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This invention relates to engine cranking sys 
tems, and as its principal object aims to provide 
an in proved System of this kind which will func 
tion more efficiently and reliably than the crank 
iing Systems heretofore used. 
Another object of my invention is to provide an 

in proved Cranking System having means for sup 
plying energizing current to the cranking motor, 
first, at a relatively low voltage for initially ener 
gizing the motor and engaging the cranking pin 
ion and Subsequently at a relatively higher volt 
age for carrying out the cranking operation, and 
in Which control SWitches are operated automati 
cally in Sequence for Supplying the energizing 
Current to the Cranking motor at such different 
Voltages. 
A further object of my invention is to provide 

an improved cranking system, of the character 
referred to, in which an electric driving means is 
employed for producing the sequential actuation 
of the Switches. 

Still another object of my invention is to pro 
Wide an improved cranking system, of this char 
acter, in Which the control for the electric driv 
ing means includes a manual switch for initiating 
the Operation of the driving means and other 
SWitch means for insuring the completion of the 
Cycle of operation of the sequentially actuated 
SWitches and the automatic stopping of such 
driving means upon the completion of the cycle. 
Another object of my invention is to provide an 

improved engine cranking system, of the char 
acter referred to, wherein the current supply 
Iiheans comprises batteries having terminal con 
nections affording the relatively low and rela 
tively higher cranking voltages and in which a 
generator for charging the batteries is adapted to 
be connected thereWith or disconnected therefrom 
by the actuation of the sequentially operated 
SWitches. 
Yet another object of my invention is to pro 

vide an improved engine cranking System having 
motor driven SWitch means for energizing the 
cranking motor at relatively low and high volt 
ages in Succession and in Which the control for 
the Switch imotor prevents the operator from 
stopping the Cranking operation While the Crank 
ing motor is being energized at low voltage and 
also causes the System to be automatically re 
stored to a condition of readiness upon comple 
tion of the cranking operation. 
Other objects and advantages of my invention 

Will be apparent from the following description 
When taken in conjunction. With the accompany 
ing sheet of drawings, in which: 
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Fig. 1 is a diagram illustrating an engine 
cranking system embodying my invention and in 
Which the active circuits are shown in full lines 
and the inactive circuits are shown in dotted 
lines; 

FigS. 2 and 3 are diagrammatic views of the 
Same System, but ShoWing the same at different 
intervals in the cycle of operation and also illus 
trating by full and dotted lines the active and in 
active circuits. 

Further reference will now be made to the ac 
Companying drawing for the purpose of describ 
ing the novel arrangement of apparatus and im 
proved functioning obtained in my cranking sys 
ten and although detailed reference Will be made 
for this purpose to the specific form of cranking 
System shown in the drawing, it will be under 
Stood, of course, that my invention is not to be 
regarded as limited to this particular system, but 
can be embodied in various other similar cranking 
Systems and arrangements. 

In the embodiment of my cranking system illus 
trated in Fig. 1, I show a cranking motor 0, 
Which may be of any suitable construction, and 
may be adapted for releasable driving connection 
With an internal combustion engine to be cranked. 
Such releasable driving connection may comprise 
the pinion and gear arrangement usually em 
ployed for this purpose in which a pinion Oa is 
automatically-moved into mesh with the flywheel 
gear upon energization of the cranking motor 
and is automatically disengaged from the gear 
and returned to an inoperative position upon 
starting of the engine. 
-I find it desirable to initially energize the 

Cranking motor 0 at a relatively low voltage so 
as to engage the pinion fea with the gear f with 
out a Slamming action or a clashing of the gear 
teeth, and to thereafter energize the cranking 
notors at a relatively higher voltage for effec 
tively carrying out the cranking operation. For 
thus energizing the cranking motor at such low 
and high Voltages in Succession, I provide a cur 
rent Supply or Source affording the desired differ 
ent Voltages, and a SWitch mechanism 2 for con 
trolling the supply of energizing current to the 
cranking motor which includes a manually oper 
able switch 3 for initiating the cranking opera 
tion. 
The current Supply means may comprise a stor. 

