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This invention relates to control apparatus for 
internal combustion engines, particularly engines 
for automotive vehicles, and specifically to de 
vices for controlling the operation of the start 
ing apparatus for internal combustion engines. 
One object of the invention is to provide in 

proved means Operable under the control of the 
Operator of the Vehicle to effect driving connec 
tion between the starting motor and a part of the 
engine to be driven thereby, to effect the closing 
of a Switch controlling the starting motor, to 
render the driving connection between the motor 
and engine ineffective and open the switch when 
the engine starts. 
Another more specific object of the invention . 

is to provide a starting apparatus of this char 
acter which is provided with power operated 
means to accomplish these results. 
Another object of the present invention is to 

provide an engine starting apparatus which may 
be rendered operative through the use of one of 
the control members used in operation of the ve 
hicle, such, for instance, as the ignition SWitch 
and is automatically rendered effective whenever 
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the engine stalls during the operation of the 25 
Vehicle. 

It is a further object of the invention to pro 
Wide an engine starting device in which means 
is provided to prevent the starting motor be 
coming immediately operative on operation of . 
the control member such as the ignition switch, 
which is designed to render said starting device 
effective, in other words, to provide means to 
cause a slight delay after the operation of Such 
control before the starting motor becomes op 
erative. 

It is a further object of the invention to pro 
Wide improved means for controlling the opera 
tion of the automatic starting apparatus to pre 
vent the operation thereof during the operation 
of the engine under its own power. 
With these objects in view, Cne form of the 

invention includes the provision of a main start 
ing motor for driving the engine during the start 
ing operation and an auxiliary starting motor, the 
circuit of which is controlled by a manually op 
erated Switch and which is effective to first cause 
engagement of the driving pinion. With the engine 
flywheel, subsequently to close the switch of the 
main starting motor, and when the engine is 
started and operating under its own power, be 
comes effective to open the starting motor SWitch 
and cause disengagement of the driving pinion 
and the flywheel gear. 

4. 5 

the auxiliary motor is closed by the ignition 
Switch, the motor being rendered effective to per 
form the functions above described, while an 
automatic switch is also provided which is opera 
tive to prevent the closing of the auxiliary motor 
circuit when the engine is operating. This auto 
matic Switch is controlled jointly by engine suc 
tion and generator Voltage So that it is held open 
at all times that the engine is running under any 
operating conditions, and is so constructed that 
an appreciable time must elapse after the engine 
has stalled before the SWitch can close to permit 
operation of the auxiliary motor. 

Further objects and advantages of the present 
invention will be apparent from the following 
description, reference being had to the accom 
panying drawings wherein a preferred embodi 
ment of one form of the present invention is 
clearly shown. 
In the dra Wings: 
Fig. 1 is a fragmentary view partly in Section, 

of an engine starting apparatus constructed ac 
cording to the present invention. 

Fig. 2 is a detailed view partly in section, of 
the overrunning clutch shown in Fig. 1. 

Fig. 3 is a detailed sectional view of the auto 
matic SWitch controlling relay. 

Fig. 4 is a view similar to Fig. 1 showing a 
modified form of the mechanism operated by the 
auxiliary motor. 

Figs. 5 and 6 are diagrammatic views showing 
the Wiring connections for the two forms of the 
invention disclosed herein. 

Referring to Fig. 1 of the drawings particularly, 
2 indicates the field frame of an electric motor, 
the armature of which is indicated at 22. The 
frame 28 is secured to a gear housing 24, which is 
adapted to be attached to the engine frame (not 
shown). The frame 28 carries a bearing which is 
not shown herein, for supporting the left end of 
the armature shaft 26 carrying the armature 22 
and the frame 24 supports a bearing 28 for the 
other end of the shaft 26. The motor circuit is 
controlled by a switch contained in the housing 
3a) and more fully described later. The motor is 
normally disconnected from the flywheel 32 of 
the engine and is adapted to be placed in driving 
relation with said flywheel by the movement of 
the pinion 33 along the shaft 26 into position to 
engage the teeth of the flywheel gear. The pin 
ion 3A is secured in any desirable Way, to the 
outer member 36 of an Overrunning clutch of 
standard construction. This clutch need not be 
described in detail as its specific construction is 

In another form of the invention the circuit of 66 not material to this invention, but is fully illus 

  

  



2 2,302,680 
trated in Fig. 2 and includes an inner member 38 
having recesses therein to receive rollers 40 which 
are adapted to Wedge between the inner and outer 
members of the clutch. When the starting motor 
is operated to drive the engine flywheel, but 
which automatically releases when the engine 
operates under its own power and the outer mem 
ber of the clutch is moved more rapidly than the 
inner member so that the pinion can turn inde 
pendently of the motor shaft after the engine 
starts to operate. This is the ordinary construc 
tion used in the Overrunning clutch type of en 
gine starter and is in no Way novel. 
The inner member 38 of the clutch is Secured 

