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Patented Feb. 14, 1950 2497,462 

UNITED STATES PATENT of FICE 
2,49,462 

STARTER, MOTOR CONTROL SYSTEM FOR 
INTERNAL-COMBUSTION ENGINEs 
Earl Finley MeCracken, Turner, Mont. 

Applieation April 15, 1949, Sera No. 8,89 

This invention relates to starter motor control 
circuits for internal combustion engines, and more 
particularly to a starter motor control system for 
energizing the starter motor upon closing of the 
engine ignition switch and including means posi 
tively precluding energization of the starter motor 
while the engine is running. 

It is among the objects of the invention to pro 
vide an improved ignition switch-operated, 
starter-motor control system for an internal con 
bustion engine which system is effective to ener 
gize the engine-starting motor upon closing of the 
ignition switch, de-energize the starting motor 
upon starting of the engine, and thereafter main 
tain the starting motor deenergized until the ig 
nition switch is turned off and on again regardless 
of whether or not the engine remains in opera 
tion, which positively precludes accidental ener 
gization of the starting motor during engine oper 
ation, even though the engine intake manifold 
pressure should rise to near atmospheric pressure, 
the generator drive should break or the tempera 
ture of the engine or its cooling fluid drop below a 
predetermined value, and which is simple and in 
expensive in construction and can be applied to 
an existing engine ignition and starting system 
without material modification of such system. 
Other objects and advantages will become ap 

parent from a consideration of the following de 
scription and the appended claims in conjunction 
with the accompanying drawings, wherein: 

Figure 1 is a diagrammatic illustration of a 
fragmentary portion of an internal Combustion 
engine and an engine starter motor control sys 
ten, illustrative of the invention; 

Figure 2 is a top plan view of the control unit 
for precluding accidental energization of the 
engine-starting motor while the engine is in oper 
ation; 

Figure 3 is a side elevation of the control unit 
illustrated in Figure 2; and 

Figure 4 is a longitudinal, medial cross-section 
of the starter unit showing the parts in a some 
what different operative position from that illus 
trated in Figure 3. 

Referring to the drawings, in detail, and par 
ticularly to Figure i, the internal combustion 
engine, generally indicated at 10, has a starting 
motor , a battery 2, one side of which is 
grounded at 3, a battery charging generator 
having a relay cut-out connected thereto, and an 
intake manifold 6 to which is connected the car 
buretor . 
The primary starting motor circuit extends 

from the ungrounded side. of the battery 2 to a 
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ground connection through the starting motor 

and includes an electro-magnetic switch, gen 
erally indicated at B. As illustrated, this circuit 
includes wires 9, 2 and 2 leading from the 
battery to one terminal 22 of the switch 8, and a 
branch wire 23 leading to one side of the coil 2 
of the electro-magnetic switch, a wire 25 leading 
from the other terminal 2 of the switch to one 
side of the starter motor , and a conductor 2 
which grounds the opposite side of the motor . 
This primary starting motor circuit is well 

known to the art and does not constitute a part 
of the present invention, except in the combina 
tion thereof with the novel circuit control means, 
later to be described. 
The energizing circuit for the coil 24 of the 

electro-magnetic relay or switch includes the 
wires 9, 20 and 23 leading from the battery to 
One side of the coil, a wire 28 leading from the 
other side of the coil to the circuit control, relay 
unit, generally indicated at 30, the unit 3 and a 
conductor grounding the unit 30. 
The control unit 30 includes an electro-mag 