age battery, or preferably, a pair of storage bat 
teries such as the batteries 4 and 5 shown in 
this instance. Although I do not wish to be 
limited to the use of storage batteries, as the 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



2 
tor 0, nor to any particular battery arrangement, 
I find it desirable to use Six-volt Current for 
initially energizing the cranking motor to engage 
the pinion Od. With the gear if and to thereafter 
Supply twenty-four-volt current to the cranking 
motor for carrying out the cranking operation. 
These Woltages can be made available by employ 
ing tWotWelve-volt batteries which are connected 
in Series for the full or twenty-four-volt energiza 
tion of the Cranking motor, as Will be explained 
hereinafter, and at least one of which, in this in 
stance the battery 4, has a tap or terminal 6 
for taking off six-volt current for initially ener 
gizing the cranking motor. The two twelve-volt 
batteries 4 and 5 can be charged in parallel by 
a tWelve-Wolt generator , as Will be explained 
hereinafter, and Which can be driven by the in 
ternal Combustion engine being Served by the 
Cranking motor 0. 
The SWitch mechanism employed for control 

ling the charging of the batteries 4 and 5 and 
the Operation of the cranking motor O may 
comprise, in addition to the manual Switch 3, a 
plurality of pairs of cooperating contacts or in 
dividual switches 18, 9, 20, 2 and 22 and a 
SWitch Operating means 23 for producing a timed 
or Sequential automatic actuation of Such indi 
vidual switches. The manual switch f3 may 
comprise a pair of Spaced Stationally contacts 3d. 
and 3b and a movable contact 3c Which can be 
moved into engagement With the contact 3d. to 
initiate the operation of the cranking system, as 
shown in Fig. 2 and to be explained hereinafter, 
but is normally held in an "off’ position in en 
gagement with the contact 3b by a tension 
Spring 3d, as shown in Fig. 1. 
The SWitches 8 and 9 control the charging 

circuit for the batteries 4 and 5, and as will be 
explained hereinafter, are actuated to open the 
charging circuit before the cranking motor O is 
energized by the actuation of the switches 20, 21 
and 22. The Switch 8 comprises a pair of co 
operating movable and stationary contacts 8a. 
and 8b, the former of which is carried by the 
arm 8c and is connected to ground by the con 
ductor 24. The stationary contact 8b is con 
nected with the terminal 25 of the battery 5 by 
the conductor 26. The Switch 9 also comprises 
COOperating movable and stationary contacts 9d. 
and 9b of which the movable contact 9a is 
carried by the arm 9c and is connected with the 
terminal 27 of the battery 4 by the conductors 
28, 28a and 28b. The stationary contact 95 is 
connected with the terminal 29 of the battery 
f5 by the conductors 30 and 30a. The other 
terminal 3 of the battery A is connected to 
ground by the conductor 32. 
The generator 7 for charging the batteries 

4 and 5 has one terminal thereof connected to 
ground by the conductor 34 and the other term 
inal connected With the conductors 28a and 28b. 
through the conductor 35 and a cut-out device 36. 
This cut-out may be of a conventional form and 
operates to automatically connect the generator 

with the charging circuit when the speed at 
which the generator is driven increases above a 
predetermined Value and to disconnect the gen 
erator from the charging circuit SO as to prevent 
a reverse-flow of current from the batteries to 
ground through the generator. 
When my cranking system is inoperative or in 

a condition of readiness, such as that repre 
sented in Fig. 1 in Which the cranking motor f0 
is deemergized, the Switches 8 and 9 are closed 
and a parallel charging circuit is established for 
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2,248,244 
the batteries 4 and 5 and, if the generator 7 
is being driven at a charging Speed, the batteries 
will be charged thereby in parallel. To render 
this condition of the System more readily ap 
parent and understandable, Fig. 1 has been drawn 
With the active charging circuit in full lines and 
the other inactive circuitS in dotted lines. This 
charging circuit can be readily traced from the 
generator 7 through conductor 35, cut-out 36 
and conductor 28b to terminal 2 of the battery 
f4. The return portion of the charging circuit 
for the battery 4 extends through conductor 32, 
and through ground and the conductor 34 back 
to the generator. The parallel portion of this 
charging circuit for serving the battery f5 ex 
tends through conductors 28a and 28, Switch is 
and conductor 30 to the terminal 29 of the bat 
tery. The return portion of this circuit extends 
from terminal 25, through conductor 26, through 
Switch 8 and conductor 24 to ground and then 
through conductor 34 back to the generator. 
The Switch 20 controls the low or six-volt ener 