to or integral with a sleeve 42 which is pro 
vided With interior splines adapted to engage 
cooperating splines 44 formed on the shaft 26 
so that the inner clutch member 38 is adapted 
to be rotated by the shaft 26 when the motor 
SWitch is closed. On one end of the sleeve 42 
is secured a collar 46 having a groove 48 formed 
therein Which is adapted to be engaged by a pin. 
50 on one end of a lever 52 pivotally mounted 
at 54 on a stud which is fixedly secured in the 
housing 24. The other end of the said lever 52 
is pivotally connected to a short link 56, the 
other end of which carries a Switch contact 58 
of any suitable flexible construction adapted to 
be moved into position to engage the fixed con 
tacts 80 and 62 of the starting motor switch, so 
that said SWitch is closed When the sleeve 42 
is moved to the right Sufficiently to cause en 
gagement of the pinion 34 With the engine fly 
wheel 32, the construction being such that the 
SWitch is not closed until the engagement of 
the pinion and flywheel gear has been effected. 
The Switch contact is of flexible construction 
so as to permit a slight movement of lever 52 
after the contacts have been engaged so as to 
insure proper closing of the Switch under all cir 
cumstances and to compensate for Wear or man 
ufacturing inaccuracies. 
In Order to move the sleeve 42 to the right, as 

above described, applicant has provided an aux 
iliary motor 64, the circuit of which is controlled 
in a manner hereinafter described and which is 
provided with an armature shaft 66 carrying a 
beveled gear wheel 68 suitably secured thereto 
and adapted to engage a correspondingly beveled 
gear wheel 79, which is rotatably journaled on 
a partition plate 72 supported by the housing 24 
and Secured thereto by screws 74, as indicated 
in Fig. i. Received on a reduced extension of 
the hub of the gear T0 between the partition 72 
and a flange 76 on the hub of the gear wheel is 
a bearing member or bushing 78. The hub of 
the gear wheel is internally threaded as indi 
cated at 80, and engages a corresponding thread 
32 of relatively steep pitch on the outer surface 
of the sleeve 42 So that when the motor 64 is 
caused to operate, the gear T0 is rotated and by 
engagement of the thread 8) with the helical 
thread 82 formed on the sleeve 42, the sleeve, 
pinion and overrunning clutch assembly are all 
moved to the right into position to effect engage 
ment of the pinion 34 with the flywheel gear and 
to effect the closing of the switch of the starting 
motor Subsequent to the engagement of the 
gears referred to as previously described. The 
bushing 28 is provided with a flange 84 which 
serves as a stCp for the pinion as it is moved to 
the right. 
The auxiliary motor 64 is a relatively small 

motor of the shunt Wound type as indicated in 
the diagrammatic views in Figs. 5 and 6. This 
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notor is So designed that its acceleration is 
faster than that of the starting motor but it is of 
the maximum Speed type and has a maximum 
Speed considerably less than that of the starting 
motor Whereby the auxiliary motor is effective 
to cause demeshing of the pinion 34 and the 
engine flywheel When the engine begins to move 
under its own power and also is effective to aid 
the starting motor in turning the flywheel. The 
operation is Substantially as follows: When the 
pinion is caused to engage the flywheel and the 
starting motor is rendered effective by the clos 
ing of the motor SWitch, as previously described, 
the fly Wheel is turned by the starting motor to 
cause the engine to run under its own power, 
the clutch being so designed that the inner 
member of the clutch is effective to rotate the 
Outer member and hence rotate the pinion when 
the shaft 26 is operated by the starting motor. 
When the engine starts to run under its own 
power, the pinion tends to rotate at consider 
ably higher speed than the starting motor and 
because of the clutch connection, the pinion is 
enabled to rotate freely and more rapidly than 
the starting motor and the inner member of the 
clutch. When the engine starts to run under its 
OWn power, the action of the engine Suction and 
the generator, When operating at sufficient speed, 
is effective to open the automatic switch, pre 
viously referred to, which controls the circuit of 
the auxiliary motor So that the latter Slows 
doWn and finally stops, thus operating to reduce 
the speed of the gear 70. When said gear be 
gins to turn at a Speed less than that of the 
Starting motor, the action of its thread on sleeve 
42 is effective to move the sleeve to the left to 
disengage the driving pinion from the flywheel 
and open the Starting motor SWitch. Moreover, 
since the auxiliary motor has a maximum speed, 
the sleeve may be driven by the starting motor 
more rapidly than the speed of the gear TO 
before the circuit of the auxiliary motor is broken 
so that the gear 68 may act as a brake tending 
to retard the Speed of the gear 70 under these 
circumstances and because of the retardation 
of the gear 70 with respect to speed of rotation 
of the threaded sleeve 42, the helical thread 
is effective to move the gear 70, the clutch as 
sembly and the pinion to the left before the 
circuit of the auxiliary motor is broken. 
Also attention is directed particularly to the 

fact that because the acceleration of the aux 
iliary motor is greater than that of the starting 
motor, the former may aid the starting motor 
in cranking the engine. At the time the pinion 
is engaged and the starting motor switch is first 
closed, the auxiliary motor will be operating at a 
higher Speed than the starting motor and since 
the sleeve 42 cannot be moved further to the 
right, the auxiliary motor tends to turn the 
sleeve 42 and will continue to do so as long as 
the Speed of the starting motor is less than that 
of the auxiliary motor. 

It Will also be apparent that when an auxiliary 
notor of maximum speed type is employed with 
a manually controlled circuit such as shown in 
Fig. 6, and described in detail hereinafter, such 
notor may be effective to cause automatic dis 
engagement of the driving pinion from the fly 
Wheel and the Opening of the starting motor 
SWitch even when the manually operated switch 
Which controls the circuit of the auxiliary motor 
is held closed. When the engine begins to run 
under its own power, the starting motor begins 
to Operate at no load and as soon as its speed is   
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greater than that of the auxiliary motor, the 
gear 70 will not turn as fast as the sleeve 42, 
the auxiliary motor acting as a brake. Because 
of the threaded engagement of the gear and 
sleeve, this action will cause a movement of the 
sleeve to the left and consequent demeshing of 
the pinion and opening of the starting motor 
SWitch, 
When the pinion is moved to the right to cause 

engagement of the pinion with the flywheel gear 
as previously described, it may under certain cir 
cumstances be in such position that its teeth Will 
abut the teeth of the flywheel gear. Under these 
circumstances, the motion of the sleeve 42 longi 
tudinally being stopped, the action of the thread 
on the gear 70 on the helical thread 82 of the 
sleeve 42 will cause a slight rotation of the sleeve 
and the starting motor shaft to rotate the pinion 
to such position that it may be moved into en 
gagement with the flywheel teeth. 