netic relay including a core 32, a coil 33 surround 
ing the core, and a housing 24. The wire 28 
is electrically connected to the housing which 
housing is mounted on a support 5 by bolt and 
insulated from the support by suitable layers of 
insulating material 3. At its end opposite the 
Support 35 the housing 34 has an outwardly-ex 
tending apertured tongue B, and a leaf spring 
39 is secured to this tongue by a screw 40 and 
extends toward the upper end of the core 2 of 
the relay. A relay armature 4 is secured to the 
free end of spring 39 and positioned above the 
core 32, and a switch arm 42 is connected at one 
end to the spring 39 and extends past the core 
32. This switch arm is provided at its end remote 
from the spring 39 with a switch contact 43. A 
bracket 44 is mounted on the support 35 by a 
Screw 5 and insulated from the support. This 
bracket is positioned adjacent the relay coil 33 
and carries On its upper end a switch contact 
in alignment with the contact 43 on arm 42. 
When the coil 3 of the relay is energized, the 
magnetized core 32 attracts the armature 4 pull 
ing the armature toward the core and moving the 
switch arm 42 to bring the contact 43 into elec 

cally conductive engagement with the contact 
6. 
A spring arm 4 is secured to the bracket 44 

near the Support 35, or may be mounted on the 
support and insulated therefrom. This spring 
arm extends substantially parallel to the bracket 
44 and carries at its free end a switch contact 48. 
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A hollow container 49, preferably of circular 
shape, is secured by an angle bracket 5 to the 
support 35, and contains a flexible diaphragm Sl 
marginally secured to the container intermediate 
the length of the latter by the beaded-over flange 
joints 52 which secure the two parts of the con 
tainer together. A tubular fitting 5 is Secured 
at one end in a central aperture provided in one 
end wall of the container 49, and an apertured 
cap 54 is threaded onto the end of the fitting 
remote from the container. A tubular conduit 5 
is secured at one end in the cap 54 by a suitable 
packing nut 56, and the other end of this tubular 
conduit is connected through a conduit 5 to the 
interior of the engine intake manifold it. The 
conduit 57 may be a special conduit, or may be a 
conduit normally provided to connect the engine 
intake manifold with the windshield wipers of a 
vehicle, and the conduit 55 may be connected to 
the windshield wiper conduit 57 by a T-fitting 58. 
A coiled compression spring 59 is enclosed in 

the tubular fitting 53 and bears at one end 
against the inner surface of the cap 54, and at 
its opposite end against an abutment 60 secured 
to the diaphragm 5 to resiliently urge the dia 
phragm in a direction away from the tubular 
fitting 53 and toward the angle bracket 50. 
A U-shaped plunger B is secured to the dia 

phragm at the side of the latter opposite the 
abutment 60, and extends through suitable aper 
tures 62 and 63 provided in the angle bracket 50, 
and in the end wall of the container 49 secured 
to the angle bracket. At its end remote from the 
diaphragm 5 this plunger carries a switch con 
tact 64 in alignment with the contact 4 on the 
spring arm 47. 
When the engine is not operating, the spring 59 

moves the plunger 6 to bring the contact 4 into 
electrically conductive engagement with the con 
tact 48, as illustrated in Figure 4. 
An energizing circuit for the relay coil 33 ex 

tends from the ungrounded side of the battery 
through the relay coil and to ground at 3 and 
includes the engine ignition switch 64. This cir 
cuit includes the wire 9, and wires 65 and 6 
leading to one side of the ignition switch, a wire 
67 leading from the opposite side of the ignition 
switch to one side of the coil 33, and a wire 68 
leading from the opposite side of the relay coil 
to the bracket 50 which is grounded through the 
housing 49 and conductor 3?. 
When the ignition switch is closed, the relay 

coil 33 will be energized and will remain ener 
gized until the ignition Switch is re-opened. 
Assuming that the engine is not in operation, 