gization of the cranking motor O and comprises 
a pair of cooperating movable and stationary 
contacts 200 and 20b, the former of which is 
carried by a movable arm. 20c and is connected 
with the six-volt tap 6 of the battery 4 by the 
conductor 38. The stationary contact 20 b is con 
nected with one terminal of the cranking motor 
ii) by the conductor 39. The other terminal of 
the cranking motor may be connected to ground 
by the conductor 40. 

Fig. 2 of the drawing shows the condition of 
the system just after the operator has started 
or initiated the cranking operation by move 
ment of the contact f3c of the Switch 3 into 
engagement with the contact 3a and shows the 
active circuits in full lines and the inactive cir 
cuits in dotted lines. In the condition of the 
system here shown the switches 8 and 9 have 
been opened to disconnect the battery charging 
circuit and the switch 20 has been closed and the 
six-volt energization of the cranking motor 0 
has just begun. This six-volt circuit can be 
traced from the tap or terminal 6 of the battery 
f4 through conductor 38 and the contacts 200. 
and 260 of the switch 20 and conductor 39 to the 
terminal of the cranking motor 0. The return 
portion of this circuit extends through conductor 
40, through ground and conductor 32, back to 
the terminal 3 of the battery 4. 
The switches 2 and 22 control the energiza 

tion of the cranking motor iO at its full voltage, 
that is, twenty-four volts in this instance. The 
Switch 2i comprises cooperating movable and 
stationally contacts 2a and 2b, the former of 
which is carried by a movable arm 2 ic and is con 
nected with the conductor 28a by the conductor 
28c. The stationary contact 2 b is connected 
with the terminal 25 of the battery 5 by the 
conductor 42. The Switch 22 also comprises a 
pair of movable and stationary contacts 22a and 
22b of which the contact 22b is carried by a 
Innovable airn 22c and is connected with a terminal 
of the cranking motor by the conductor 43. The 
stationary contact 22a is connected with the 
terminal 29 of the battery 5 through the con 
ductor 44 and the conductor 30a. 
The circuit for energizing the cranking motor 
at full voltage is established when the Switches 

2f and 22 are closed, whereupon the batteries 4 
and 5 are connected in circuit with the crank 
ing motor in Series relationship to each other 
and supply twenty-four-volt current to the 
cranking motor, Fig. 3 of the drawing illustrates 
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this condition of the system in which the switches 
2 and 22 are closed and the cranking motor is 
being energized at full voltage, the active full 
voltage cranking circuit being shown in full lines 
and the inactive circuits being shown in dotted 
lines. This full voltage cranking circuit can be 
traced from the terminal. 27 of the battery 4 
through conductor 28b, conductors 28a and 28c, 
and then through contacts. 2 a. and 2b of the 
switch 21 and through conductor 42 to the ter 
minal 25 of the battery f5. Continuing from the 
terminal 29 of the battery 5, this circuit extends 
through conductors 30a and 44, and then through 
the contacts 22a and 22b of the switch .22 and 
through the conductor 43 to the cranking motor 
0. The return portion of this circuit extends 
from the cranking motor through the conductor 
40, and ground, and then through the conductor 
32 back to the terminal 3 of the battery 4. 
I have already indicated that the Switches 8 

