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UNITED STATES PATENT OFFICE 
2,307,845 

ELECTRIC CONTROL SYSTEM FOR, ENGINE 
GENERATOR UNTS 

Lee W. Mecher, Oconomowoc, Wis., assignor to 
Waukesha, Motor Company, WiiWaukesha, Wis., a 
corporation of Wisconsign 

Application June 21, 1940, Serial No. 34,4 
(C. 290-30) 25 Claims. 

This invention relates to control systems and 
more particularly to electrical control systems 
for use in conjunction with engine-generator 
units in which a storage battery or the like nor- . 
mally provides a source of current for a load and 
a generator mechanically coupled to an inter 
nal combustion engine operates as a motor to 
start the internal combustion engine and is then 
driven by the engine to generate a current for 
effecting recharging of the battery. 
A primary object of the present invention is 

to provide a control System of this character 
which is fully automatic in operation, which pro 
tects the battery and the engine against injury 
from improper operation, which may be mechan 
ically controlled at any time if desired, and which 
under normal automatic Operation provides for 
periodic recharging of the battery after a prede 
termined interval of time following each preced 
ing operation of the engine-generator. 
A further object is the provision of such system 

in which the restarting of the engine-generator 
is substantially independent of the voltage of the 
battery or the degree of use thereof. 

Aà further object of the invention is the pro 
Vision of a control System for engine-generators 
in Which the engine-generator terminates opera 
tion upon the generated current reaching a pre 
determined minimum and an electric timer pro 
vides for restarting the engine-generator after 
a predetermined interval of time following the 
termination of operation thereof. 
A further object is the provision of such en 

gine-generator control system in which the elec 
tric timer automatically terminates operation 
upon starting of the engine-generator and auto 
matically resunes operation upon the termina 
tion of operation of the engine-generator. 
A still further object is the provision of such 

a control System in which the electric tinner re 
quires no additional special switches, relays or 
the like for effecting automatic operation thereof 
upon stopping and starting of the engine-gen 
erat Or. 
Another object is the provision of such a con 

troi System in Which an engine-generator is aut 
tornatically limited to a Subnormal load for a pre 
determined interval of time following starting 
thereof, and in which an electric timer predeter 
nines the time during which the load is thus 
limited. - 

A further object is the provision of an engine 
generator control System in which the cranking 
of the engine is intermittently interrupted if the 
engine fails to start. 

O 

A further object is to provide such engine-gen 
erator control System in Which the Cranking Op 
eration is entirely discontinued and the system' 
must be manually reconditioned for further op 
eration if the engine continues to fail to start 
after a predetermined period of cranking. 
Another object is the provision of a control Sys 

ten for engine-generators providing for termi 
nating the operation of an engine-generator when 
a predetermined minimum current is supplied by 

, the generator and in which the stopping of the 
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engine-generator is delayed for a predetermined 
time period following generation of such mini 
mum current to prevent stoppage of the engine 
generator upon a temporary change in load. 
A further object is to provide such a control 

system for engine-generators in Which the Opera 
tion of an engine-generator is terminated upon 
the engine tipping over, or upon failure of the 
engine to maintain a predeterrained oil pressure, 
or upon excessive heating of the engine; and in 
which the operation of the engine is immediately 
terminated upon tipping over while the stopping 
of the engine-generator is delayed for a prede 
termined time interval following sub-normal oil 
pressure in the engine or over-heating thereof to 
avoid stoppage upon a temporary disturbance i 
the engine. - 

A further object is the provision of an engine 
generator control System as above set forth in 
which a common Switch means energizable from 
the battery of the System provides for intermit 
tently interrupting cranking of the engine upon 
failure of the engine to start and also provides 
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for delaying termination of the operation of the 
engine-generator When a predetermined mini 
nun current is supplied by the generator, or the 
engine fails to maintain a predetermined oil 
pressure, or the temperature of the engine be 
cones too high. 
A still further object is the provision of an 

improved electric timer for controlling the op 
eration of an electric control System. 
These and other objects and advantages of the 

invention will be apparent from the following de 
scription, the appended claims and the accom 
panying drawings in which like reference charac 
ters designate like parts in the Several views, and 
in Which: 

Fig. 1 is a wiring diagram of a control System 
arranged in accordance with the present inven 
tion; 

Fig. 2 is a simplified across-the-line diagram 
of the system shown in Fig. 1; 
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92 concentric with the axis of the ratchet wheel 
and one or more grooves or cam operating 
notches 93. In the illustrated embodiment the 
am 9 is formed integral with the ratchet wheel 
52 and is positioned on the under side of the 
ratchet wheel as viewed in Figs. 1, 3 and 4. The 
shaft 90 extends through a boss 95 provided on 
the base 53 and is threaded adjacent the under 
side of the base to receive a nut 96 and a lock 
nut 97. A cotter pin 98 also extends through 
suitable openings provided in the lower end of 
the shaft 90 and positively prevents the nut 96 
and lock nut 9 from working loose. The Com 
bined cam and ratchet wheel is rotatably received 
on the shaft, 90 above the boss 95 and is prefer 
ably provided with upper and lower thrust bear 
ing washers 99 and 00, respectively, which are 
also received on the shaft 90. A compression 
spring Of surrounds the shaft 90 above the 
ratchet wheel 52 and the washer 99 and is nor 
mally maintained in a compressed condition by 
a cotter pin f2 which extends through a Suitable 
opening provided in the upper end of the Shaft. 
The cam portion 9 of the ratchet wheel is thus 
constantly pressed against the washer f00 and 
boss 95 and is caused to move in a predetermined 
path around the axis of shaft 90 upon operation 
of the ratchet wheel. At the same time the 
cotter pin 02 and the spring O provide for 
ready removal of the ratchet wheel and can and 
their replacement by a Wheel and cam of dif 
ferent operating characteristics. 
As shown in Fig. 4 a cover member 03 having 

a glass front 04 removably held in place by clips 
Big and Screws 04b is adapted to be received 