In one form of the invention, the control of the 
circuit of the auxiliary motor may be entirely 
automatic except for the manual operation of the 
ignition Switch. In other words, the operator in 
order to start the engine merely closes the igni 
tion switch and the auxiliary motor is rendered 
effective to cause the operation of the starting 
motor in the manner heretofore described, and 
the circuit of the auxiliary motor is then broken 
and the auxiliary motor remains ineffective as 
long as the engine is operating under itS OWn 
power. In order to accomplish these results, 
means are provided which are controlled in part 
by the action of the generator and in part by the 
Suction of the engine to automatically control the 
circuit through the auxiliary notor, this means 
being best understood by examination of the dia 
grammatic view in Fig. 5. In another foim of 
the invention, the control of the auxiliary motor 
is by a manually operable switch which has no 
other function, as shown in Fig. 6. The form 
shown in Fig. 5 will be first described. 
The ignition switch includes a movable contact 

member 90 connected through the lead 92 to a 
battery 94 having a connection 96 extending to 
ground. The movable switch member 90 is 
adapted to engage a fixed contact 98 connected 
through a lead 0 with the ignition System (not 
shown) and through means hereinafter de 
scribed, one of the brushes 4 of the auxiliary 
motor 64 which is provided with a shunt field 
being indicated at 05. The other brush 04 of 
the auxiliary motor is connected through lead a 
to the fixed contact 2 of a secondary Switch or 
relay indicated in its entirety by the reference 
number 13, and has a movable contact 4, nor 
mally disengaged from the contact 2, but which 
is adapted to be engaged therewith when the igni 
tion switch is closed in the manner hereinafter 
described. The contact 4 is connected to the 
fixed terminal of the ignition SWitch by a Wire 
f6, and the shunt motor is grounded through 

wire 7, as indicated in Fig. 5. A third brush 
generator which may be of separately excited 
type, is indicated at 8 and is grounded as indi 
cated at 20. Connecting With the generator is 
wire 22, which extends to the usual cut-out relay 
which is also connected through the Wire 92 to 
the battery and to the ignition SWitch. The Wire 
22 from the generator is connected With the 
relay winding 24, through said Winding to the 
Wire 6 and thence with the fixed terriinal of 
the ignition switch. The specific construction of 
the relay 3 is disclosed fully in Fig. 3 and will 
be described in detail hereinafter. 
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On closing of the ignition SWitch, current passes 

from the battery to the ground and from the bat 
tery through the connection 92, the ignition 
Switch and the wire 90 to the ignition system and 
to the ground in the usual manner. Current also 
flows from the battery through the wire 92, the 
ignition switch, the wire 6, the winding 24 
and through the generator to the ground, the cut 
out relay being closed at this time because the 
generator is inactive. Also current passes from 
the battery to the ground through the connec 
tion 96, thus exciting the relay 3 to effect clos 
ing of the switch contacts 2 and 4. This ac 
tion effects closing of the circuit, through the 
auxiliary shunt notor from the battery through 
the connection 92, the ignition Switch, the con 
nection f6, the connection f, and the connec 
tion 7 to ground, so that the auxiliary motor 
becomes operative to move the sleeve 42 to the 
right as previously described to effect the mesh 
ing of the driving pinion 34 and the flywheel gear 
32 as well as to close the Switch of main starting 
motor 20. The latter is grounded as indicated 
at 28 and is connected through the wire 30 to 
One fixed contact 62 while the other fixed contact 
60 is connected through the wires 32 and 92 to 
the battery which is grounded through the con 
nection 96, as indicated in Fig. 5. 
The specific construction of the relay 3 which 

is shown in detail in Fig. 3, will now be described. 
This relay comprises a diaphragm chamber 
formed of two sheet metal shells 42 and 44, 
which are secured together by any desirable air 
tight joint and secured between the shells is a 
non-metallic diaphragm 48, which is adapted 
to be moved by the suction of the engine. An 
other cup-shaped shell f48 is secured to the shell 
42 and houses the winding 24 of an electro 
magnet having a core 52 and an armature 53. 
A bracket 54 is secured to the shell f48 in any 
suitable Way and extends therefrom to support 
in contact therewith the movable contact 4 
of the switch previously described, while the fixed 
contact 2 of such switch is also supported by 
but insulated from the bracket 54. One end of 
the winding 24 is connected to the lead 22 
and through the generator to the ground while 
the other end of said winding is connected to 
the lead f6 and through the ignition switch 
and lead 92 through the battery to the ground. 
The core 52 has an axial opening therethrough 
and this opening receives a rod 58 connected 
at its upper end to the diaphragm previously 
In entioned, and to arnature 53 received between 
a shoulder 60 on the rod and said diaphragm. 
Two metal disks 59 and 6 to give strength 
and rigidity to the central portion of the dia 
phragm and the whole assembly of the dia 
phragm, the armature and the disks 59 and 
6 are held in position by a cup-shaped washer 
62 over which the reduced end of the rod 