and 9 which control the parallel charging cir 
cuit for the batteries 4 and 5 are opened before 
the actuation of the Switches 20, 2 and 22, and 
also that the switch 20, which controls the low or 
Six-volt energization of the cranking motor is 
closed prior to the closing of the switches 2 and 
22 which control the full or twenty-four volt en 
ergization of the cranking motor. It may also 
be conveniently mentioned at this time that it is 
desirable to keep the switches f& and 9 open for 
the completion of the cranking Operation and 
then close these SWitches to enable the batteries 
to be charged by the generator 7 after the en 
gine has been started. It should also be men 
tioned at this point that the switches 2 and 22 
should be maintained open during the time that 
the SWitch 20 stays closed for producing the Six 
volt energization of the cranking motor and 
should be closed to produce the full or twenty 
four-volt energization of the cranking motor Sub 
stantially simultaneously with, or immediately 
after, the opening of the switch 20. 
To obtain this desired sequence or timed actu 

ation of the switches f8, 9, 20, 2 and 22, I may 
employ as the switch operating means 23, a rotat 
able shaft 46 having cams 48, 49, 50, 5 and 52 
thereon for cooperation, respectively, with cam 
followers 53, 54, 55, 56 and 57. These cam fol 
lowers may be of rounded or other suitable shape 
and are connected, respectively, with the movable 
arms 8c, 9c, 23c and 22c of the corresponding 
control switches. The actuating cams may be 
appropriately shaped and are mounted on the 
shaft 23 in a relative angular relation such that 
as the cams are rotated through one revolution 
the above-explained timed or sequential actua 
tion of the switches 8, 9, 20, 2 and 22 will take 
place. The cams are insulated from the shaft 23 
by insulating bushings 58 or other appropriate 
eaS, - 

The shaft 23 may be rotated by any suitable 
device or means, and preferably, by a small elec 
tric motor 60 which may be connected with this 
shaft either directly or through reduction gear 
ing 6l. The motor 60 may be one designed to 
operate on twelve-volt current which may be 
conveniently supplied thereto from the battery 
14, as will be presently explained. 
In addition to producing a timed or Sequential 

actuation of the switches 8, 9, 20, 2 and 22, it 
is also desirable to control the operation of these 
switches, so that when the cranking operation is 
initiated or started by the operator the complete 
cranking cycle will be carried through and, upon 
starting of the engine and release of the contact 
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3C by the operator, the system will be automat 

ically restored to its initial condition of readiness 
shown in Fig. 1. In other words, it is desirable 
to have the switch operating means 23 function 
in a manner Such that when the driving motor 
60 is started by the operator by the closing of 
the contacts 3c and 3a of the manual switch 
3, it will result in the desired actuation of 
switches f8 and 9 to open the charging circuit, 
followed by a closing of the switch 20 to produce 
the six-volt energization of the cranking motor 
and this, in turn, followed by the opening of the 
switch 20 and the closing of the switches 2 and 
22 to produce the full-voltage energization of 
the cranking motor. After the full or twenty 
four Woit energization of the cranking motor has 
continued for the necessary or desired interval 
of time and the operator permits the contact 3c 
of the switch 3 to reengage the contact 3b, the 
motor 60 Will cause the switches 2 and 22 to be 
opened and the system will automatically restore 
itself to the condition of readiness, shown in Fig. 
1, including the closing of the SWitches 8 and 9 
to reestablish the battery charging circuit, and 
the stopping of the motor 60 with the apparatus 
in such condition that when the contacts 3c 
and 3a are again closed another cranking cycle 
Will be started. 
For the accomplishment of the automatic con 

trol or operation just explained for the SWitch 
operating motor 60, I provide automatically oper 
ated SWitch means 63 which Will now be de 
scribed. This automatic Switch means 63 may 
comprise cam actuated contacts or preferably, as 
shown in this instance, an arrangement of com 
mutator-like SWitches 64, 65 and 66 - each of 
which includes one or more contacts mounted on 
a disk or hub of insulating material 67 connected 
with the shaft 46 to be driven thereby. The 
contacts of the switch 64 comprise a stationary 
contact or brush 68 and an interrupted movable 
contact ring carried by the disk or hub 67 and 
formed by the ring sections or segments 69. and 
7), The contacts of the Switch 65 comprise a 
stationary contact or brush and an uninter 
rupted contact ring 72 carried by the insulating 
disk or hub 67. The contacts of the switch 66 
likewise comprise a stationary contact or brush 
3 and an interrupted contact ring carried by the 