on the base 53 and encloses the tinning mecha 
nism mounted on the base. Suitable, openings 
(not shown) are also provided in the base Inem 
ber for receiving the electrical connections to 
the Solenoid TS and the SWitch 5. 
The cam portion 9 of the ratchet, wheel 52 is 

adapted to operate a Switch which in the present 
embodiment of the invention controls the start 
ing of the engine-generator i 0- . For this 
purpose a switch C5 is suitably mounted on the 
upper portion of the base 53 adjacent the solenoid 
coil TS and is provided with an arm 06 which 
carries a roller that extends into the path 
of novement of the cann 9 and operates upon 
the Surfaces 92 and 93 thereof. The SWitch. 5 
may be of any desired or standard type which in 
accordance with the present invention has its 
contacts maintained Open so long as the rollier 
O engages the circular concentric Surface 92 

of the can and closes its contacts when the 
roller drops into one of the notched groves 93 of 
the can. 
From the above description it will be evident 

that the ratchet, wheel 52 and the can 9 will be 
moved through a predetermined a 3 of rotation 
upon each energizing impulse of the solenoid TS 
and that the switch 05 which is maintained in 
one condition of operation (open in the present 
instance) by the portion 92 of the can Will be 
operated to its opposite condition upon the roller 

falling into a groove 93 of the cam. In the 
illustrated embodiment of the invention the 
ratchet wheel is provided with 40 teeth and the 
cam portion 9 is provided with two grooves or 
notches 93 positioned diametrically apart. Thus 
if the solenoid TS is energized at approximately 
three minute intervals as above described it will 
require approximately two hours of operation of 
the timing device to cause the ratchet wheel 52 
to make one complete revolution and the Switch 
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05 will be closed at approximately one hour in 

tervals following each operation of the timer. It 
will be understood, however, that the timing can 
be readily varied by changing the number of 
teeth on the ratchet wheel 52, the number and 
positioning of the grooves 93 of the cam, or both. 
Thus although the number of teeth on the ratchet 
wheel remain the same the timing of operation 
of the Switch 05 can be decreased to one-half 
hour intervals by merely arranging four grooves 
93 at 90 degrees apart and can be increased to 
two hour intervals by merely arranging one 
groove 93 on the Surface 92 of the cam. In like 
manner any other desired timing arrangement 
can be obtained by properly regulating the num 
ber of teeth. On the ratchet wheel and the number 
and positioning of the can grooves 93. 

STARTING OF THE ENGINE-GENERATOR 

In accordance with the present invention, as 
described above, the automatic timer switch 5 
controls the starting of the engine-generator 
- . Referring to Figs. 1 and 2, and more par 

ticularly to Fig. 2, the control circuit, for effect 
ing starting of the engine-generator comprises 
the lead 39, a lead í í0, the coil of a control 
circuit relay CCR, leads li and i 12, the con 
tacts of the automatic timer switch 05, and 
thence through leads 3, 4 and 35 to the otter 
Side of the battery 3. Also included in the con 
trol circuit thus described is a starting contactor 
coil SC which is connected in parallel with the 
contro circuit relay CCR, as follows: A leari 

5 branches from the lead and connects 
through the back contacts RI2 of the reverse 
Current relay RI to a lead 6 which is connected 
to One side of the starting contactor coil SC. 
From the other Side of the coil SC a lead 
connects the lead 39 of the control circuit. The 
contacts RI2 of the reverse current relay are nor 
mally closed as illustrated when the generator FC 
is idle or is operating as a motor to crank the 
engine f. Thus when the normally open con 
tacts of the automatic timer Switch 05 are closed 
by Operation of the tirner both the contro cir 
cuit relay CCER, and the starting contactor SC 
will be energized across the battery 3. 
Upon energization of the starting contactor SC 

the normally Open starting contact SC operated 
thereby is caused to close and thus effects ener 
gization of the generator 0 as a motor through 
the series starting field SF to provide for crank 
ing the engine . At the Same time the ener 
gization of the control circuit relay CCR, calises 
the opening of the contacts. CCR, thereof which 
are normally closed to complete a shorting-cir 
cuit from an engine magneto 20 to a ground 
2. by way of leads 22 and 23. The magneto 
2 is thus Conditioned upon opening of the con 

tacts CCR to supply an ignition current to the 
engine and effect the starting thereof under 
the cranking operation of the generator l) run 
ning as a motor. Under normal conditions of 
operation the internal combustion engine í í will 
thus start and will then drive the generator 0 
as a generator. 
OPERATION OF THE CONTROL SYSTEM UPON STARTING 

OF THE ENGINE-GENERATOR 

Assuming starting of the engine as above 
described, it will be evident that in order to con 
tinue operation of the engine the control circuit 
relay CCR must remain energized to prevent 
closing of the contacts CCRi and grounding of 
the magneto. This is accomplished by a set of 
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coaia its CCR2 which are normally open and 
which are closed upon energization of the relay 
coil, CCR to sistablish a shunt holding circuit by 
way of the leads 425 and 25 around the con 
tacts of the time Switch 5. Thus the engine 
A will continue to operate although the switch 
5 ray be opened by the automatic tinner. 
Upon starting of the engine and driving of 

the generator as such the generated voltage 
will build up and upon this voltage reaching a 
predetermined value, one half to one volt above 
the voltage of the battery 3 for example, the 
reverse current relay R. Operates and causes the 
back contact RI2 thereof to open and the main 
contact RIA and the back contact RI3 to close. 
Upon opening of the contact RI2 the energizing 
circuit for the starting contactor SC is opened 
and the contactor SC is caused to open the 
starting circuit of the generator . Upon clos 
ing of the main contacts RI of the reverse cur 
rent relay, however, the main generator circuit is 
closed and the generator C is connected to the 
leads 4 and 5 to supply a recharging current to 
the battery 3 and to provide a source of voltage 
to any load connected with these leads, 
As described above, the back contact, RI3 of 

the reverse current relay cioses when the contact 
R2 thereof opens. This contact RI3 controls 
the energization of a potential coil GRPC of the 
generator regulator G.R. Again referring to Fig. 
2, the circuit for this potential coil GRPC of the 
generator regulator comprises the negative side 
of the generator it, the leads 2), 5, 35 and 8, 
relay contacts CCR2, leads . È and 5, the con 
tacts R3 of the reverse current relay, a lead 
33, the potential coil GRPC, a temperature com 
pensating resistor 32, and a lead 433 which con 
nects with the positive side of the generator at 
the point 32 of the main generator circuit. Thus 
upon operation of the generator and closing of 
the contact, RI3 the coil 3RFC will be energized 
by the potential of the generator (). 