is riveted, or the end of the rod may be threaded 
and a suitable nut employed. Extending through 
an orifice in the shell 44 is a nipple 64, the 
shell being clamped between a flange 66 on the 
nipple and a washer f$8 threaded on the outside 
of said nipple. A reducing coupling 70 is screwed 
on the nipple 84 as indicated in Fig. 3, and is 
adapted to be connected to the intake manifold 
of the engine by a suitable form of air tight 
connection through which the engine suction is 
communicated to the diaphragm chamber, the 
coupling 79 having an axial passage 72 there 
through. Clamped between the nipple 64 and 

to a shoulder on the coupling 70 is a disk 4 pro 
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vided with a small hole 76 for a purpose here 
inafter referred to and received between this disk 
and the cup-shaped Washer 62 is a light spring 
78 which is effective to exert Only sufficient 

pressure on the diaphragm to hold the rod 56 
in contact with the movable Switch member 4, 
but with insufficient pressure to effect the closing 
of the Switch. 

It will be noted that in the illustrated em 
bodiment of the invention the air gap between 
the al'mature 53 and core 52, and the leakage 
gap 79 between the edge of the shell 42 and 
core 52 are substantially equal, it having been 
found that satisfactory results are obtained when 
these gaps are about is of an inch. By increas 
ing the air gap or decreasing the leakage gap 
the pull of the magnet on the armature is re 
duced and these gaps may be varied to give what 
ever result is desired. 
Attention is also called to the fact that the 

disk f6 is in effect an armature which is at 
tracted by the metal shell 44, since the magnetic 
flux passes through Such shell. Under certain 
operating conditions as will be more fully pointed 
out hereinafter, the disk S is moved into con- . 
tact with said shell 43 and forms a magnetic 
Seal therewith, for a purpose more fully described 
later. 
The operation of the parts previously described 

are as follows: Normally when the engine is not 3 
running the parts are in the position shown in 
Figs. 3 and 5 with the ignition Switch open, the 
relay switch open and the rod 56 in engage 
ment therewith, the Spring effort of the movable 
switch member and the Spring 78 being balanced : 
under these conditions. When the ignition switch 
is closed, current from the battery is caused to 
flow through the winding 59 by means of the 
connections above described. This will excite the 
magnet and cause the armature 53 to be moved 
to the left in Fig. 3 to effect the closing of the 
relay switch so that the circuit through the 
shunt motor 64 is completed as previously de 
scribed and said notor becomes effective to cause 
the meshing of the pinion and the operation 
of the starting motor, there being no suction 
effective at this time within the shell 44 so that 
tha movement of the diaphragm 46 with the 
arnature 53 is not opposed by engine Suction. 
In case of abutment of the gear teeth of the 
pinion and engine flywheel, the shaft 26 is ro 
tated slightly as previously described to permit 
proper engagement of the pinion and gear so 
that the starting motor is effective to drive the 
flywheel gear and cause the engine to start. 

During the cranking of the engine and before 
it starts to run under its own power, there is some 
degree of Suction prodused by the engine within 
the shell 44 but the air gap and the Space be 
tween the shell 2 and the core are so propor 
tioned that the pull of the relay magnet is Suffi 
cient under these circumstances to prevent the 
suction pulling the diaphragm to the right to 
permit the opening of the relay switch, the pull 
of the magnet being such that it requires from 
14'' to 16' of vacuum to overcome it. The gen 
erator is not being run at sufficient speed during 
the cranking operation to reduce the pull of the 
magnet by the action of counter voltage. When 
the engine starts to run under its own power, the 
generator runs fast enough to set up a counter 
voltage in the winding 24 of the magnet and 
when a predeteririined Speed is reached this coun 
ter voltage so reduces the pull of the magnet that 
the Suction of the engine pulls the diaphragm 4 
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2,302,680 
to the right in Fig. 3 and opens the relay switch, 
thus rendering the auxiliary motor ineffective 
and at the same time the auxiliary motor acts as 
a brake on the gear 70 which cause the demesh 
ing of the driving pinion and the stopping of the 
starting motor as previously described. 
AS long as the engine is running under its own 

power, the suction on the diaphragm 46 and the 
counter Voltage set up by the generator both co 
operate to prevent the closing of the relay switch 
and hence, no subsequent operation of the aux 
iliary motor or the starting motor can be effected 
as long as the engine remains in operation under 
its own power. When the diaphragm is operated 
upon by engine suction to open the relay switch 
the metal disk f S carried by the diaphragm is 
moved into engagement with the metal shell 44 
and a magnetic seal between the shell and the 
disk is established as previously referred to. The 
action of the magnetic seal aids the engine suc 
tion in holding the relay switch open against the 
action of the spring 78 and the pull of the mag 
net which is considerable at operation at low 
Speed and heavy load, because the counter volt 
age falls to a Small amount and the battery cur 
rent flows through the winding 24. The action 
of the magnetic seal is such that the vacuum may 
fall as low as .15 of an inch before the magnetic 
Seal will be broken. When this takes place the 
al'nature f33 will be moved to the left by a rap 
idly increasing force as the armature approaches 
its Switch closing position. Obviously, therefore 
the engine has to come practically to a stop be 
fore the relay switch can be closed and in that 
event the Starting operation to be repeated be 
Cause the ignition Switch remains closed and con 
ditions Would be the same as the initial opcra 
ation described. 
The washer 14 is provided with the small hole 
f6 to take care of a condition which might arise 

