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UNITED STATES PATENT office 
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CRANKING TIME LIMITER FOR ENGINE 
STARTERS 

Manuel H. Elkin, Elmira Heights, N.Y., assinor 
to Bendix Aviation Corporation, South Bend, 
Ind., a corporation of Delaware 

Application November 14, 1940, Serial No. 365,683 
(C1, 200-122) 9 Claims. 

The present invention relates to a cranking 
time limiter for engine starters and more par 
ticularly to a compensated thermostatic control 
for interrupting cranking of an engine after a 
predetermined time. 

In devices for interrupting the cranking opere 
tion of an internal combustion engine when it 
fails to start, various devices have been utilized 
in attempts to secure uniformity of operation 
under varying conditions of battery charge, an 
bient temperature, stiffness of the engine, etc. 
Those which have approached closely the desired 
regulation, however, have in general been sub 
ject to the disadvantages of expensive, bulky and 
fragile construction, and limited scope of adjust 
ment. 

It is an object of the present invention to pro 
vide a novel cranking time limiter which is ac 
curate and reliable in operation, simple and eco 
nomical in construction, and readily adjustable 
throughout a wide range of actuating conditions. 

It is another object to provide such a device 
in which a compensated thermostatic controlling 
device is heated during the cranking operation at 
a constant rate irrespective of variations in bat 
tery voltage over a wide range. 

Further objects and advantages will be ap 
parent from the following description taken in 
connection with the accompanying drawing which 
illustrates semi-diagrammatically one preferred 
form of the invention. . 
In the drawing there is illustrated a starting 

system comprising a battery grounded at 2 and 

able contact with the coil 22 of magnetic 
switch 5, the bpposite end of the coil 22 being 
grounded through a lead 23, fixed contact 24 and 
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connected by a lead 3 to a commercial form of 
automatic starter control indicated generally by 
the numeral 4, 
This starter control includes a magnetic start 

ing switch 5 which is arranged to connect the 
starting circuit lead 3 through a single turn mag 
netic coll to a lead 7 running to the starting 
motor SM which is grounded at 8 to complete 
the starting circuit. 
A Control circuit for actuating the magnetic 

switch 5 is illustrated comprising a manual switch 
adapted to connect the starting circuit lead 3 

to a lead - which is connected to a fixed contact 
2 in a cranking time limiting device indicated 
generally by numeral f3. Contact 2 is mounted 
On a fixed frame 4 which is grounded as indicated 
at S, but the contact 2 is insulated therefrom 
as indicated at 6. A movable contact is 
mounted on the free end of a flat bifurcated 
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movable contact 25 mounted on a pendulous vi 
brator 26 which is grounded as indicated at 27 to 
complete the control circuit for the startin 
Switch. 
Thermostatic means for controlling the contact 
is provided in the form of a thermostatic blade 

28 which is attached at one end as indicated at 29 
to a second shorter thermostatic blade 3 which 
in turn is attached at 32 to a bracket 33 which 
is fixed to the frame f4 as indicated at 34 and is 
adjustable by suitable means such as shown at 35. 
Thermostatic blade 28 is arranged with the corn 
ponent thereof having the higher coefficient of ex 
pansion on the upper side thereof so that a rise in 
temperature causes the blade to bend down 
wardly. Thermostatic blade 3 is oppositely ar 
ranged and is so proportioned that like changes 
in temperature of the two blades compensate 
each other so that as long as the blades are at the 
same temperature, the free end of the blade 28 is 
maintained substantially static. 
A compression spring connection 36 is mounted 

in the space between the furcations of the spring 
mount 8 for movable contact 7 and arranged , 
to connect the free end of the spring mount to 
the free end of the thermostatic blade 28. Spring 
device 36 is mounted under compression whereby 
it normally presses the movable contact 7 into 
engagement with the fixed contact f2 as illus 
trated. 
Means for heating the thermostatic blade 28 

during the cranking operation is provided in the 
form of a heating circuit comprising a lead 37 
connecting the starting motor lead 7 to a fixed 
contact 38 in the cranking time limiter device. 