to permit ready starting of the engine , how 
ever, and to permit the engine-generator to conne 
up to speed before 3, full load is applied thereon 
an unloading resistor JR, is connected in par 
aldei with the resistor 32 for a predetermined 
period of time and provides for limiting the gen 
erated voltage to a subnormal value during this 
period of time. The circuit for the unloading 
resistor ULR, is controlled by the control circuit 
relay CCR, and by the automatic tinner relay STR 
which also predietermines the time that the Un 
loading resistor Will be connected in the contro 
circuit of the generator. This circuit comprises 
a lead 36 which connects to a point 3 inter 
mediate the coil GRPC and One side of the re 
sistor 32, the normally open contacts CCR3 of 
the control circuit relay CCR, lead (37a, the un 
loading resistor ULR, leads 38 and 3, the con 
tacts SR of relay STR, and thence through 
leads 38, 39, 22 and 29, contact Rii which is 
closed when the generator is operating, coil 
RISC, fuse 2 i? and the point 32 which connects 
with the lead 33 that connects with the other 
side of the resistor 32. During the starting of 
the engine both the control circuit relay CCR, 
and the timer relay SR, are energized to close 
their normally open contacts CCR3 and STR, , re 
spectively, and thus the circuit is completed for 
connecting the unloading resistor in parallel with 
the resistor 32 and limiting the generator volt 
age. After approximately three minutes' time 
following the initia Cranking of the engine , 
however, the contacts STR of relay STR open 
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5 
to open the circuit to unloading resistor ULR, and 
full load is applied to the engine-generator. The 
normally open contacts CCR3 of the control cir 
cuit relay CCR prevent a current from flowing 
through the resistors 32 and ULR, during the 
time that the generator is idle and the auto 
natic tiner is operating. 
Upon driving of the generator (, furthermore, 

and the Supplying of a current through its main 
generator connections the coil of the low current 
relay i? becomes energized and effects opening 
of its normally closed contacts i. 
OPERATION OF CONTROL SYSTEM UPoN FAILURE of 

ENGINE TO START 

As described above, the engine normally 
starts to drive the generator de upon closing of 
the contacts of Switch 05 of the automatic timer 
and operation of the generator as a motor to 
effect cranking of the engine. A means is pro 
vided, however, to prevent excessive drain on the 
battery 3 in the event that the engine does not 
start. This means comprises an intermittent 
Switch IS which intermittently interrupts the 
cranking operation of the generator O, and a 
cranking limit switch CLS which automatically 
stops the cranking operation if the engine fails 
to start within a predetermined peroid of time 
and Which must be manually reset in order to 
effect further operation of the system. 
The intermittent switch S is of the thermally 

responsive self energizing and deenergizing type 
and comprises a normally closed set of contacts 
S which are connected in the lead above 
the control circuit relay coil CCR (see Fig. 2) 
and a heater element ISC which is also con 
nected to the lead between the contacts iS 
and the coil CCR by the lead 65. The circuit 
for the heater element ISC is completed through 
the leads 46 and 47, the contacts LIA of the 
low current relay Lif which are normally closed 
as shown when the generator is at standstill or 
operating as a motor, and a lead i 48 which con 
inects with the lead 39. The thermal switch S 
is so regulated in accordance with the present 
invention that the contacts IS thereof will re 
main closed and effect energization of the heat 
ing element iSC for approximately 15 seconds 
following closing of the timer switch 35 and 
will then Open under action of the heating ele 
ment and remain open for approximately 45 
Seconds while the heating element cools. Upon 
opening of the contacts IS the circuit for the 
control relay CCR and for the starting contactor 
SC is interrupted even though the timer switch 
i85 is still closed and thus the cranking opera 
tion of the generator is stopped. Upon clos 
ing of the contacts ISA, however, following cool 
ing of the Switch IS the cranking of the engine 

is again started and the cycle of operation 
thus described is repeated with each cycle of 
operation of the Switch IS. Should the engine 
generator start, however, the low current relay 
LI will be energized to open its normally closed 
contact Lift and the energizing circuit for the 
heating COil ISC is thus interrupted to maintain 
its contacts S closed and the control circuit re 
lay CCR energized. 
The cranking limit switch CLS prevents this 

Cyclic operation of the control circuit from op 
erating indefinitely if the engine still Con 
tinues not to start. The switch CLS is also of 
the thermally responsive type and comprises a 
heating element CLSC and normally closed con 
tactS CLS. The heating element CLSC of the 
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switch CLS is connected in parallel with the 
intermittent switch IS and thus upon closing of 
the timer Switch 05 a circuit is completed 
through the element CLSC by way of lead , 
a lead 50 which connects with the lead at a 
point 5 above the contacts IS of the inter 
mittent switch IS, the heater element CLSC, 
leads 46 and f47, the normally closed contacts 
II of the low current relay, and the lead 48 
which connects with the lead 39. The contacts 
CLS of the cranking limit Switch are Connected 
in the control circuit lead 39 ahead of any of 
the circuits for the control circuit and thus en 
tirely disconnect the control circuit when the 
heater CLSC operates to open the contacts CLS?. 
The cranking limit switch CLS, however, is set 
to operate at a much slower time than the inter 
mittent switch IS, after approximately a three 
minute interval of time for example, and thus 
the intermittent switch will go through several 
cycles of operation during one operation of the 
SWitch CLS. Upon Continued failure of the en 
gine to start, however, and after the period of 
time for which the Switch CLS is set it will open 
its contacts and Will disconnect the control cir 
cuit from the battery 3 until Such time as it is 
manually reset as described above. it will be 
evident, however, that if the engine-generator 
starts within the time for which the switch CLS 
is set the energizing circuit for the heating ele 
ment CLSC will be broken by opening of the con 
tacts II of the low current relay and the Con 
tacts CLS will remain closed to maintain the 
control System energized. 

