages 
of a single switch or controller which may 
be manipulated to one or the other of its two 
positions, in one of which all of the cells are 
arranged in series for high voltage for start 
ing purposes, and the other position throws 
the cells into this multiple-series arrange 
Iment for charging. At the same time this 
single switch controller throws into opera 
tion the differential field for charging and 
the series field for starting, as well as bring 
ing in the iron wire by-pass control. This 
imakes a very simple operation in connection 
with the starting pedal so as to perform all 
of these electrical connections and gain their ensuing advantages, by the simple move 
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perating member. From 
{d a hove, it will be appal'ent, 
&his iron wire resistalice, 

tion with the charging Operation, 
y the legulating effect of the op 
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S quick cina igilag of 

as soon as the diivi - 
si'ed joint, and the current 

tei' hiled loit. the inhe'ei 
c3 of the iron Wii'e 8'e Suich 
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just as in lovy speeds it was auto 
hi'own out of ticin. Fui'- 

it these devices 
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the inci.e., ii, will be seen t 
iy SO ged tha: 

25 ioi), this iO3) wire 
out of circuit-that is, it is clai, Out of 
{ linerati illiiing the starting operation, St 
. ctive merely for the charging 

he advantage of this is that for 
tion, the series field is now 
ili intensity, which would 

the iOh Vie it, in the 

therethrough. This really 'e- 
$s in three sta conditions, namely. 

for the starting operation, a field of rela 
Eisely high intensit inotoi' pilliposes. 
The in a second stage dailing the charging op 

Sicil for iow speed of driving, wherein 
e is no 'egulatio of the generating cul 

i'ent, (that is in the pi'esent ai'rangement, the 
has practically eliminated the 

efect of the Series field.) And 
ird stage, during the charging 

45 cei'ation of high speeds of driving, whei'ein. 
there is ciri'ent regulation (viz. the iron 

is heated up and the 'eby autoimatically 

- Y - 
... 

\vie 
throws in the bicking effect of the series 
field, i.e. Gppose the shunt field and this ac 

: the 'egitiation referred to). Thus, 
constitutes means independent 

V 

genei'ator charge at lower seeds than as if 
the field coils alone were used. 

hile the foi'in of inhechanisin he'ein 
escribed, constikites a preferred 

it of the invention it is 
- - - -- cyl-4- I'ms night be 

hin the scole of the 
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preting the spirit of the iiiyenkioi. Fol' ex- 65 
aimpie where the term “engine' is used, it is 
to be understood that this device i3 appli 
cable to other forms of povs' 33-driven ina 
chines where the pline no 'e' may be of 
the non-self-starting type and it is neces- 70 

to use an alixiii: - 

i 

s: y - diving soul:'ce to 
stairs, the appa'atus initially. Similarly the 
Nol'd accumulato' is used in the claims with 
'eference to the sto: age batte:ies which have 
been hitherto refe':ed to in he above de- 7 
scription. The foot pedal which opei'ates 
the staiting and charging connections is 'e- S. - - e 

3. CS ei'i'ed to in the claims as an opei'ating 
de 

5 

be', since various so "ins of opei'; Éing de 
vices of this sort might be is:ed. The switch 30 
CO. constitutes broadly a means fol' 

-- -- 

the sarious electrical coalections, 
as 'eferred to in the claims and it also has a 
'oad & spect as a mechanical leans having 

tive positions in one of which po- 85 
set of coininections is established, t 
t sition the other' connec 

chanical or iO of this single switch to 90 
control all of these complicated electiical 
connections. The clains also refei to the ai'- 
Fangclient of the various cells in Series, va 
lion is a: : this sort being of 
course possible under the terms of the claims 95 
and within the scope of the invention. 
the Saine is i? tie of the pai'alei l'É'angement, 
which may be Yairied-tie aim being to 
change the voltage, of hol'e generically, to 
change the Wattage, that is, to change the 
energy relations between the possei' which is 
utilized during the starting operation 
the power utilized for the charging 
tion. it will be seen that the result of 
has been set forth above is that th 
constitutes : Solti'ce of powei' to 