insulating disk or hub 61 and formed by the ring 
Sections or segments 74 and 75. 
The circuit connections for the motor 60, which 

are controlled by the manual Switch f3 and the 
automatic switch means 63, may include a 
conductor 28d which is a continuation of the con 
ductors 28d and 28b and connects the terminal 
27 of the battery 4 directly with one terminal of 
the motor 60. The other terminal of the motor 
60 is connected with the movable contact f3c of 
the manually operable switch f3 by the conduc 
tor 76. The stationary contact 3a of the Switch 
3 is connected with the stationary contact 68 

of the SWitch 64 by the conductor 77 and the sta 
tionary contact 3b is connected with the sta 
tionary contact 73 of the switch 66 by the con 
ductor 78. The stationary contact of the 
SWitch 65 is connected to ground by the con 
ductor 79. The segment 69 of the Switch 64 is 
connected with the ring contact 72 of the switch 
65 by the conductor or internal connection 80 
and the Segment 75 of the switch 66 is also con 
nected with the ring contact 72 of the switch 65 
by a conductor or internal connection 8. 
As above indicated, Fig. 1 shows my charging 

System in its normal condition with the batteries 

  



4. 
4 and 5 connected with the generator T for 

charging in parallel and at this time the movable 
contact, 3c of the SWitch 3 is in its 'off' posi 
tion, that is, in engagement with the stationary. 
contact, 3a where it may be normally held by the 
tension Spring 3c. When the operator wishes 
to crank the engine he shifts the contact 3c 
into engagement with the stationary contact 3a. 
and thereupon starts the switch operating motor 
69 which causes rotation of the shaft 46 in a 
clockwise direction, as indicated by the arrow 
83. The energizing circuit thus established for 
the motor 6) by the closing of contacts 3c and 
f3d is shown in full lines in Fig. 2. and may be 
traced from the terminal 27 of the battery 4 
through conductors 28b, 23d and 28d to the 
motor 60 and then through conductor 76 and 
movable and Stationary Switch contacts 3c and 
i3C and through conductor 77 to the stationary 
contact 68 of the Switch 64. At this time the 
Segment 69 is in engagement With the Stationary 
contact 3 and hence the circuit being traced will 
extend through conductor 80, ring contact 72 of 
the Switch 65 and then through conductor 79 to 
ground and back to the terminal 3 of the bat 
tery 4 through the conductor 32. 
The clockwise rotation of the shaft 46 by the 

motor 6 proin ptly causes the switches 8 and 
3 of the battery charging circuit to be opened 
and shortly thereafter causes switch 20 to be 
closed for the six-volt energization of the crank 
ing motor through the circuit previously 
traced. Continued rotation of the shaft 46 
causes opening of the SWitch 20 of the six-volt 
circuit and closing of the Switches 2 and 22 for 
the establishment of the previously traced twen 
ty-four-volt energizing circuit for the cranking 
notor. At about the same time as, or just after 
the Switches 2 and 22 are closed, the dead seg 
ment C of the switch 64 arrives at the stationary 
contact or brush 83, and the circuit for the motor 

is thereby opened and this motor comes to a 
stop with the Switches 2 and 22 closed and the 
cranking motor being energized at full volt 
age, or in other words, with the system in the 
condition represented in Fig. 3. 
When the cranking of the engine has con 

tinued for the desired interval, or upon starting 
of the engine, the operator releases the contact 
3c and permits it to return to its off position 

in engagement with the contact. 3b. This causes 
the motor 60 to be reenergized and to resume the 
clockwise rotation of the shaft 46 causing the 
Switches 2 and 22 to be opened and the cranking 
notor deemergized. The motor 69 will con 
tinue to run until the dead segment 4 of the 
Switch 66 arrives at the contact 73 at which time 
the energizing circuit for the motor 60 will again 
be opened and the motor stopped with the Switch 
Operating means 23 restored to its initial posi 
tion, as shown in Fig. 1. When the contact 3c 
is permitted to return to its off position at the 
completion of the full-voltage cranking operation, 
as just explained, the energizing circuit for the 
notor 6) Will shift from that above traced 
through the switch 64 to one extending through 
the SWitch 86. This latter energizing circuit for 
the motor 6) is similar to that traced through the 
Switch 63 except that it now extends from the 
stationary contact 3b of the Switch 3 through 
the conductor 78 to the contact 73 of the Switch 
62, through segment 75 of this switch, then 
through conductor 8 and ring contact 72 of the 
Switch 65 and then through contact 7 and con 
ductor 79 to ground. 
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With the circuit and Switch arrangement above 