TERMINATION OF OPERATION OF THE ENGINE)- 
GENERATOR 

Upon the battery f3 becoming fully charged 
and upon the load current Supplied through the 
leads 4 and 5 decreasing to a predetermined 
minimum the low current relay LI will become 
deenergized and operate to close its contacts L. 
The heater ISC of the intermittent switch ES Will 
thus be again energized across the lines 35 and 
39 and after approximately 15 seconds will open 
its contacts IS. The opening of the contacts 
IS causes the control circuit relay CCR to be 
conne deemergized and the Consequent operation 
of iÈS Several Sets of contact,S. Thu?s the mag 
neto circuit contacts CCR are closed while the 
hoiding-circuit contacts CCR2 and the contacts 
CCR3 of the unloading resistor circuit are 
opened. Upon closing of the contacts CCR the 
magneto 20 of engine is grounded through 
ground 2 and the engine terminates its oper 
ation. The thernal SWitch IS, however, prevents 
stopping of the engine i? because of Some mo 
mentary decrease in the current of the generator 

). 
When the generator O ceases to operate there 

will be a tendency for current to flow from the 
battery 3 through the main circuit of the gen 
erator. The reverse current relay RI operates, 
however, to open the main contact RI, upon 
even the slightest current flowing from the bat 
tery to the generator, and thus opens the main 
generator circuit and prevents any further flow 
of current to the generator. At the same time 
the back contacts RI2 and RIS of the reverse 
current relay close and open, respectively, to 
condition the starting contactor SC for the next 
starting operation of the automatic timer and 
to open the circuit of the regulator potential Coil 
GREEPC, 
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MANUAE. CoNTROL AND OPERATToN of AUXIt IARY CoN 

TROL DEVICES 

Although the System as thus far described is 
fully automatic in operation a means is also pro 
vided for effecting a continuous manual control 
Over the operation of the system. This control 
comprises manually operable push-button type of 
start and stop switches mounted both on the con 
trol panel for the engine-generator and within 
convenient reach of the operator of the system. 
As most clearly shown in Fig. 2 a normally closed 
stop switch 55, which may be a panel switch, is 
connected in the lead 4 of the circuit for the 
control circuit relay CCR and may be opened at 
any time to Open this circuit and stop the engine 

by closing the grounding circuit 20-2 of 
the engine magneto 20. In like manner a nor 
mally closed stop switch 56, which may be under 
constant control of the operator, is interposed in 
the lead f above the point 5 (see Fig. 2) and 
provides for stopping the engine-generator at any 
time. Connected across the leads ff2 and 3 in 
parallel with the contacts of the automatic timer 
Switch 05 and the holding contacts CCR2 of the 
Control circuit relay CCR are two normally open 
manual starting switches 57 and 58, one of 
Which may be a panel switch and the other a 
SWitch under control of the operator, and which 
when closed will effect energization of the control 
circuit relay CCR and the starting contactor SC 
irrespective of the condition of switch 05. Thus 
the engine-generator í 0-1 I can be manually 
started at any time, always under the control, 
however, of the intermittent switch IS and the 
cranking limiting switch CLS. 
Means are also provided to automatically termi 

nate Operation of the engine-generator in the 
event that the engine tips over, or in case the 
oil pressure of the engine gets too low or the heat 
of the engine becomes too high. Each of these 
latter two means, furthermore, operates through 
the intermittent switch IS so that a temporary 
disturbance in the engine will not cause it to stop 
Operation. 
The means for discontinuing operation of the 

engine in the event that it tips over, such for 
example as where the engine-generator is mount 
ed on a bus, trolley coach, railway car or the like 
and the vehicle itself turns over, comprises a tip 
over switch TOS that is connected by leads i 6 
and 62 across the leads i 22 and í 23 of the engine 
magneto grounding circuit and in parallel with 
the contacts CCR of the control-circuit relay. 
The Switch TOS which is diagrammatically illus 
trated in the drawings comprises a pair of spaced 
contacts TOS and TOS2 and a movable contact 
TOS3 adapted to engage either of the contacts 
TOS and TOS2 but normally maintained by 
gravity or the like in an open circuit position be 
tween the Spaced contacts as shown. The switch 
TOS is mounted on the engine if and thus as 
long as the engine remains Substantially upright 
the Switch remains open and the magneto 
grounding circuit is under control of the contacts 
CCR. Should the engine tilt beyond a predeter 
mined degree to either side, however, such as 
upon tipping over, the movable contact TOS3 will 
move into contacting engagement with one of the 
contacts TOS and TOS2 and will ground the 
magneto 20 through the ground 2 (, thus stop 
ping the engine. 
The means for stopping the engine in case 

the oil pressure of the engine drops below a pre 
determined safe value comprises a peSSltre re 
Sponsive switch OPS which may be of any desired 