: J.00 

upon fo: the purpose of cranking the en 
gile, and then the engine when l'inning. 
stoies this power back ii) to the batteities: 
bit in order to do this most advantageously, 11.0 
thei'e is interposed between the batte's aid 
the engine these electrical powell-ti'anslating 
devices, (in my specific form the ino 
ei'ato' with its connections); the ci 
carrying the electric cu:' 'ent back and 
between the battery and these elect 
power-l'a:nslating devices leing so ai'i'anged 
that the cli'ent is taken : the bittelies 
through the electrical devices at high vs 
age for cranking the engine, where: 

li5 

s for the 
c: "l'ent is 
'elatively 

(Of course, it Wii: 

2G 

but back into the batteries at 
i{Wei Voltage or Yattage. 

adva:)- ful the 'Bhole be apparent that these 
tageoi is results are increased by coinabining 125 
with these devices, the ai'i'angements for 
using one gear l'atio for the starting Opera 
tion, and a different gear ratio for the charg 
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ing operation, so as to permit transmitting 
the high torque effect to the engine for 
cranking purposes, through the appropriate 
gear ratio, and then having the engine per 
form the charging operation with a rela 
tively low speed effect through another gear 
ratio. The two sets of gearing between the 
engine and motor-generator being at differ 
ent ratios of gearing respectively are re 
ferred to in the claims as differential gear 
ing. However, while the change of gearing 
(between starting and charging) is advan 
tageous, it is not essential in all cases, and 
some of the claims refer merely to the me 
chanical connections between the engine and 
the motor-generator, without desiring to be 
limited to any particular kind of Such con 
nections. It may also be stated that the de 
scription of the motor-generator fields given 
above, is that of a preferred form, as using 
the series field for starting and the differen 
tial arrangement for charging, but it is to be 
understood that other arrangements might 
be used in connection with other phases of 
the invention, the preferred form herein re 
ferred to being serviceable to provide a rela: 
tively strong field for starting and a field 
of weaker intensity for the charging Opera 
tion. 
What is claimed is as follows: 
1. In a device of the character described. 

the combination with an engine, a motor 
generator, and connections between the en 
gine and motor-generator for starting the 
former by the latter and running the latter 
by the former; of an accumulator comprising 
a plurality of electric cells connected with 
said motor-generator; and an Operating 
member having a normal position for al 
ranging the cells in multiple series with the 
motor-generator for charging, and Inovable 
to another position for arranging Said cells 
in series for operating the motor-generatoi' 
as a motor for starting; and means for re 
sisting the movement of Said operating neia 
ber out of its normal position, and adapted 
to automatically return said member to its 
normal position when released. 

2. In a device of the character described, 
the combination with an engine, a motor 
generator, and connections between the en 
gine and motor-generator for starting the 
former by the latter and running the latter 
by the former; of an accumulator comprising 
a plurality of electric cells connected with 
said motor-generator; and an Operating 
member having a nonial position, but nov 
able to a different position to arrange the 
cells in series for operating the motor 
generator as a motor for starting pulposes; 
and means for automatically ie-arranging 
said cells in multiple series fol' charging 
purposes, when the controlling means is 
moved from its displaced position. 

3. In a device of the character described, 
the combination with an engine, a noto'- 
generator, and connections between the en 
gine and motor-generator for starting the 
former by the latter and running the latter 
by the former; of an accumulator comprising 
a plurality of electric cells connected with 
said motor-generator, Said cells having a 
normal position of arrangement and being 
adapted for arrangement in Series for oper 
ating the motor-generator as a motor for 
starting, and in multiple Seities for charging 
by the motor-generator; and means for con 
trolling the alrangement of said accumulato' 
cells and automatically restoring said cells to 
their normal arrangement. 

4. In a device of the character described, 
the combination with an engine, a moto'- 
generator, and a mechanical connection be 
tween the engine and motor-generatoi for 
starting the former by the latter and run 
ning the latter by the former; of an accumu 
lator comprising a plurality of electric cells 
connected with Said motor-generator: a 
Switch controlling the arrangement of said 
cells in series for operating the motor 
generator as an engine cranking inotor and 
in multiple series for charging by the motor 
generator; means automatically tending to 
maintain said switch in a determined posi 
tion; and a manually operable controlling 
member adapted to throw said switch from 
said position. 