Under certain conditions, and if such washer were 
not provided, considerable damage and broken 
gear teeth might result. This washer is provided 
to cause an appreciable delay in the reoperation 
of the automatic starting mechanism in case the 
engine has been started and stalls almost imme 
diately and before the starting motor and the 
driving pinion has ceased to operate, in other 
Words, while these elements are still being oper 
ated due to the inertia of the parts. Under some 
conditions, the stopping of the engine might take 
place So quickly after it has been started that the 
Starting motor would still be turning relatively 
rapidly and if the pinion were noved to engage 
the flywheel gear under these conditions, damage 
to the gear teeth would result. Because of the 
Small hole in the washer 76, it takes an appre 
Ciable time after stopping of the engine for the 
Suction effective on the diaphragm 46 to drop to 
a point where closing of the relay switch can be 
effected. In fact, the parts are so constructed 
that approximately four seconds must elapse be 
fore the magnet 24 can become effective to per 
nit the closing of the circuit through the auxil 
iary motor and such a time interval is sufficient 
to allow the starting motor to come completely to 
rest under all operating conditions. There is 
also some delay in the meshing of the pinion and 
Closing of the starting motor switch after the 
auxiliary notor has become effective, and this 
delay may be varied to some extent by variation 
in the pitch of the threads on sleeve 42. 

It will be noted particularly that during the 
Cranking operation the auxiliary shunt motor is 
Operating and aids the main starting motor in   
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turning the flywheel gear so that a smaller start 
ing motor can be used than with starting devices 
heretofore employed. 
In Fig. 4 is shown a modified form of the inven 

tion in which all of the parts are Substantially 
of the same construction except the driving 
means operated by the auxiliary motor 64 to drive 
the flywheel gear, the construction being SOme 
what simplified. Instead of employing a slidable 
sleeve having helical threads thereon and an in 
termediate gear mounted on such threads, and 
driven by a motor gear with the pinion mounted 
on one member of an overrunning clutch, this 
form of invention discloses the pinion as formed 
integrally with a sleeve Splined to the starting 
motor shaft 26 and slidable thereon, the clutch 
having been eliminated, although the clutch 
could be employed if so desired. The Sleeve is 
provided with a helical gear f30 on its exterior 
surface which is engaged directly by another 
helical gear 82 which is secured to the arnature 
shaft 66 of the auxiliary notor 64. As the arma 
ture shaft 66 is rotated when the circuit is closed 
through the auxiliary motor, the helical teeth of 
the gear 82 reacting with the helical threads of 
the sleeve 83 effect a movement of Said sleeve to 
the right because of the angular relation of the 
teeth and in the event that the pinion abuts the 
flywheel gear teeth, the engagement of the gear 
82 with the teeth 89 is effective to rotate the 

sleeve which carries the pinion to proper posi 
tion for the pinion to engage the flywheel gear, 
and then to continue the movement of Said sleeve 
to the right as described in connection. With the 
first form of the invention. 
When the motor has been started and the 

speed of the flywheel is greater than the Speed 
of the starting motor, the pinion 82 is being 
driven by the threaded sleeve f30 and the reac 
tion of the gear teeth is the reverse of the action 
when the sleeve is being driven by the gear 82 
so that the sleeve is moved in the reverse direc 
tion, or to the left in Fig. 4 to accomplish the de 
meshing of the pinion from the flywheel and the 
opening of the switch of the starting motor in 
substantially the same manner aS previously de 
scribed in connection with the other form of the 
invention. The wiring diagram for this type of 
starter drive is just the same as for the other 
type and need not be described. The Wiring con- ; 
nections are shown in part in Fig. 6. 
The forms of the invention shown in FigS. 1 

and 4 comprise a control system for an internal 
combustion engine which is substantially auto 
matic in character that is, the device is effective : 
to cause operation of the starting motor and to 
effect engagement of the driving pinion. With the 
engine flywheel gear to start the engine when the 
ignition switch is closed and is effective to re 
start the engine into operation. Whenever said 
engine stalls, under any operating conditions 
without further attention on the part of the 
driver. The invention, however, is of broader 
aspect and is not in any way limited to an auto 
matic control system as above described, but Con 
prises a novel and improved means for causing 
Operation of the starting motor and engagement 
of the motor driven pinion with the engine fly 
wheel gear, which may be controlled by a manu 
ally, operated switch as well as by the automatic 
devices shown in FigS. 1 and 4. Such an arrange 
ment, is shown diagrammatically in Fig. 6 and 
Will now be described. 
The starting motor is indicated at 20 and has 

an armature shaft 20 on which is splined the 
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sleeve 282 secured to one member of the Over 
running clutch 203, the other member of which 
is secured to or integral with the driving pinion 
204, which is adapted to be moved into engage 
ment with the flywheel gear 235 to turn Said gear 
and start the engine when the starting motor is 
operated. A grooved collar 296 is carried by the 
sleeve 202 and engages a pin projecting from a 
lever 23, pivoted at 238 to operate a movable 
switch contact. 289 to close the starting notor 
switch whenever the pinion is noved to its gear 
engaging position. The sleeve. 22 is moved to 
engage the pinion 264 with gear 285 and to close 
the motor switch by an auxiliary motor 20. Such 
as previously having a gear 2 if mounted on its 
armature-shaft and engaging a gear 22, having 
threaded engagement with the sleeve 22, the 
construction of ail of the parts above described 
being the same as in the embodiment of the in 
vention shown in Fig. 1, so that further detailed 
description is not necessary. 
A battery 23 is grounded at 23 and coinnect 