described, it will be seen that from the time the 
operator closes the contacts 3c and 3a of the 
switch 3, the cranking cycle will be automati 
cally carried out from the opening of the battery 
charging circuit to the closing of the twenty-four 
volt circuit for the cranking motor 0 and the 
stopping of the switch operating motor 60 at this 
point with the cranking motor fully energized. 
Likewise, it will be seen that when the cranking 
of the engine has continued for the desired in 
terval, or until the engine starts, and the opera 
tor then permits the contact 3c to return to 
its off position, the SWitch limechanism 23 will be 
automatically returned to its initial setting or 
position, shown in Fig. 1. It Will also be seen 
that the Switch and circuit arrangement for 
controlling the Switch operating motor 60 is such 
that once the operator has started this motor by 
closing the contacts 3c and 3a, he will be un 
able to stop the motor 60 at a time when dam 
age might occur, such as when the switch 20 has 
been closed for the six-volt energization of the 
Cranking motor. If the operator fails for any 
reason to hold the contact 3c in engagement 
With the contact 3a until the completion of 
the cycle or until the engine has been started, 
no hal'm Will be done to the system because the 
reengagement of the contact 3c with the con 
tact 3b will permit the motor 60 to continue to 
run long enough to restore the system to its 
initial condition of readiness shown in Fig. 1. 

It will be understood, of course, that to obtain 
the System operation above explained, the mov 
able ring Sections or segments of the switches 64 
and 66 must be of proper angular length and 
must be mounted on the insulating disk or hub 
67 in the proper angular relation to each other 
and to the Switch actuating cams of the shafts 46, 
Such as the relation shown in the drawing. With 
this arrangement it will be seen that when the 
System is in its initial position or inoperative con 
dition, as illustrated in Fig. 1, the dead segment 
74 of the Switch 66 has previously come into en 
gagement with the stationary contact 73 and the 
leading end of the long segment 69 of the switch 
64 has just come into engagement with the sta 
tionary contact 68 so that upon closing of the 
contacts 3C and 3d another cranking cycle can 
be started or initiated. 
One or both of the batteries 4 and 5 may 

also be used for other purposes than the opera 
tion of the cranking motor O and the switch op 
erating motor 60, such as the energization of one 
or more incandescent lamps 85 as might be de 
Sirable when my cranking System is applied to a 
notor Vehicle. 
From the foregoing description and the ac 

Companying dra Wing, it will now be readily un 
derstood that I have provided an improved crank 
ing System for internal combustion engines in 
Which the cranking motor can be energized by 
relatively low and relatively high voltages in 
Succession and Such energization will be carried 
out in an efficient and Satisfactory manner by 
a timed or Sequential actuation of a novel ar 
rangement Of control SWitches. It will be seen 
furthermore that with the arrangement of 
SWitches and the Switch actuating means which 
I have provided a cycle of operation is obtained 
in which the low and high voltage energization 
of the Cranking motor can be had for the de 
sired time intervals and thereafter the switch 
Operating nineariS is automatically returned to an 
initial position corresponding with a condition 
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of readiness of the cranking System. It will like 
Wise be seen that I have provided a novel con 
trol for the means which drives the Switch op 
erating means by. Which the proper energization 
of the driving means can be established by the 
Operator and will be maintained for the con 
plete cycle regardless of the subsequent actions 
of the operator. 
While I have illustrated and described my im 

proved cranking System in a more or less detailed 
nanner, it will be understood, of course, that I 
do not Wish to be limited to the precise arrange 
ment and functioning herein disclosed, but re 
gard my invention as including such changes 
and modifications as do not involve a departure 
from the Spirit of the invention and the scope of 
the appended claims. 