. A movable contact 39 mounted on the free end 
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of a contact arm 4 having a pivotal mounting 
42 is normally maintained in engagement with 
the fixed contact 38 by means of a tension ele 
ment 43. This tension element is here illus 
trated in the form of a wire of thermally expan 
sive material attached as indicated at 44 adjacent 
the free end of the arm 4 and having a fixed 
insulated anchorage 45 adjacent the pivotal 
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spring 8, the opposite end of which is fixed as . 
indicated at 9 to the frame 4 while being in 
sulated therefrom. A lead 2 connects the now S5 

mount of the arm 4 . The wire 43 is placed 
under sufficient tension to hold the contact 39 
against the fixed contact 38 when the wire is 
cold, but when the wire is heated, it is arranged 
to expand sufficiently to permit contact 39 to move 
out of engagement with contact 38 under the in 
fluence of a spring 46 acting on the arm 4 f. 
The thermally expansive wire 43 is connected 
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by a lead 47 to a heating element 48 coiled around 
the thermostatic blade 28 and grounded on the 
blade as shown at 49 in order to complete the 
heating circuit through the frame 4 to the 
ground at 5. A resistor 5 is shtunted around 
the contacts 38, 39 in order to reduce arcing of 
these contacts and to make the heating effect 
of the element 48 somewhat more uniform than 
would otherwise be the case. 
The starter control is provided with means for 

opening the control circuit contacts 24, 25 when 
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the engine starts including a lever 52 actuated 
by a plunger 53 under the influence of a solenoid 
54 connected by a lead 55 to the starting motor 
side of the starting switch 5. . A holding coil 56 
energized by the engine-driven generator G op 
erates to maintain contacts 24, 25 open as long as 
the engine is self-Operative, 

In the operation of the device, closure of the 
manual Switch 9 completes the control circuit 
from battery through lead , thermostatic con 
tacts f2, , lead 2, coil 22, lead 23, vibrator. 
contacts 24, 25 to the ground at 27. Starting 
SWitch 5 is thereby closed by the action of coil 

. 22, whereupon the starting circuit is closed 
through lead 3, starting Switch 5, lead and 
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starting motor SM to the ground at 8, and crank 
ing of the engine is initiated. At the same time, 
the heating circuit is completed from the start 
ing motor lead 7 through lead 37, contacts 38, 39, 
thermally expansive Wire 43, lead 47, heating ele 
ment 48 and ground connections 49, 5. The 
current traversing the heating circuit causes the 
thermostatic element 43 to heat up rapidly and 
expand, thereby opening contacts 38, 39. The 
heating effect of the element 48 is thus momen 
tarily reduced by the introduction of the resist 
ance 5 in the heating circuit, but the consequent 
cooling off of the element 43 draws the contact 
39 against the contact 38, whereupon the full bat 
tery voltage is again applied to the heating ele 
ment 48. The Opening and closing of contacts 
38, 39 as controlled by the thermally expansive 
element 43 causes the heating effect of the ele 
ment 48 to be substantially constant irrespective 
of wide variations in the voltage of the battery. 
In other words, if the battery is fully charged, 
the element 43 is heated rapidly and the contacts 
38, 39 are opened quickly and maintained open 
for a large proportion of the time. On the other 
hand, if the battery is low, the element 43 does 
not heat up so quickly and contacts 38, 39 re 
main closed a larger proportion of the time. It 
will be understood that contact 38 may be made 
adjustable in any suitable manner in order to 
adapt the device to various installations. 
After the engine becomes self-operative in the 

normal manner, the counter-E. M.F. of the start 
ing motor due to the release of the cranking 
load, Causes the coil 54 to overcome the effect of 
the single turn coil 6 on the plunger 53 whereby 
contacts 24, 25 are opened and starting switch 
5 deenergized, after which the vibrator contacts 
are maintained Open by the generator-actuated 
coil 56. If the engine fails to start after a pre 
determined time, however, the heating effect of 
the element 48 on the thermostatic blade 28 
causes it to bend down until its free end is below 
the spring 8, whereupon the pressure of the 
spring 36 is exerted in an upward direction on 
the spring 8, causing the contact 7 to be moved 
up out of engagement with contact 2 and the 
cranking operation is thereby interrupted. Inas 
much as the heating of the element 48 is con 
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trolled, as above pointed out, by means of the 
action of the thermally expansive element, 43 on 
the contacts 38, 39, it will be appreciated that 
the time of cranking may be quite precisely regul 
lated by means of the adjustment 35 of the ther 
mostatic control, irrespective of wide variations 
in ambient temperature, battery voltage and 
Cranking load. - 