?,807,845 t ? 
or standard type having contacts OPS that are 
normally closed when the pressure is less than the 
predetermined value and are opened when the 
pressure is above this value, and which is attached 
to the engine to be subjected to the oil pressure 
therein. As best shown in Fig. 2 the contacts 
OPS of the switch OPS are connected across the 
leads 86 and 39 of the control circuit and in par 
allel with the contacts IA of the low current re 
lay by a pair of ieads 65 and 66. Thus the 
contacts OPS of the oil pressure switch OPS 
provide for completing a circuit for both the 
heater element ISC of the intermittent switch IS 
and the heater element, CLSC of the cranking 
limit, switch CLS around the contacts LI of the 
low current relay Li. Upon starting and normal 
operation of the engine, however, the Switch con 
tacts OPS i will open in response to the engine oil 
pressure and the circuit for the heaters ISC and 
CLSC through these contacts will be interrupted. 
Should the oil pressure of the engine drop below 
a predetermined value, however, the contacts 
CPS È will again close, or will remain closed if the 
pressure does not exceed this value upon starting 
of the engine, and will complete an energizing cir 
cuit, for the heaters SC and CLSC, although the 
contacts Li of the low current relay may at the 
time be open. Thus under normal operation of 
the system and upon failure of the oil pressure 
the SWitch ES Willi open its contacts ISi after 
approximately 15 seconds to effect deemergization 
of the control circuit relay CCR and stopping of 
the engine . . if for any reason, however, the 
switch IS fails to operate the switch CLS will 
onerate after a further period of time to discon 
nect the entire control system and thus stop the 
engine. It will be evident, furthermore, that 
although the contacts OPS establish a parallel 
circuit around the low current relay contacts Li 
during the starting of the engine-generator, both 
of these contacts will normally open upon start 
ing of the engine and thus the operation of the 
system is not affected. Should either of these 
contacts close or remain closed, however, the 
engine will be stopped under control of the 
Switches S and CLS. 
As described above, a means is also provided for 

terminating operation of the engine in the 
event that the termperature thereof rises above a 
predetermined safe yalue. This means comprises 
a temperature responsive switch ETS which may 
also be of any desired or standard type having 
contacts ETS that are normally open when the 
temperature is below a predetermined value and 
are closed when the temperature rises above this 
value and which is also attached to the engine to 
be subjected to the temperature thereof. As is 
again best shown in Fig. 2 the contacts ETS of 
the engine temperature switch ETS are connected 
across the leads S5 and 68 of the oil pressure 
switch OPS and in parallel with the contacts 
OPS i thereof by the leads i #5 and T . Thus if 
the engine temperature rises above a predeter 
mined value the switch contacts ETSI will close 
and will complete an energizing circuit for the 
switches IS and CLS to effect stopping of the 
engine in the manner hereinabove described 
for the low current relay contacts Li and the oil 
pressure switch contacts OPS i. 

OPERATION of THE GENERATOR REGULATOR 
The generator regulator GR is of a standard 

type and is only diagrammatically shown in the 
drawings. It comprises a current coil GRSC and 
a potential coil GRPC which as described above 75 
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are connected in series with the generator and 
across the generator, respectively, when the gen 
erator is operating to supply a current to the 
battery 3 or a load connected to the leads 4-5, 
and which provide for maintaining the current 
and voltage within predetermined limits upon 
change in speed of the engine and change in 
load on the generator 0. The regulation is ob 
tained by the carbon pile resistor CPR, which con 
trols the current flowing through the shunt field 
ShE of the generator. The pressure exerted on 
the Carbon pile resistor CPR and thus the resist 
ance thereof is varied by suitable levers, springs, 
plungers and the like not shown in the diagram 
matic illustration, which are operated by the coils 
GRSC and GRPC. If either the current or the 
voltage tends to vary from the values for which 
the regulator is set the coils GRSC and GRPC will 
operate to increase or decrease the pressure on 
the carbon pile resistor and thereby control the 
generator to insure reliable battery and generator 
protection and adequate load supply. 
Thus the voltage coil GRPC of the regulator 

which limits the voltage of the generator 4 ?i pre 
vents overcharging of the battery 3 since the cur 
rent to the battery will taper down to a low value 
as the battery becomes fully charged, while the 
series current coil GRSC which is set to hold the 
current at the rated output of the generator pre 
vents overloading of the generator either by a 
connected load or by charging an exhausted bat 
tery while at the same time making full output 
of the generator available when desired. To pro 
vide for varying the current output of the gen 
erator, however, a plurality of shunt resistors 5 
and 76 (see Fig. 1) are provided on the regulator 
and may be connected in parallel with the series 
current coil GRSC if desired. Also, as described 
above, a temperature compensating resistor 32 
is connected in series with the potential coil 
CRPC to compensate for any changes in resist 
nace caused by changes in the temperature 
thereof. 

OPERATION of THE REVERSE CURRENT RELAY 
The reverse current relay RI is also of a stand 

ard type and is only diagrammatically shown in 
the drawings. It is of the closed magnetic circuit 
kind and in addition to the series current coil 
RISC above described it comprises a pair of series 
connected potential coils 80 and 8, a third po 
tential coil 82, a main movable core 83, an 
auxiliary plunger 86, and a main and auxiliary 
armature 28 and 86, respectively. The current 
coil RISC and the potential coil 8 operate on 
the main core or plunger 83 while the potential 
coils 89 and 82 operate on the auxiliary plunger 
38. The main armature 28 controls the main 
contacts RIl and the auxiliary armature 86 con 
trols the back contacts RI2 and R3. When the 
relay is in the normally open condition shown in 
the drawings the contacts RI and RI3 are open 
while the contact RI2 is closed as described above. 
The potential coil 82 is connected by the leads 
9 and 9 across the contacts RI of the relay 

So as to be energized by the difference between 
battery voltage and the voltage of the generator. 
Thus when the generator G is not operating the 
coil 82 is subjected to the full voltage of the bat 
tery 3, and as the generator voltage builds up 
upon operation of the engine-generator the ener 
gizing voltage across the coil 82 decreases. The 
pull of the potential coil 82 on the auxiliary 
plunger 84 provides for locking the reverse cur 
rent relay in the open condition. At the same 
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time the current from the battery which normally 
energizes this coil also serves to partially energize 
the shunt field ShE of the generator So as to as 
sure that this field will always build up in the 
proper direction upon starting and operation of 
the engine-generator. 
The potential coils 80 and 8 which are con 