5. In a device of the character described, 
the combination with an engine, a motor 
generator, and connections between the en 
gine and motor-generator for starting the 
former by the lattei' and running the latter 
by the former; of an accumulator having a 
plurality of circuit connections with said 
moto' generator, certain of said circuit con 
nections being adapted to ti'ansmit high 
wattage from the accumulator to the motor 
generator for starting purposes, and other' of 
said circuit connections being adapted to 
transmit low wattage from the motoi'- 
generator to the accumulator for charging 
purposes; and a controlling lineuber' having 
a normal position, for selecting the low 
Wattage circuit connection for charging u!'- 
poses, but movable to a diffei'en: position to 
select the high wattage circuit connection 
for starting purposes; with pi'ovisions for 
automatically restoring said controlling 
member to normal position. 

6. In a device of the chai'acier described, 
the combination with an engine. a moto'- 
generator having series and shunt fields dif 
ferentially wound, and connections between 
the engine and motor-generator for starting 
the former by the latter and running the 
latter by the former; of an accumulator coin 
prising a plurality of cells; and a common 
operating member for connecting the cells in 
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series with the series field, fol' opei'ating the 
motor-generator as a motor for starting, and 
connecting the cells in nultiple Series with 
the differential field windings for charging 
y the motor-generator'. 
7. In a device of the charactei' described, 

the combinatio;n with an engine, a hoto 
generator having a plurality of field wind 
ings, and connections between said engine and said motor-generator for starting the 
former by the latter and running the lattel' 
by the former; of an accumulator comprising a plurality of cells adapted to be arranged in 
different voltage combinations; and a con 
trolling member operable to one position to 
select one arrangement of the field windings 
concomitantly with one voltage combination 
of said cells for stating; and means for 
automatically restoring said Opelating nem 
ber to normal position in which it selects 
another field winding arrangement conconi 
tantly with a different voltage combina 
tion of said cells for charging purposes. 

S. in a device of the charactei' described, 
the comination with ail cngine, a motor 
generator having a plui'ality of field wind 
ings, connections between the engine and 
motor-generatoi to starting the fo!"iner by 
the later and Linning the latter by the 
former: of an accumulator having a plu 
rality of circuit connections with the notor 
genei'ato'; and an operating linenbel' Oper 
able to one position to a range the field 
windings of the noto'-generator to secure 
a field of relatively high intensity and coil 
comitantly select, the circuit connections of 
the battery to give high wattage fol' stait 
ing, and operable to anothel’ position to 
change the field aliangements to Secure a 
field of less intensity and conconitaintly 
select other circuit connections, whereby the 
motor generator hay charge the acclinila 
to a low Vattage. 

9. In a device of the character described, 
the cohabilition with all engine, a notor 
enerator having field windings for pro 
ucing a Bioto field and a genei'ator field, 

and a mechanicai connection between the 
engine and the hoto1' - generatoi' for 
starting the formei' by the lattei' and run 
ing the lattei' by the for nei; of an ac 
hulato' comprising a plui'ality of elec 

tric celis adapted for series o' multiple 
series ai'i'angement: an operating me: 
(pe'able oil staiting to connect the Yoi (): 
field windings of the latter-generator' with 
the series arrangement of Said ceils. With 
automatic provisions to 'est Ole the operat 
ing anember to coinees, the geiei'ator fielict 
\vindings with a multiple Series ai'i'ange 
linent of said cells for charging by the moto'- 
genei'ato'. - 