ed through the wire 215 with one contact 26 of 
the motor switch which has another contact 2 
connected by a wire 28 with the starting motor 
28th which is grounded at 2 f3. A generator is 
shown at .229 and is provided With the usual Cut 
out, relay 22. Whenever the switch contact 28 
is noved by the auxiliary motor 28 to engage the 
contacts 25 and 27 it Will be obvious that the 
starting notor circuit is completed and the no 
for wiil rotate the pinion 294 to start the engine 
if the pinion is engaged with the gear 25. 
The operation of the auxiliary motor is coin 

trolled by a manually operable Switch in this en 
bodiment of the invention. The auxiliary motor 
is grounded at 222 and connected by the wire 
223 with one fixed contact 224 of a manually op 
erable switch which includes another fixed con 
tact 225 connected by wire 226 to the battery, 
and a movable contact member 22 adapted to be 
manually operated and normally held in i:S 
open position by a compressio:l Spring 38. 
Whenever the contact 22 is moved to engage the 
contacts 224 and 225 current flows from the bat 
tery through the connection 224 to the ground, 
from the battery through the wire 225 to contact 
225, contact member 22, contact 223, and wire 
223 to the auxiliary motor and through the 
ground connection 222 to ground, completing the 
circuit of the auxiliary motor and rendering said 
motor effective to perform its functions of clos 
ing the starting motor circuit and engaging the 
pinion 234 with the engine gear 265. It will be 
understood that in this embodiment of the inven 
tion the auxiliaiy motor circuit is not automati 
cally broken as in the previously described forms 
of the invention but remains closed until the 
contact, member 227 is permitted to be moved to 
its disengaged position by action of the operator. 
The auxiliary motor for shifting the driving 

pinion and controlling the starting ractor, in a 
manually controlled circuit has several advan 
tages, one of which is apparent because it consti 
tutes means for performing these functions 
which in the pedal shift type of starter have been 
effected by manual effort. The motor also, aids 
the main Starting motor in cranking the engine 
and When the engine begins to run under its own 
power the gear 2 acting as a brake on the gear 
22 effects demeshing of the pinion and flywheel 
gear without the use of any additional means 
to perform this function. 
While the form cf embodiment of the present, 

invention as herein disclosed, constitutes a pre 
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ferred form, it is to be understood that other 
forms might be adopted, all conning within the 
Scope of the claims which follow. 
What is claimed is as follows: 
1. Control apparatus for internal combustion 

engines, comprising in combination, a starting 
motor normally disconnected from the engine, 
a current Soulce for Supplying current to said 
Starting motor, a switch for connecting said 
Starting motor With said current source, an aux 
iliary rotary motor for establishing driving con 
nection between said starting motor and the en 
gine and for closing said SWitch to connect the 
Starting motor with the current source, and 
means Whereby the auxiliary motor is effective 
to aid the starting motor in driving the engine 
When driving relation is established between the 
Starting motor and the engine, said auxiliary mo 
tor being adapted to receive current from Said 
current Source. 

2. Control apparatus for internal cornbustion 
engines, comprising in combination, a current 
Source, a starting motor normally disconnected 
from the engine, a shiftable member for estab 
lishing driving connection between tha Starting 
motor and the engine, and an auxiliary notor 
Operable to move the shiftable innernber into pc 
sition to complete the driving connection be 
tWeen the starting notor and engine, and to in 
terrupt the driving connection between Said 
starting motor and engine when the latts; be 
gins to operate under its own power. 

3. Control apparatus for internal combusticn 
engines, comprising in combination, a Starting 
motor, a current Source Supplying current to Said 
starting motor, a SWitch for connecting the Start 
ing motor with the current source, a sleeve slid 
able on the starting motor shaft, means operated 
by Said sleeve to close said switch, an auxiliary 
rotary motor and means operated thereby for 
operating said sleeve. 

4. Control apparatus for internal combustion 
engines, comprising in combination, a starting 
motor, a current source supplying current to said 
starting motor, a SWitch for connecting the Start 
ing motor with the current Source, a sleeve Slid 
able on the starting motor Shaft and noVable to 
simultaneously close said Switch and effect div 
ing relation between the starting motor &nd the 
engine, an auxiliary rotary motor and means op 
erated by the auxiliary motor to move said sleeve. 

5. Control apparatus for internal combustion. 
engines, comprising in combination, a starting 
motor, a current source supplying current to said 
Starting motor, a SWitch for connecting the Start- : 
ing motor With the current Source, a threaded 
sleeve slidable on the starting motor Shaft and 
adapted to operate the starting motor SWitch and 
render said motor effective to drive the engine, 
a gear for sliding Said sleeve When rotated, an 
auxiliary motor having an armature shaft, and a 
gear mounted thereon and directly engaging Said 
first mentioned gear to effect movement of the 
sleeve on Operation of the auxiliary notor. 

6. Control apparatus for internal Conbustion 
engines, comprising in combination, a starting 
motor, a current source Supplying current to said 
starting motor, a generator, an auxiliary rotary 
motor adapted to render the starting motor ef 
fective to drive the engine, and an altonnatic re 
lay adapted to control the circuit of said aux 
iliary motor, said relay comprising Switch con 
tacts, an electronagnet adapted to close Said 
contacts when the generator is in Operative, and 
a suction operated diaphragm adapted to open 
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Said contacts when the engine suction exceeds 
a predetermined amount. 