nected in series by the lead 94 are connected by 
the leads 95 and 96 across the generator 0 
and are so arranged that the coil 8 which op 
erates on the main core f83 tends to close the 
relay RI while the coil i80 operating on the 
auxiliary plunger 84 tends to replace the coil 
82 and maintain the relay open as the generator 
voltage builds up and approaches the voltage of 
the battery. The potential coils 80, 8 and 82 
are so designed as to maintain a proper balance 
for any battery voltage encountered in use and 
the gap between the main core 83 and the main 
arnature 28 is so adjusted that the relay closes 
when the voltage of the generator 0 exceeds the 
voltage of the battery 3 by a predetermined 
amount, one half to one volt for example. Thus 
upon the voltage of the generator building up to 
a predetermined value the reverse current relay 
RI closes to close the main contacts RI and to 
open the back contacts RI2 while also closing the 
back contacts RI3. Since the operation of the 
relay depends upon the balancing action of the 
potential coils 80, 8 and 82 the effects of tem 
perature changes in the coils cancel each other 
and temperature compensating resistors in Series 
With the coilsare lunneceSSary. 
The series current coil RISC which is ener 

gized when the main contacts RI? are closed pro 
vides for locking the reverse current relay in its 
closed condition when the generator C is sup 
plying a current to the battery 3 or a connected 
load, and also serves to open the relay and the 
contacts RI when a current tends to flow from 
the battery to the generator. The current coil 
RISC is thus so arranged as to assist the action 
of the potential coil 8 on the main core 83 
to maintain the relay RI closed so long as a load 
supplying current flows from the generator and 
to neutralize the action of the coil 8 to effect 
opening of the relay and the main contacts R.If 
upon a current flowing from the battery 3 to the 
generator G. To assure that the relay Will Open 
upon even a slight reverse current flowing from 
the battery to the generator a lead 98 is tapped 
into the potential coil i8 and is connected to a 
contact RI4 of the reverse current relay which 
is closed upon closing of the armature 28 and 
contacts RI of the relay to short out a portion 
of the windings of the coil 8. Thus the 
strength of the relay closing coil 8 is substan 
tially decreased upon closing of the relay and the 
series current coil RISC will operate upon even a 
slight reverse current flowing therethrough to 
neutralize the action of the coil i8 and effect 
opening of the relay R.I. 
To adapt the relay for various currents the 

series current coil RISC is provided with a plu 
rality of shunt resistors 200 and 20 (see Fig. 1) 
which may be connected in parallel with the coil, 
if desired, by a lead 202 and suitabie contact 
terminals 203, 204 and 205. A pilot light PL is 
also connected across the generator 0 in parallel 
with the series connected coils 80 and 8 of the 
reverse current relay by the leads 208 and 209 
and provides for indicating to the operator when 
the generator is operating to supply a voltage 
to the connected load. 
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SUMMARY OF OPERATION OF THE ENGINE-GENERATOIt 

CoNTROL SYSTEM 
From the above description it will be evident 

that with the control System of the engine-gen 
erator f0- in the condition shown in the 
drawings in which the engine-generator is in 
operative the contacts FTR, f of the timer relay 
FTR are closed to complete an energizing cir 
cuit for the timer relay STR and the timer 
solenoid TS. The timer relay STR is thus ener 
gized and closes its normally open contacts STR 
which completes a circuit from the battery 3 
through the relay FTR. After a predetermined 
time, approximately 5 Seconds, in accordance 
with the present invention, the relatively slow 
opening relay FTR opens its contacts FTR and 
thus deenergizes both the relay STR, and the 
tinner Solenoid coil TS. After a longer period of 
time, approximately three minutes in the present 
example, the deenergized and slower opening 
relay STR, reopens its contacts to deenergize the 
relay FTR, to cause its contacts FTR to again 
close and effect energization of the relay STR 
and the timer Solenoid TS. Thus the relays 
FIR, and SER will be alternately energized and 
deenergized in a predetermined time cycle and 
the timer solenoid TS will also be energized in a 
predetermined time cycle upon energization of 
the relay STR. 
Upon each energization of the timer solenoid 

TS, however, the ratchet wheel 52 and the cam 
9 is advanced through one step of operation and 
thus after a predetermined number of impulses 
of the timer corresponding to a predetermined 
time period the contacts of switch 05 will be 
closed to initiate starting of the engine-gener 
ator. Upon closing of the timer Switch contacts 
05 both the control circuit relay CCR and the 

starting contactor SC will close to condition the 
magneto 20 for starting of the engine and to 
connect the generator 0 to the battery for Oper 
ation as a motor to effect cranking of the en 
gine . If the engine fails to start after a pre 
determined cranking thereof the self energizing 
and deenergizing intermittent Switch IS operates 
to intermittently interrupt the cranking opera 
tion. If the engine still fails to start after a fur 
ther predetermined time and predetermined 
operations of the intermittent Switch. IS the 
cranking limit switch CLS operates to entirely 
stop the operation of the engine-generator and 
the control circuit therefor, and must be manulai 
ly reset to effect further operation of the System. 
During operation of the intermittent switch IS, 
however, and before operation of the cranking 
limit switch CLS the contacts of the timer Switch 
05 remain closed to continue cranking of the 

engine under operation of the intermittent 
SWitch IS. 
The energization of the starting contactor SC 

effects the closing of the starting contactor SC 
and the operation of the generator 0 as a no 
tor to effect cranking and starting of the engine 

. Upon normal conditions the engine starts 
and upon the generator voltage reaching one half 
to one volt above the voltage of the battery the 
reverse current relay operates to open the circuit 
to the starting contactor and to connect the gen 
erator to its load circuit. During starting of the 
engine-generator, however, the unloading resis 
tor ULR, is connected in the circuit of the gen 
erator regulator GR to limit the load on the 
generator to a sub-normal value to assist the en 
gine-generator in coming up to speed and is then 
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means when said engine-generator is stopped and 
for stopping operation of the timer means when 
the engine-generator is operating. 

7. In a control system of the character de 
scribed for an engine-generator, an internal con 
bustion engine, a generator mechanically coupled 
with said internal combustion engine and adapted 
to supply a current during operation of the engine 
generator, a battery connected to be recharged by 
said generator, circuit means normally connected 
to said battery for controlling operation of Said 
engine-generator, electric timer means for initiat 
ing starting of tihe engine-generator, means con 
nected in said circuit means for terminating oper 
ation of said engine-generator, and means for 
connecting said electric timer means to said cir 
cuit means to effect energization and operation of 
the timer means from said battery when said 
engine-generator is stopped and to stop oper 
ation of the timer means when the engine 
generator is operating. 