10. In a device of the chai'acter described, 
the combination with an engi 
generator having a shunt field 
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a series field winding, said shunt field wind 
ing to be used when the motor-generato' is 
ope:'ated as a genei'ato; for charging, Wicle 
by a relatively low intensity of field will be 
secured, and the series winding to be used 
when the imoto'-genei'atoi' is to be eliployed 
as a motor for starting purposes, whereby 
a field of relatively high intensity will be 
secured: connections between the engine and 
notor-genei'ator for starting the formei' by 
the latter and running the lattei' by the 
foLimer; of an accumulator having a pili 
'ality of circuit connections, certain of Said 
circuit, connections being adapted to trans 
imit high vattage from the acclimulato' to 
the moto;'-generator for starting pillposes, 
and other of said circuit connections being 
adapted to trains init low wattage from the 
motor-generator to the accumulator for 
charging purposes; and a controlling men 
le E. to one position fo starting 
to selectively connect the high Wattage cir 
cuit connections with the Irelatively high in 
tensity field winding and to another posi 
tion for charging to selectively connect the 
low wattage circuit connections with the 
relatively low intensity field winding. 

11. In a device of the character described, 
the combination with an engine, a motor 
generator, and intern ediate connections be 
tween the engine and notor-generator' foi' 
starting the former by the latter and 'un 
ning the latter by the forme'; of an operat 
ing member for controlling said interme 
diate connections: an acclimulator compris 
ing a plurality of electric cells connected 
with said noto1'-genei'atoi"; and means con 
nected with said operating member for al 
ranging said cells in series for operating 
the motor-genei'ator as a motor fol' stalting, 
and in multiple-series for charging by the 
inotor-generato'. 

12. In a device of the character described, 
the combination with an engine, a moto'- 
generator having differential series and 
shunt field windings, and intermediate con 
nections between the engine and motor-ge:- 
erator for starting the former by the latter 
and running the latter by the former: of 
an operating inember for controlling said in 
termediate connections: an accumulato!'; 
and neans connected with said operating 
member for connecting said accumulator to 
the series field winding of the motor-gen 
ei'ator fo: staiting the engine, and to the 
differential field windings for charging the 
accumulator by the hoto1'-generato!'. 

13. in a device of the character described, 
the coinbination with an engine, a motor 
generator having differential series and 
shint field windings, and intermediate coin 
nections between the engine and motor-gen 
ei'ator for starting the forme!" by the latter 
and running the latter by the former; of an 
operating member for controlling said in 
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termediate connections; an accumulator com prising a plurality of electric cells; and 
means connected with said operating mem 
ber for arranging said cells in series for 
operating the motor-generator as a motor 
for starting and in multiple-series for charg 
ing by the motor-generator, and also for 
connecting said accumulator to the series 
field Winding of the motor-generator for 
starting the engine and to the differential 
field windings for charging the accumulator 
by the motor-generator. 

14. In a device of the character described, 
the combination with an engine, a motor 
generator, and two sets of connections be 
tween the engine and the motor-generator, 
the first for starting the engine by the 
motor-generator and the second for run 
ning the motor-generator by the engine; of 
an operating member operable to two posi 
tions, one for throwing in the said first set 
of connections and the second position for 
throwing in said second set of connections: 
an accumulator comprising a plurality of 
electric cells; and means connected with said 
operating member for arranging said cells 
in series for operating the motor-generator 
as a motor when the said member is moved 
to its first position for coupling up the 
starting connections, and for arranging said 
cells in multiple-series for charging when 
the said member is moved in its second 
position for coupling said second set of 
connections. 

15. In a device of the character de 
scribed, the combination with an engine, a 
motor-generator having differential shunt 
and series field windings, and two sets of 
connections between the engine and the 
motor-generator, the first for starting the 
engine by the motor-generator and the 
second for running the motor-generator by 
the engine; of an operating member oper 
able to two positions, one for throwing in 
the said first set of connections and the 
second position for throwing in said second 
set of connections; an accumulator with cir 
cuit connections to the motor-generator; 
and means connected with said operating 
member for connecting said accumulator to 
the series field of the motor-generator when 
the first set of connections is coupled by 
said member for starting the engine, and 
for connecting said accumulator to the 
differential field windings when said mem 
ber is in said second position for coupling 
said second set of connections for charging 
the accumulator by the motor-generator. 