and that the switch contacts 48 and 64 are in elec 
trically-conductive engagement, as illustrated in 
Figure 4, energization of the coil 33 will mag 
netize the core 32 and cause the core to attract 
armature 4f thereby bringing switch contacts 3 
and 46 into electrically-conductive engagement. 
The energizing circuit for the coil 24 of the first 
magnetic relay switch is will now be completed 
from the ungrounded side of battery f2 through 
the coil 24 and through the contacts 43-46 and 
8-64 of the control unit 30 to ground at 3. 
Energization of the coil 24 of electro-magnetic 
Switch 8 will cause the switch bar 69 to elec 
trically inter-connect the terminals 22 and 2B 
completing the primary starting circuit from the 
ungrounded side of the battery through the elec 
tro-magnetic switch f and through the starting 
motor to ground at 27. The starting motor if 
will now be energized to crank the engine. 
AS Soon as the engine is started and begins to 
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operate, the air pressure in the engine intake 
manifold is brought below atmospheric pres 
sure and the diaphragm 5 is moved toward the 
tubular housing 53 against the force of spring 39 
Separating the contacts 48 and 64. This imme 
diately breaks the energizing circuit for the coil 
24 of the electro-magnetic switch 8, and this 
Switch 8 opens interrupting the primary circuit 
to the starting motor fi and discontinuing opera 
tion of the starting motor. 
An arm O is pivoted by a pin 7 on lugs 72 at 

tached to the angle bracket 50 at the opposite 
side of the latter from the container 49, and this 
arm has a rounded end of cam T3 disposed be 
tween two cam abutments 74 and 75 carried by the 
U-shaped plunger 6 at respectively opposite ends 
of the latter. The lever 70 carries an armature 
76 on its end remote from the cam 73, which 
armature is electrically insulated from the lever 
at the connection 77 between the armature and 
the lever. 

In the absence of manifold vacuum in the en 
gine intake manifold 6 sufficient to compress the 
spring 59, the spring holds the contacts 48 and 
64 in electrically-conductive engagement with 
each other, and at the same time holds the lever 
0 and armature 76 in raised position, as illus 

trated in Figures 3 and 4. When the engine starts 
and the engine intake manifold moves the di 
aphragm 5 to compress the spring 59, the arma 
ture 76 is lowered to the upper end of the electro 
magnetic relay core 32. The electro-magnetic 
coil 33 being continuously energized as long as 
the ignition Switch 64 is closed, once the arma 
ture 76 has been brought to a position adjacent 
the end of the electro-magnetic core 32, the 
magnetization of this core will hold the armature 
in that position and maintain the contacts 48 and 
64 separated as long as the coil 33 is energized. 
The starting motor thus cannot be re-energized 
after the engine has started without first de 
energizing the electro-magnetic coil 33 by open 
ing the ignition switch 64. 

In the operation of the device the control unit 
30 will first be in the condition illustrated in 
Figure 3 with the contacts 43 and 46 separated, 
and the contacts 48 and 64 in electrically-con 
ductive engagement. The ignition switch 64 is 
then closed, completing the energization circuit 
for the coil 33 of the electro-magnetic relay, gen 
erally indicated at 78. Energizing the relay 78 
causes the core 32 of this relay to attract the 
armature 4, closing the contacts 43 and 46 and 
thereby completing the energizing circuit for the 
coil 24 of the electro-magnetic relay switch 8. 
This closes the switch bar 69 with the contacts 
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22 and 26 and completes the energizing circuit 
for the starter motor . The starter motor now 
Operates to crank the engine 0 and as soon as 
the engine starts and begins to operate, its intake 
manifold vacuum acts on the diaphragm 5, mov 
ing the diaphragm against the force of spring 
59 to separate the contacts 48 and 64. This opens 
the energizing circuit for the coil 24 of the elec 
tro-magnetic relay switch 8 which causes this 
electro-magnetic relay switch to open and break 
the energizing circuit for the starter motor , 
de-energizing the starter motor and discontinuing 
its engine-cranking operation. When the plunger 
6 is moved by the diaphragm 5f to separate 
the contacts 48 and 64, it simultaneously moves 
the armature 76 toward the adjacent end of the 
core 32 of the relay 78 to hold the contacts 48 
and 6 separated, so that the energizing circuit 

75 for the coll of the electro-magnetic relay switch 
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8 cannot be re-established. The relay coil 33 
remains energized as long as the ignition Switch 
64 is closed, and therefore, the energizing cir 
cuit for the switch coil 24 cannot be re-established 
as long as the ignition Switch remains closed re 
gardless of whether the engine continues in Op 
eration or other conditions occur, Such as in 
Crease of the intake manifold pressure due to 
open-throttle operation at slow speed of the 
engine, stopping or malfunctioning of the engine 
battery-charging generator, or cooling of the 