7. Control apparatus for internal combustion en 
gines, comprising in combination, a starting mo 
tor, a current Sourcesupplying current to said start 
ing motor, a generator, an auxiliary motor adapted 
to render the Starting notor effective to drive 
the engine, and an automatic relay adapted to 
control the circuit of said auxiliary motor, said 
relay comprising Switch contacts, a housing con 
taining an electromagnet adapted to close said 
SWitch contacts and having a diaphragm cham 
ber formed therein, a diaphragm in said chamber 
adapted to be operated by engine suction to open 
Said contacts, a disc carried by said diaphragm 
and forming an armature, said disc adapted to 
be moved into engagement with said housing on 
high engine Suction to form a magnetic Seal 
therewith and aid the engine suction in prevent 
ing closing of the Switch contacts, and means for 
Communicating the engine suction to the dia 
phragm chamber. 

8. Control apparatus for internal combustion 
engines, comprising in combination, a current 
Source, a starting motor adapted to receive cur 
rent from Said Source and normally discon 
nected from the engine and having an armature 
shaft extending therefrom, a shiftable member 
Slidable on Said shaft for establishing driving 
connection between the starting motor and the 
engine, a SWitch controlling the circuit between 
the current Source and said starting motor and 
adapted to be operated by Said slidable member, 
an auxiliary motor having a rotary armature 
Shaft, means whereby rotation of the armature 
shaft of the auxiliary motor moves the slidable 
member on the shaft of the starting notor to 
establish driving connection between said start 
ing motor and the engine, and to close the start 
ing motor Switch, and means for controlling the 
Operation of the auxiliary motor, 

9. Control apparatus for internal combustion 
engines, Comprising in combination, a current 
Source, a starting motor adapted to receive cur 
rent from said Source and normally disconnected 
from the engine and having an armature shaft 
extending therefron, a shiftable member Slidable 
on Said shaft for establishing driving connection 
between the starting motor and the engine, an 
auxiliary motor having a rotary armature shaft, 
operating mechanism between the armature 
Shaft of the auxiliary motor and the slidable 
member so constructed that rotation of said ar 
nature Shaft causes sliding movement of Said 
member along the shaft of the starting motor 
to establish driving connection between the 
Starting motor and engine, Said operating mech 
anism being also So constructed as to cause a 
movement of Said slidable member in the reverse 
direction. When the engine starts to run under 
its own power to disable the driving connection 
between the starting motor and the engine. 

10. Control apparatus for internal combustion 
engines, comprising in combination, a current 
Source, a Starting motor adapted to receive cur 
rent from Said Source and normally disconnected 
from the engine and having an armature shaft 
eXtending therefron, a shiftable member slid 
able On Said Shaft for establishing driving con 
nection between the starting motor and the en 
gine, an auxiliary motor having a rotary armature 
Shaft, Cperating mechanism between the arma 
ture Shaft of the auxiliary motor and the slidable 
member SO constructed that rotation of said 
arnature Shaft causes sliding movement of said   
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member along the shaft of the starting motor to 
establish driving connection between the starting 
motor and engine, means for causing the auxiliary 
motor to Stop When the engine is running at a 
predetermined speed, said operating mechanism 
being SO constructed as to cause a movement of 
Said slidable member in the reverse direction 
when the motor starts to run under its own power 
independently of the stopping of the auxiliary 
motor. 

ll. Control apparatus for internal combustion 
engines, comprising in combination, a starting 
motor, a current source for supplying current to 
Said Starting motor, a circuit between said start 
ing notor and current Source having a main 
starter switch therein, an auxiliary rotary motor 
for operating said Switch and also in circuit With 
the current Source, a generator, a manually oper 
able switch for rendering said auxiliary motor 
effective, and an automatic SWitch. Controlled 
jointly by suction of the engine and the generator 
for rendering the auxiliary motor ineffective. 

12. Control apparatus for internal Combustion 
engines, comprising in Combination, a starting 
motor, a current Source for Supplying current to 
said starting notor, a circuit between Said Start 
ing motor and current Source, an auxiliary ro 
tary motor also in circuit with said current source 
and adapted When operative to cause the starting 
motor to become effective to drive the engine, an : 
ignition switch, means whereby closing of the 
ignition Switch causes the auxiliary motor to be 
come operative, and an automatic SWitch operated 
by engine Suction to CauSe Said auxiliary motor 
to become inoperative when the engine is run 
ning under itS OWn power. 

13. Control apparatus for internal combustion 
engines, comprising in combination, a Starting 
motor normally disconnected from the engine, a 
shiftable member operative to establish driving 
connection between the Starting motor and the 
engine, a current Source, a circuit between Said 
current source and said starting motor, a starter 
switch in said circuit adapted to be closed by 
movement of said shiftable member, an auxiliary 
rotary motor also in circuit With Said current 
source and adapted when operative to move Said 
shiftable member into position to establish driv 
ing connection between the starting motor and 
the engine and to close Said Starter Switch, a 
manually operable switch for causing the auxil 
iary motor to become operative and an automatic 
switch operable by engine suction to cause Said 
auxiliary motor to become inoperative when the 
engine is operating under itS OWn power. 