Although but one embodiment of the invention 
has been shown and described in detail, it will 
be understood that other embodiments are possi 
ble and various changes may be made in the de 
sign and arrangement of the parts without de 
parting from the spirit of the invention as de 
fined in the claims appended hereto. 
What is claimed is: 

. 1. In a cranking time limiter for internal com 
bustion engines, a control Switch, thermostatic 
means for actuating the Switch, means for heat 
ing the thermostatic means during the cranking 
operation, and means for periodically reducing 
the application of heat to the thermostatic 
eaS. - 

2. In a cranking time limiter for internal com 
bustion engines, a control switch, thermostatic 
means for actuating the SWitch, electrical means 
for heating the thermostatic means during the 
cranking Operation, and means for periodically 
reducing the flow of current to the heating means, 
SO arranged that an increase in voltage of the 
heating current causes a corresponding reduc 
tion in the duration of the heating periods. 

3. In a cranking time limiter for internal com 
bustion engines, a control Switch, thermostatic 
means for actuating the Switch, means for heat 
ing the thermostatic means during the cranking 
operation, and means controlled in accordance 
With the energy of the heating means for period 
ically reducing the application of heat to the 
thermostatic means so as to maintain the average 
heating effect Substantially constant. 

4. In a cranking time limiter for internal com 
bustion engines, a control circuit, a thermostatic 
switch for opening the control circuit after a pre 
determined time of cranking, and heating means 
for the thermostatic Switch including an electri 
cal heating circuit energized during the crank 
ing operation, and means controlled by the volt 
age of the source of electricity for periodically 
reducing the flow of electricity in the heating cir 
cuit so as to maintain the average heating effect 
substantially constant. 

5. In a cranking time limiter for internal corn 
bustion engines, a control switch, thermostatic 
means for actuating the Switch, and a circuit for 
the thermostatic means including a pair of con 
tacts and a thermally expansive wire controlling 
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said contacts. 
6. In a cranking time limiter for internal com 

bustion engines, a control switch, thermostatic 
means for actuating the switch, and a heating 
circuit for the thermostatic means including a 
pair of contacts and a thermally expansive wire 
in series with said contacts for controlling the 
Sale. 

7. A cranking time limiter for internal com 
bustion engines including a control Switch, ther 
mostatic means for opening the switch, and an 
electrical heating circuit for the thermostatic 
means energized during the cranking operation, 
Said heating circuit including a pair of contacts 
biased to open position, and a thermally expan 
sive wire normally drawing the contacts closed, 
said wire being so arranged that heating thereof 
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by the heating current causes it to expand and 
allow the contacts to open. 

8. In a cranking time limiter for internal con 
bustion engines, a starter control circuit includ 
ing a movable contact, thermostatic means for 
moving the contact, and a heating circuit for the 
thernostatic means including a pair of contacts 
biased to open position, a thermally expansive 
conductor normally holding said pair of contacts 
closed, and a resistor in shunt with Said pair of 
contacts, said conductor being so constituted and 
arranged that passage of a predetermined heat 
ing current therethrough causes it to expand and 
permit the pair of contacts to Open, and said re 

3 
sistor being of Such value as to then so reduce the 
current as to cause the conductor to contract and 
close the pair of contacts. 

9. In combination with the starting system of 
an internal combustion engine including a source 
of energy, control means therefor including a 
thermostatic Switch, a heating circuit for the 
thernostatic Switch including a pair of contacts, 
and means for periodically opening and closing 
said contacts in such manner as to maintain the 
heating effect of the heating circuit substantially 
constant irrespective of variations in the voltage 
of the Source of electrical energy. 

  