16. In a device of the character de 
scribed, the combination with an engine, a 
motor-generator, intermediate gearing con 
sections between the engine and motor 
generator for starting the former by the 
latter and running the latter by the for 
mer, means for changing the gearing ratio 

of said intermediate connections for the 
starting and the charging operations, and 
an accumulator comprising a plurality of 
cells; of means for arranging said cells in 
series for operating the motor-generator as 
a motor for starting, and in multiple series 
for charging by the motor-generator. 

17. In a device of the character de 
scribed, the combination with an engine, and 
a motor-generator; of differential gearing 
connecting the engine and the motor-gen 
erator at One ratio for starting the engine 
by the motor-generator and a different ratio 
for operating the motor-generator by the 
engine for charging; an accumulator con 
nected with the motor-generator; and means 
for changing voltage arrangements of the 
accumulator in correspondence with changes 
in the differential gearing connections, 
whereby to utilize one voltage for starting 
through one gear ratio and to drive through 
the other gear ratio to charge at a lower 
voltage. 

18. In a device of the character de 
scribed, the combination with an engine, a 
motor-generator, intermediate gearing con 
nections between the engine and motor gen 
erator for starting the former by the latter 
and running the latter by the former, and 
an accumulator comprising a plurality of 
cells; of a common operating member for 
concomitantly selecting for starting One 
gearing ratio of said intermediate gearing 
connections and arranging said cells in 
series, and also for selecting for charging 
another ratio of said gearing connections 
and arranging said cells in multiple series; 
with provisions for automatically restoring 
said operating member to normal charging 
position. 

19. In a device of the character de 
scribed, the combination with an engine, a 
motor-generator having field windings for 
producing a motor field and a generator 
field, differential gearing between said en 
gine and said motor-generator for starting 
the former by the latter at one ratio of 
speed, and running the latter by the former 
at a different ratio of speed, and an ac 
cumulator comprising a plurality of electric 
cells; of means for concomitantly selecting. 
for starting purposes, the motor field wind 
ings of said motor-generator, the starting 
ratio of said differential gearing, and a 
series arrangement of cells of Said accumu 
lator, and also for concomitantly selecting, 
for charging purposes, the generator field 
windings of said motor-generator, the 
charging ratio of said differential gearing 
and a multiple-series arrangement of the 
cells of the accumulator. 

20. In a device of the character de 
scribed, the combination with an engine, a 
notor-generator having a plurality of field 
windings, differential gearing between said 

7 

75 

80 

85 

90 

95 

00 

105 

5 

120 

19S 

30 



O 

2 5 

3. O 

3 5 

40 

50 

5 5 

60 

3. 

engine and said motor-generator for start 
ing the former by the latter at one ratio of 
speed, and running the latter by the former 
at a different ratio of speed; of an accumu 
lator comprising a plurality of electric cells; 
and means operable to connect the engine 
and motor-generator as a motor, through 
said differential gearing, and to select cer 
tain of the field windings to provide the 
motor-generator with a high intensity field 
and to arrange the battery cells in series, 
when the motor-generator is to be used as 
a motor for starting purposes, said means 
being operable to another position to con 
nect the engine with the motol-generator 
through different gearing connections and 
to select different field arrangements, where 
by the machine will operate with a rela 
tively low intensity field and to arrange the 
accumulator in parallel for charging, when 
the machine is to be operated as a generator. 

21. In a device of the character de 
scribed, the combination with an engine, a 
motor-generator having series and shunt 
field windings, and connections between the 
engine and notor-generator for starting the 
former by the latter and running the latter 
by the former; means fol' selecting said 
series winding for starting, and for Selecting 
said shunt and series windings differentially 
arranged for charging, whereby said series 
winding will regulate the field; of an ac 
cumulator connected with the motor-gener 
ator; and an automatically variable resist 
ance forming a by-pass around said series 
field of the generator and operating to 
weaken the effect of said series field during 
low speed generating. 

22. In a device of the character described. 
the combination with an engine, of a motol 
generator having series and shunt fields dif 
ferentially wound; connections between the 
engine and motor-generator for starting the 
former by the latter and running the latter 
by the former; an accumulator connected with the motor-generator; a by-pass circuit 
around said series field winding, including 
means operating to control the regulating 
effect of said series winding upon the shunt 
winding when the machine is operating as a 
generator: and means for 'endering Said by 
pass circuit ineffective when the motor-gen 
erator is used for starting purposes. 