8. In a control system of the character die 
scribed for an engine-generator, an internal com 
bustion engine, a generator mechanically coupled 
with said internal combustion engine and adapt 
ed to supply a current during operation of the 
engine-generator, a battery connected to be re 
charged by said generator, circuit means normally 
connected to said potential source for controlling 
operation of said engine-generator, electric timer 
means for initiating starting of the engine 
generator, means connected in said circuit means 
for terminating operation of Said engine-gener 
ator, and means including a connection to a por 
tion of said circuit means which changes polarity 
upon operation of Said engine-generator for con 
necting said electric timer means to said bat 
tery to effect energization and operation of the 
timer means when the engine-generator is stopped 
and to stop operation of the time means when 
the engine-generator is operating. 

9. In a control system of the character de 
scribed for an engine-generator, an internal com 
bustion engine, a generator mechanically coupled 
with said internal combustion engine and adapted 
to supply a current during operation of the en 
gine-generator, a battery connected to be re 
charged by said generator, electric timer means 
providing for initiating starting of said engine 
generator, a closed connection between one side 
of said generator and one side of said batterw, the 
other side of said generator and the other side inf 
said battery being normally disconnected when 
the engine-generator is stopped, a connection 
from said other side of the generator to said 
electric timer means, and a normally closed cnn 
nection between said timer means and said other 
side of the potential source to thereby rovide for 
energizing the timer means from said potential 
Source when the engine-generator is stopped and 
to effect deenergization of the timer means upon 
operation of the engine-generator. 

10. In a control system of the character de 
scribed for an engine-generator, an internal com 
bustion engine, a generator mechanically cou 
pled with said internal combustion engine and 
adapted to supply a current during operation of 
the engine-generator, means for starting and 
terminating operation of said engine-generator, 
means for effecting starting of said engine-gen 
erator after a predetermined time interval 
following each termination of operation thereof, 
and means for limiting the load on said gener 
ator to a sub-normal value for a predetermined 
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period of time during starting of said engine 
generator. - 

11. In a control system of the character de 
scribed for an engine-generator, an internal 
combustion engine, a generator mechanically 
coupled with said internal combustion engine 
and adapted to supply a current during Opera 
tion of the engine-generator, means for starting 
and terminating operation of said engine-gen 
erator, timer means for effecting starting of said 
engine-generator after a predetermined time 
interval following each termination of Operation 
thereof, and means controlled by said timer 
means for limiting the load on said generator 
to a sub-normal value for a predetermined period 
of time during starting of said engine-generator. 

12. In a control System of the character de 
scribed for an engine-generator, an internal 
combustion engine, a generator mechanically 
coupled with said internal Combustion engine and 
adapted to supply a current during operation of 
the engine-generator, regulator means for regu 
lating the load and voltage of said generator, 
means for effecting starting of said engine-gen 
erator, and means including a resistance con 
nected in parallel with a portion of said regulator 
means for limiting the load on said generator to 
a sub-normal value for a predetermined period 
of time during starting of said engine-generator. 

13. In a Control System of the character de 
scribed for an engine-generator, an internal 
combusition engine, a generator mechanically 
coupled with said internal combustion engine 
and adapted to Supply a current during opera 
tion of the engine-generator, a battery connected 
to be recharged by said generator, means in 
cluding a control circuit for effecting operation 
of said generator as a motor under action of Said 
potential source to effect starting of said engine, 
means connected in Said control circuit for dis 
continuing operation of Said generator as a mo 
tor and for connecting Said generator to Said 
battery upon starting of said engine, means for 
terminating operation of said engine-generator 
when a predetermined minimum current is sup 
plied by said generator, and means included in 
said control circuit for effecting operation of 
said generator as a motor and starting oi Said 
engine after a predetermined period of time 
following termination of each preceding Opera 
tion of Said engine-generator. 

14. In a control system of the character de 
scribed for an engine-generator, an internal 
combustion engine, a generator mechanically 
coupled with said internal combustion engine 
and adapted to supply a current during Opera 
tion of the engine-generator, a battery connected 
to be recharged by said generator, a slow open 
ing relay having its contacts normally closed and 
adapted to open said contacts upon energization 
of said relay, a slow opening relay having its 
contacts normally open and adapted to reopen 
said contacts upon deemergization of Said relay, 
an energizing circuit for Said Second relay in 
cluding said battery and the normally closed 
contacts of said first relay, an energizing circuit 
for said first relay including said battery and 
the normally open contacts of said second relay 
whereby each relay will be intermittently ener 
gized and deenergized in a predetermined time 
cycle, impulse operated means adapted to be 
actuated upon each energization of one of said 
relays, switch means adapted to be Operated after 
a predetermined number of impulses of Said in 
pulse operated means, and means including Said 
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switch means for effecting starting of said en 
gine-generator. 

15. In a control system of the character de 
Scribed for an engine-generator, an internal 
combustion engine, a generator mechanically 
coupled with said internal combustion engine and 
adapted to supply a current during operation of 
the engine-generator, a battery connected to be 
recharged by said generator, a control circuit 
for said engine-generator normally connected to 
said battery, a slow opening relay having its 
contacts normally closed and adapted to Open 
said contacts upon energization of said relay, a 
slow opening relay having its contacts normally 
open and adapted to reopen said contacts upon 
deenergization of said relay, an energizing cir 
cuit for said second relay including the nor 
mally closed contacts of said first relay and a 
portion of said control circuit that is subjected 
to a change in polarity upon starting of said 
engine-generator, an energizing circuit for said 
first relay including the normally open contacts 
of said second relay and said battery, Said ener 
gizing circuits providing for intermittently ener 
gizing and deenergizing each of said relays in a 
predetermined time cycle when said engine-gen 
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scribed, an internal combustion engine, means 
including a control circuit and a source of elec 
tric potential for cranking said internal combus 
tion engine to effect starting thereof, timing 
means connected in said control circuit and oper 
able from said source of potential for initiating 
said cranking operation of the engine, and time 
delay means connected in said control circuit for 
energization by said source of potential for inter 
mittently interrupting said cranking operation. 

