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My invention relates to automatic prime nover 
- dynamo electric plants and its object is to provide 
an improved arrangement for automatically plac 
ing in operation an internal combustion engine 
driven generator and particularly a Diesel engine 
driven generator. 
Many small towns and communities receive 

electric power from a single power line which 
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to the energization of a trip coil 5. 

may be supplied with electric power by a source 
situated many miles away. In order to maintain 
continuity of service, in case the power line or 
the source connected thereto fails, it is desirable 
to have available an auxiliary source of current 
which may be used while the main Source of Sup 
ply is not available. It is essential, however, that 
this auxiliary source should be one which is iri 
expensive to instal and maintain, which can be 
easily and quickly placed in operation when it is 
necessary to oper2.e it, and whose operation car 
be depended upon under all conditions of weather. 
In accordance with the preferred embodiment of 
my invention, accomplish these restitS by pico 
viding a liesei engine driven generator, 8.2d 
eans for attornatically starting the Diesel era 

gine and connecting the generator to the dis 
tribution system in response to a predetermined 
voltage failure of the normal supply circuit for 
the distriation Syste. 
My invention Wii e better understood fron 

the following description when taken in connec 
tion with the accompanying drawing, the Single 
figure of which is a diagrammatic representation 
of a control systein for a Diesel engine driven 
generator, and its Scope will be pointed out in the 
appended claii)S. 

Referring to the accompanying dra Wing, rep 
resents an alternating current distribution circuit, 
which is normally connected by means of a suit 
able switch 2 to an alternating current supply cir 
sit, 3, e Switc. 2, which may e Of any Site 
able type, examples of which are well known in 
the art, is shown as a latched in circuit breaker 
which is led in its closed position by a latch. 
and which is arranged to be opened in response 

In order that the distribution circuit I may be 
supplied with current when the supply circuit 3 
fails, provide an internal combustion engine 
driven dynamo electric plant 6 which is arranged 
to be started and connected automatically to the 
distribution circuit when the voltage of the 
supply circuit 3 remains below a predetermined 
value for a predetermined time. As shown, the 
dynamo electric plant. 6 includes a Diesel engine 7 
direct connected to an alternating current gen 

erator 8 which is arranged to be connected across 
the distribution circuit 1 by means of a Sitable 
circuit breaker 9. 
The Diesel engine 7 may be of any suitable con 

struction, examples of which are well known in 
the art. Preferably, it is a multi-cylinder en 
gine. Any Suitable starting arrangement nay 
also be provided. In the arrangement shown in 
the drawing, it is assumed that the engine is 
Started by admitting compressed air from a suit 
able reservoir 10 to one or more cylinders of the 
engine. This is one of the well know arrange 
ments for starting a Diesel engine. The Supply of 
air pressure from the reservoir 3 to the engine 
is controlled by means of a suitabie waive ... which 
is arranged to be opened by means of a magnet 3 
when it is energized. 
The Supply of fuel from a fuel tank i5 to the 

engine 7 is controlled by means of a suitable con 
trol valve 16 which is arranged to be opened by 
means of a magnet it when it is energized. In 
Order that the engine may be prinned before start. 
ing, I provide a Suitable printer 8 which as an 
Operating Widing 9. The engine is water 
cooled and the supply of water to the cooling sys 
ten is controlled by a suitable valve 2 which is 
arranged to be opened by a magne, 2, when it is 
energized. A suitaoie water fow indicator 22, ex 
amples of which are we known in the art, is pre 
vided With contacts 23 which are arranged to be 
closed when the cooling water is fiewing through. 
the cooling System of the engine. r 
With the arrangement showr, the engine is 

started by first opening the valves is and 33, the 
Operating the prine 8 several times and the 
opening the valve ... to admit compressed air to 
one or more of the engine cylinders. After the 
engine starts, the wave is closed to shut of the 
Supply of Cornpressed air to the engine cylinders 
and thereby render the starting nears inopera, 
tive. 