14. Control apparatus for internal combustion 
engines, comprising in combination, a starting 
motor normally disconnected from the engine, a 
shiftable member operative to establish driving 
connection between the starting motor and the 
engine, a current source, a circuit between said 
current source and said starting motor, a starter 
switch in said circuit adapted to be closed by 
movement of said shiftable member, an auxiliary 
rotary motor also in circuit With Said current 
source and adapted when operative to move Said 
shiftable member into position to establish driv 
ing connection between the starting motor and 
the engine and to close Said starter Switch, a 
manually operable switch for causing the auxil 
iary motor to become operative, a generator, and 
an automatic switch operable by engine Suction 
and the generator to cause said auxiliary motor 
to become inoperative when the engine is Oper 
ating under its own power. 
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15. Control apparatus for internal combustion 

engines, COImprising in Combination, a current 
Solice, a starting motor adapted to receive cur 
rent from Said Source and normally disconnected 
from the engine, a drive shaft operable by said 
213 otor, a rhember adapted to be moved laterally 
to establish driving Connection between the start 
ing rotor and the engine and in driving relation 
With Said drive shaft in either normal or shifted 
position, an auxiliary rotary motor, means oper 
ated by rotatioja of Said auxiliary motor to move 
Said inenber laterally to connect the starting 
motor in driving relation. With the engine, said 
Ireans being So constructed that subsequent to 
the connection cf the starting motor in driving 
relation. With the engine the auxiliary motor is 
Cg&rative to aSSist, the starting motor in driving 
Said engine, and means for controlling the oper 
ation of Said auxiliary motor. 

18. Control apparatUS for internal combustion 
engines, comprising in combination, a current 
Source, a Starting. I notor adapted to receive cur 
ient from Said Source and normally disconnected 
from tile engine, a drive Shaft operable by said 
2:lotor, 3, Sleeve having a helical thread slidable 
Cr. Said drive shaft, and rotatable therewith, a 
driving Eileriger Carried by and rotatable with 
Said sleeve during the starting of the engine, a 
'Otatable member engaging Said thread and held 
against lateral displacement whereby rotation of 
Said rotatable menoer causes a sliding move 
inent Cif Said Sleeve to effect engagement of the 
driving member with the driven part of the en 
gine, an auxiliary notor for operating said ro 
tatable member, and means for controlling the 
operation of Said auxiliary motor. 

17. Control apparatus for internal combustion 
engines, comprising in combination, a current 
Source, a starting motor adapted to receive cur 
I'ent from Said Source and normally disconnected 
from the engine, a drive shaft operable by said 
Inotor, a sleeve having a helical thread slidable 
On said drive shaft and rotatable therewith, a 
driving member carried by and rotatable with 
Said Sleeve during the starting of the engine, a 
rotatable member engaging said thread and held 
against lateral displacement, whereby rotation of 
said rotatable member causes a sliding movement 
of Said sleeve to effect engagement of the driving 
member with the driven part of the engine, a 
Switch for connecting the starting motor with the 
Current Scurce, means for effecting rotation of 
Said rotatable member, and means carried by said 
Sleeve to effect closing of said switch during the 
Sliding movement of said sleeve. 

i8. Control apparatus for internal combustion 
engines, comprising in combination, a current 
source, a starting motor, an ignition switch, means 
Operable on closing of the ignition switch to ren 
der the starting motor effective to drive the 
engine, Said means comprising a sleeve slidable 
On the armature Shaft of the starting motor, an 
auxiliary motor, a rotatable member rotated by 
the auxiliary motor to effect sliding movement of 
Said sleeve, and Ileans constructed to delay the 
Operation of the starting motor relative to the 
closing of the ignition switch, said means com 
prising a reduction gearing between the auxiliary 
motor and the rotatable innenber. 

19. Control apparatus for internal combustion 
engines, comprising in combination, a current 
Source, a Starting motoi", an ignition switch, a 
Starting motor switch, means operable on closing 
of the ignition switch to close the starting motor 
Switch and establish driving relation between 
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the starting motor and the engine, said means 
comprising a sleeve slidable on the armature 
shaft of the starting motor, an auxiliary motor, 
a rotatable member rotated by the auxiliary mo 
tor to effect sliding movement of said sleeve, and 
means constructed to delay the closing of the 
starter Switch and establishment of driving con 
nection between the starting motor and the en 
gine, Said means comprising a reduction gearing 
between the auxiliary motor and the rotatable 
member. 

20. Control apparatus for internal combustion 
engines, comprising in combination, a Starting 
motor normally disconnected from the engine, a 
Current Source for supplying current to said 
Starting motor, a Switch for connecting said 
starting motor With the current source, an auxil 
iary rotary motor operated by current from said 
current Source, a member shiftable in a recti 
linear path for establishing driving connection 
between the Starting motor and the engine and 
for closing said switch and so constructed that 
the rotary movement of Said motor effects recti 
linear movement of said member. 

21. Control apparatus for internal combustion 
engines, comprising in combination, a starting 
motor normally disconnected from the engine, a 
Culrrent source for Supplying current to said 
starting motor, a switch for connecting said 
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starting motor with the current source, an auxil 
iary rotary motor operated by current from said 
current source, a member shiftable in a recti 
linear path for establishing driving connection 
between the starting motor and the engine and 
for closing Said SWitch and SO constructed that 
the rotary movement of Said auxiliary motor ef 
fects rectilinear movement of said member, said 
operating mechanism including a reducing gear 
ing between the auxiliary motor and said mem 
ber whereby the movement of said member to 
position to close the switch is delayed with re 
Spect to the operation of Said auxiliary motor. 

22. Control apparatus for internal combustion 
engines, comprising in combination, a starting 
motor normally disconnected from the engine, a 
current source for Supplying current to said 
Starting motor, a Switch for connecting Said 
starting motor with the current source, an auxil 
iary rotary motor operated by current from Said 
current source, means operable by Said auxiliary 
motor for establishing driving connection between 
the starting motor and the engine and for closing 
said starter switch, and reducing gearing between 
Said last named means and the auxiliary motor 
whereby the operation of Said last named means 
is delayed with respect to the operation of the 
auxiliary motor, 

JOHN B, DYER. 