O 

engine or its cooling fluid. The only way that 
the starting motor can again be placed in 
Operation is to open the ignition Switch 64 to 
deenergize the relay coil 33, thereby releasing 
the armature 76, so that the spring 59 can re 
turn this armature to its raised position, as illus 
trated in Figure 4, and close the contacts 48 and 
64. Figure 4 represents the condition of the con 
trol unit during the time the starting motor is 
energized to crank the engine, and Figure 1 illus 
trates the condition of the control unit during 
engine operation, 
The invention may be embodied in other specific 

forms without departing from the spirit or es 
Sential characteristics thereof. The present em 
bodiment is, therefore, to be considered in all re 
Spects as illustrative and not restrictive, the scope 
of the invention being indicated by the appended 
claims rather than by the foregoing description, 
and all changes which come within the meaning 
and range of equivalency of the claims are, there 
fore, intended to be embraced therein. 
What is claimed is: 
1. A starter motor control system for an in 

ternal combustion engine having a starting mo 
tor, an ignition switch, a storage battery grounded 
at One side, and an intake manifold comprising 
a starting motor energizing circuit extending 
from the ungrounded side of the battery 
through the starting motor to ground and in 
cluding a first electro-magnetic relay switch, an 
energizing circuit for said first electro-magnetic 
relay Switch extending from the ungrounded side 
of the battery through said first electro-magnetic 
switch to ground and including a second electro 
magnetic Switch and a pressure-operated switch 
in series with said second electro-magnetic switch 
and pneumatically connected to the engine in 
take manifold, an energizing circuit for said sec 
Ond electro-magnetic relay Switch extending from 
the ungrounded side of the battery through said 
second electro-magnetic switch to ground and in 
cluding the engine ignition switch, and locking 
means for Said pressure-operated Switch moved 
by said pressure-operated switch upon the appli 
cation of engine intake manifold vacuum to the 
latter and held by said second electro-magnetic 
switch upon energization of the latter to main 
tain said pressure-operated switch in open con 
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dition while said ignition switch remains closed 
to thereby preclude re-energization of Said start 
ing motor while the ignition switch remains 
closed. 

2. In an internal combustion engine starting 
system including a source of electrical energy, 
a starting motor, an energizing circuit for said 
starting motor, an electro-magnetic relay Switch 
in said circuit, an engine ignition Switch and an 
engine intake manifold, control means for said 
starting motor energizing circuit comprising an 
energizing circuit for said electro-magnetic relay 
switch, a second electro-magnetic relay Switch 
and a pressure-operated switch included in Series 
in said last-mentioned circuit, means pneumati 
cally connecting said pressure-operated Switch to 
the engine intake manifold for opening said 
switch by the intake manifold vacuum incident 
to engine operation, an energizing circuit for said 
second electro-magnetic switch including the en 
gine ignition switch and effective to maintain 
said second electro-magnetic relay SWitch closed 
and energized as long as the ignition SWitch re 
mains closed, and means moved by Said pressure 
operated switch and held by Said second electro 
magnetic switch in position to maintain said 
pressure-operated Switch open as long as said 
second electro-magnetic relay switch remains en 
ergized to thereby preclude re-energization of the 
starting motor without opening the ignition 
Switch. 

3. Control means for an internal Combustion 
engine starting System comprising a starting no 
tOr energizing circuit, an electro-magnetic relay 
switch and a preSSure-operated SWitch interposed 
in series in said circuit, an energizing circuit for 
said electro-magnetic relay SWitch, a manually 
closable Switch interposed in Said last-mentioned 
circuit, and circuit-interrupting means for said 
first-mentioned circuit moved to circuit-inter 
rupting position by Said pressure-operated switch 
and held in circuit-interrupting position by said 
electro-magnetic relay switch during energiza 
tion of the latter. 

EARL FINLEY McCRACKEN. 
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