Having thus described my invention, I claim: 
1. In an engine cranking system, a cranking 

motor, current Supply means having terminals 
affording a relatively low voltage for initially 
energizing the cranking motor and a higher volt 
age for carrying out the cranking operation, cir 
cuit connections between said terminals and 
cranking motor including a plurality of switches 
for controlling such connections and the ener 
gization of the cranking motor at said low and 
higher voltages in Succession, motor-driven means 
for causing timed actuation of said Switches, cir 
cuit connections for the motor of said motor 
driven means, manually operable switch means 
in the last-mentioned circuit connections for 
starting Said motor-driven means, and automati 
cally actuated SWitch means in said last-men 
tioned circuit connections for stopping said no- : 
tor-driven means after predetermined operation 
thereof. 

2. In an engine cranking system, a cranking 
motor, current Supply means comprising a plu 
rality of batteries one of which has terminals 
affording different Voltages, a generator for 
charging Said batteries, circuit connections be 
tWeen said generator and batteries and between 
Said batteries and said cranking motor including 
a plurality of switches operable to control the 
charging circuit and the energization of the 
cranking circuit, at said different voltages, and 
notor-driven means for causing tinned actuation 
of Said SWitches. 

3. In an engine cranking system, a cranking 
motor, current supply means comprising storage 
batteries affording a relatively low voltage for 
initially energizing the cranking motor and a 
higher Voltage for carrying out the cranking 
Operation, a generator, circuit connections be : 
tWeen said batteries and generator and between 
Said batteries and cranking motor including a 
plurality of SWitches for controlling such con 
nections, Said Switches being operable in Succes 
Sion to establish a circuit for energization of the 
cranking motor at said relatively low voltage, 
a circuit for energization of the cranking motor 
at said higher voltage and to establish a circuit 
for charging the batteries from said generator, 
means for causing Such timed actuation of said 
SWitches including an operating means and an 
electric driving means therefor, and a switch 
controlled circuit for energizing Said driving 

ea.S. 
4. In an engine cranking System, a Ci'anking 

aotor, current supply means comprising storage 
batteries affording a relatively low voltage for 
initially energizing the cranking motor and a 
higher voltage for carrying out the cranking 
operation, a generator, circuit connections be 
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tween said batteries and generator and between 
said batteries and cranking motor including a 
plurality of switches for controlling such con 
nections, Said Switches being operable in succes 
Sion to establish a circuit for energization of the 
cranking motor at said relatively low voltage, a 
circuit for energization of the cranking motor at 
said higher voltage and to establish a circuit 
for charging the batteries from said generator, 
means for causing Such timed actuation of said 
switches including an operating means and an 
electric driving means therefor, a circuit for said 
driving means, and means controlling. the last 
mentioned circuit and adapted to cause auto 
matic stopping of the driving means after pre 
determined operation thereof. 

5. In an engine cranking system, a cranking 
motor, current Supply means comprising a bat 
tery having terminals affording different crank 
ing voltages, a generator for charging said bat 
tery, circuit connections between said generator 
and battery and between said battery and crank 
ing motor including a plurality of Switches for 
controlling such connections, and a motor-driven 
shaft having cams thereon for causing sequential 
actuation of Said Switches, 

6. In an engine Cranking System, cranking 
motor, current. Supply means having terminals 
affording a relatively low voltage for initially en 
ergizing the cranking motor and a higher voltage 
for carrying out the cranking operation, circuit 
connections between said terminals and crank 
ing motor including a plurality of Switches for 
controlling Such connections, means for causing 
timed actuation of said switches in a given cycle 
including an operating means and an electric 
driving means therefor, a circuit for said driving 
means, a manually operable Switch in the last 
mentioned circuit for energizing the same and 
initiating the operation of said driving means, 
and other switch means also actuated by said 
electric driving means and arranged for main 
taining the driving means energized until com 
pletion of said cycle and thereafter causing auto 
matic Stopping of the driving means. 