23. In a device of the character described, 
the combination with an engine, of a motor 
generator having series and shunt fields dif 
ferentially wound: mechanical connections 
between the engine and motor-generator; a 
by-pass circuit around Said series field wind 
ing including a resistance element which is 
controlled by the current flow therethrough, 
said element operating to increase the rate 
of charging of the accumulator for low 
speeds of the generator; and means for ren 

dering said by-pass circuit ineffective when 
he motor-genei'ator is used for starting. 
24. In a device of the character described, 

the combination with an engine, a motor 
genei'ator having differential Series and 
shunt field windings, and connections be 
tween the engine and motor-generator for 
starting the former by the latter, and I'll 
ning the lattei' by the former, and an accu 
mulator connected with the motor-genera 
tor; means for selecting said Series winding 
for starting, and for selecting Said diffel'- 
ential windings for charging whereby Said 
series winding will regulate the charging 
field: automatic means adapted to render 
the series field winding ineffective during 
low speed generating; and means adapted to 
render Said last-mentioned means ineffec 
tive during the motor operation of the mo 
tol-generator. 

25. In a device of the character described, 
the combination with an engine, a moto'- 
generator having Series and shunt field wind 
ings, with provisions for selecting Said Wind 
ings in differential relation for charging; 
connections between the engine and the Imo 
tor generator for starting the former by the 
latter and running the latter by the former: 
and an accumulator connected with the mo 
tor generator; of means adapted to vary the 
regulating effect of the series field winding 
during the generating period; and means 
for rendering said last mentioned means in 
effective during the starting period. 

26. In a device of the character described, 
the combination with an engine, a moto'- 
generator, and connections between the en 
gine and the motor-generator for starting 
the former by the latter and running the 
latter by the former, and an accumulato' 
having electrical connections with the mo 
tor-generator: of means for regulating the 
current output during a determined range 
of speed of the generator: automatic means 
for disabling Said regulating means during 
another range of genei'ator Speed in the gen 
erator operation: and means for changing 
the electrical connections to provide for an 
unregulated flow of current from the accu 
mulator through the motor-generator to op 
elate the machine as a high torque motor 
for starting purposes. 

27. In a device of the character described, 
the combination with an engine, of a storage 
battery: electrical power transmitting de 
vices interposed between the engine and 
battery and having dual characteristics to 
translate the electric power of the battery 
into mechanical power to start the engine 
and to translate the mechanical power of the 
running engine into electric current for 
storage back into the common battery; two 
sets of gearing connecting the said electric 
devices and said engine. One set for crank 
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ing the engine at high leverage and the sec 
ond set for driving by the engine for charg 
ing; and two separate circuit connections 
between said electrical devices and the bat 
tery, having provisions associated with the 
first for taking high wattage current from 
the battery to crank the motor through said 
high leverage gearing, and with the Second 
circuit for delivering low wattage current 
to charge the battery by using said Second 
set of gearing. 

28. In a system of the character described, 
the combination with an internal combus 
tion engine, of a lighting system therefor 
including electric lamps adapted for rela 
tively low voltage current; a storage bat 
tery connected with said lighting system; 
electrical connections connected with said 
battery; a high leverage gearing connected 
with said engine; a lower leverage gearing 

L9) 

connected with Said engine; and means in 
cluding electrical power-transmitting de 
vices connected with Said gearing and said 
electrical battery connections for translating 
relatively high wattage current from said 
battery into mechanical power applied to 
Said engine through the high ratio gearing 
to start the engine, and for translating 
power derived from the engine through the 
lower ratio gearing, to charge Said storage 
battery with current of lower Wattage and 
of substantially the same voltage as that of 
the lighting System. 

In testimony whereof I affix my signature 
in the presence of two subscribing witnesses. 

CHARLES F. KETTERING. 
Witnesses: 

J. B. HAYWARD, 
CHAs. D. BRONSON. 

Copies of this patent may be obtained for five cents each, by addressing the “Commissioner of Patents, 
Washington, D.C.' 
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