19. In a control System of the character de 
Scribed for an engine-generator, a battery, an in 
ternal combustion engine, a generator mechani 
cally coupled with said internal combustion en 
gine for supplying a recharging current to said 
battery, means including a control circuit and 
Said battery for operating said generator as a 
notor to effect cranking of said internal combus 
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erator is stopped and for deemergizing both of 
said relays when the engine-generator is oper 
ating, impulse operated means adapted to be 
actuated upon each energization of one of said 
relays, switch means adapted to be operated after 
a predetermined number of impulses of said in 
pulse operated means, and means including said 
switch means for effecting starting of Said en 
gine-generator. 

i8. In a control System of the character de 
scribed for an engine-generator, an internal Com 
bustion engine, a generator mechanically coupled 
with said internal combustion engine and adapt 
ed to supply a current during operation of the 
engine-generator, a battery connected to be re 
charged by said generator, a slow opening relay 
having its contacts normally closed and adapted 
to open said contacts upon energization of said 
relay, a slow opening relay having its contacts 
normally open and adapted to reopen said Con 
tacts upon deenergization of said relay, an ener 
gizing circuit for said second relay including said 
battery and the normally closed contacts of Said 
first relay, an energizing circuit for said first re 
lay including said battery and the normally open 
contacts of said second relay whereby each relay 
will be intermittently energized and deemergized 
in a predetermined time cycle, impulse operated 
means adapted to be actuated Upon each energi 
zation of one of said relays, switch means adapted 
to be operated after a predetermined number of 
impulses of said impulse operated means, a con 
trol circuit including said switch means for initi 
ating starting of said engine-generator, and 
means controlled by one of said relays for limit 
ing the load on Said generator to a Sub-normal 
value for a predetermined time period during 
starting of Saidi engine-generator. 

17. In a control system of the character de 
scribed, an internal combustion engine, means 
including a control circuit and a source of elec 
tric potential for cranking said internal combus 
tion engine to effect starting thereof, tinning 
means connected in said control circuit for initi 
ating said cranking operation of the engine, and 
means connected in Said control circuit for in 
termittently interrupting said cranking opera 
tion. 

18. In a control System of the character de 
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tion engine, electric timer means operable from 
Said battery for initiating said cranking opera 
tion, and means operable from said battery for 
intermittently interrupting the cranking of said 
internal combustion engine. 

20. In a control system of the character de 
Scribed for an engine-generator, an internal com 
bustion engine, a generator mechanically coupled 
with said engine and adapted to supply a current 
during operation of the engine-generator, a cir 
cuit for controlling the operation of said engine 
generator, means connected in said control cir 
cuit for terminating operation of the engine 
generator when a predetermined minimum cur 
rent is Supplied by said generator, and means for 
delaying termination of the operation of said 
engine-generator for a predetermined time period 
following generation of said predetermined mini 
mum current to prevent stopping of the engine 
generator upon a temporary change in the load. 

21. In a control system of the character de 
Scribed for an engine-generator, an internal 
combustion engine, a generator mechanically cou 
pled with said engine and adapted to supply a 
current during operation of the engine-genera 
tor, a circuit for controlling the operation of said 
engine-generator, means connected in said con 
trol circuit for terminating operation of the en 
gine-generator when a predetermined minimum 
current is supplied by said generator, means for 
delaying termination of the operation of said 
engine-generator for a predetermined time pe 
riod following generation of said predetermined 
minimum current to prevent stopping of the en 
gine-generator upon a temporary change in load, 
and means connected in said control circuit for 
effecting immediate stopping of said engine-gen 
erator upon tipping over of said internal combus 
tion engine. 

22. In a control System of the character de 
Scribed for an engine-generator, an internal com 
bustion engine, a generator mechanically coupled 
With said engine and adapted to supply a current 
during operation of the engine-generator, a cir 
cuit for controlling the operation of said engine 
generator, means connected in said control cir 
cuit for terminating operation of the engine-gen 
erator when a predetermined minimum current 
is supplied by said generator, means for delaying 
termination of the operation of said engine-gen 
erator for a predetermined time period following 
generation of Said predetermined minimum cur 
rent to prevent stopping of the engine-generator 
upon a temporary change in load, and manually 
controlled means Connected in Said control cir 
cuit for effecting immediate stopping of said en 
gine-generator. 
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23. In a control circuit of the character de 

scribed, an internal combustion engine, means 
including a control circuit and a source of elec 
trical potential for cranking said internal com 
bustion engine to effect starting thereof, timing 
means connected in said control circuit for initi 
ating said cranking operation of the engine, 
means connected in said control circuit for inter 
rupting said cranking operation upon failure of 
said engine to start, and manually controlled 
lineans in said control circuit for effecting crank 
ing of said engine through said interrupting 

e8.S. 
24. In a control circuit of the character de 

scribed, an internal combustion engine, means 
including a control circuit and a source of elec 
trical potential for cranking said internal com 
bustion engine to effect starting thereof, time de 
lay means connected in Said control circuit for 
interrupting said cranking operation upon failure 
of said engine to start, and means including Said 
time delay means for automatically terminating 
operation of Said engine. 
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25. In a control circuit of the character de 

scribed for an engine-generator, an internal com 
bustion engine, a generator mechanically coupled 
with said internal combustion engine and adapt 
ed to supply a current during operation of the 
engine-generator, means including a control cir 
cuit and a Source of electrical potential for crank 
ing Said internal combustion engine to effect 
starting thereof, time delay means connected in 
Said control circuit for interrupting said cranking 
Operation upon failure of said engine to start, 
means including Said time delay means for ter 
minating operation of Said engine-generator 
When a predetermined minimum current is sup 
plied by said generator, means including said 
time delay means for terminating operation of 
Said engine-generator upon failure of said engine 
to maintain a predetermined minimum oil pres 
Sure therein, and means including said time de 
lay means for terminating operation of said en 
gine-generator upon the temperature of said en 
gine rising above a predetermined value. 

LEE. W. MELCHER. 