7. In an engine cranking System, a cranking 
motor, current Supply means having terminals 
affording different cranking voltages, circuit con 
nections between said terminals and cranking 
motor including a plurality of switches for con 
trolling such connections, a shaft having cams 
thereon and adapted to be driven for causing ac 
tuation of said switches in a predetermined cycle 
for applying the different cranking voltages to 
the cranking motor in succession, a second motor 
for driving said shaft, circuit connections for 
the second motor including a manual Switch for 
starting the same and other switch contacts 
driven by the second motor and arranged for 
maintaining the circuit for Said second motor 
energized until completion of said cycle and 
thereupon automatically stopping the second 
motor. 

8. In an engine cranking System, a cranking 
motor, current Supply means having terminals 
affording different cranking voltages, circuit con 
nections between said terminals and cranking 
motor including a plurality of switches for con 
trolling such connections, a shaft having cams 
thereon and adapted to be driven for causing 
sequential actuation of said Switches and the re 
turn of the cams to an initial position, electric 
driving means for said shaft, circuit connections 
for said electric driving means including a Switch 
having a pair of stationary contacts and a con 
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tact movable to engage either of said stationary 
contacts for initiating operation of said driving 
means, and a pair of movable interrupted timing 
contacts connected with said stationary contacts 
and adapted to be driven for causing continued 
operation of the driving means to complete the 
sequential actuation of said plurality of Switches 
and the return of Said cams to their initial posi 
tion. 

9. In an engine cranking System, a cranking 
motor, current Supply means affording different 
cranking Voltages, circuit connections between 
Said Supply means and cranking motor including 
a plurality of switches for controlling such con 
nections, a shaft having operating connection 
with said Switches and adapted to be driven for 
causing sequential actuation of said Switches and 
the return of the Switches to an initial setting, 
an electric driving motor for said shaft, circuit 
connections for said driving motor including a 
switch having a pair of stationary contacts and 
a contact movable to engage either of said sta 
tionary contacts for initiating operation of said 
driving motor, and a pair of interrupted timing 
contacts adapted to be driven by said driving 
motor and electrically connected with said sta 
tionary contacts for causing continued operation 
of the driving motor to complete the sequential 
actuation of said plurality of Switches and the 
return of Said Switches to their initial setting. 

10. In an engine cranking System, a cranking 
motor, current supply means affording a rela 
tively low voltage for initially energizing the 
cranking motor and a higher voltage for carry 
ing out the cranking operation, circuit connec 
tions between said supply means and cranking 
motor including sequentially operable means for 
controlling Such connections, said sequentially 
Operable means comprising a Switch means for 
establishing a circuit for energization of the 
cranking motor at a relatively low voltage and 
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a Switch means for energization of the cranking 
motor at said higher voltage, motor-driven means 
for actuating said SWitch means in Succession, 
circuit connections for the motor of Said motor 
driven means, and Switch means of the inter 
rupted contact type included in the last-men 
tioned circuit connections and actuated by the 
motor-driven means for timing the operation of 
the cranking motor at said low and higher volt 
ageS. 

11. In an engine cranking System, a cranking 
motor, current supply means comprising storage 
batteries affording a relatively low voltage for 
initially energizing the cranking motor and a 
higher voltage for carrying out the cranking op 
eration, a generator, circuit connections between 
said batteries and generator and between said 
batteries and cranking motor including sequen 
tially operable means for controlling such con 
nections, said sequentially operable means com 
prising a Switch means for disconnecting the 
generator and batteries and subsequently re 
establishing a charging circuit therebetween, a 
Switch means for establishing a circuit for en 
ergization of the cranking motor at a relatively 
low voltage and a Switch means for energization 
of the cranking motor at said higher voltage, 
motor-driven means for causing actuation of 
Said Switch means in succession, circuit connec 
tions for the motor of said motor-driven means, 
Switch means of the interrupted contact type in 
cluded in the last-mentioned circuit connections 
and driven by the motor of said motor-driven 
means for timing the operation of said cranking 
motor at Said low and high voltages and for 
stopping Said notor-driven means after said 
charging circuit has been reestablished, and 
manually Operable Switch means included in the 
last-mentioned circuit connections for initiating 
the Operation of Said motor-driven means. 
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