Order that the Various auxiliar devices as 
Sociated with the engine nay is operated auto 
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natically it the proper secuierce to start, the ei 
gine, pirovide a motor operated controllier 25 
which includes a driving notor 26 and a plurality 
of Spaced movable contacts whici are respectively 
arranged to engage stationary contacts so as to 
complete the various control circuits in the proper 
Selenice, 
AS shown in the drawing, the automatic start 

ing of the dynamo electric plant 6 is effected in 
response to the operation of a time delay voltage 
relay 27 which is responsive to the voitage of the 
Supply circuit 3. When the voltage of the supply 
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circuit 3 decreases below a predetermined value 
and remains below this predetermined value for 
a, predetermined length of time, the relay 27 
effects the energization of a master relay 28 
Which, in turn, effects the energization of a Con 
trol relay 29 to complete an energizing circuit for 
the controller motor 26. The controller 25 is then 
operated to effect the operation of the fuel valve 
16 and the Water valve 20 aSSociated. With the en 
gine 7 after which the original energizing circuit 
for the control relay 29 is opened. As soon as the 
cooling Water for the engine 7 begins to fiOW 
through the cooling system of the engine 7, the 
Water flow indicator 22 completes an energizing 
circuit for the control relay 29 to restart the con 
troller 25. The controller 25 then effectS Suc 
cessively the operation of the primer 18 a plu 
rality of times and then the opening of the air 
valve 11 after which the energizing circuit of the 
control relay 29 is opened to stop the controller 
Until the engine Speed reaches a predetermined 
Value. AS Soon as the engine starts and its Speed 
increases above a predeteriained value, a Suitable 
Speed responsive device 30 conpletes an energiz 
ing circuit for the control relay 29 to restart the 
controllei' which then effects the energization of 
the trip coil 5 of the circuit breaker 2 to discon 
nect the deemergized Supply circuit, 3 from the 
distribution circuit and then effects the ener 
gization of the control relay 31, which, in turi, 
completes an einergizing circuit for the closing coil 
32 of the circuit breaker 9 so that the unexcited 
generator 3 is connected across the distribution 
circuit, i. the closing of the circuit breaker 9 
completes a circuit for a field contactor 33 which, 
When closed, connects the field winding of the gen 
erator 8 across a suitable source of direct current, 
Such as a direct connected exciter 34 so that the 
load circuit i is again energized. 

in case the engine fails to start, Within a pre 
determined time, it provide an arrangement 
whereby the controller 25 is noved to its norma. 
shutdown positions if the engine speed does not 
build up to a, value to effect the operation of the 
Speed responsive means 30 Within a predeter 
nined time after the air valve i is opened to 
Start, the engine. This arrangement includes a 
time relay 36 which is energized when the op 
erating magnet i3 of the air valve 11 is energized 
and which, when energized for a predetermined 
length of time, effects the deenergization of the 
naster relay 28. the master relay 28, when de 
energized, effects the completion of a circuit for 
the motor 26 to return the controller 25 to its 
normal shutdown positions. If the voltage of the 
normal supply circuit 3 is still below a predeter 
mined Valle When the controller 25 reaches its 
normal shutdown positions, the original ener 
gizing circuit of the master relay 28 again is com 
pleted to effect the operation of the controller 25 
to attempt another starting of the engine. In 
Order to limit the number of times the controller 
25 can be operated within a predetermined time 
to effect the starting of the engine, I provide a 
notching relay 37 which is SO connected to the 
controller 25 that it is energized once during each 
revolution of the controller. If the controller 25 
makes a predetermined number of revolutions 
within a predetermined time, the relay 37 is ar 
ranged to open permanently its contacts 38 which 
are in the circuit of the master relay 28 so that 
the relay 28 remains deemergized independently of 
the voltage of the supply circuit 3 when the con 
troller 25 subsequently reaches its normal shut 

5 down positions. 

1,965,371 
39 represents a manually controlled Switch 

which is so connected that when it is open it 
effects the shutting down of the prime Inover 
plant 6 if it is in operation and prevents the 
plant from being started in response to the Volt 
age of the supply circuit when the plant is shut 
down. 
The operation of the system shown in the 

drawing is as follows: When the supply circuit 3 
is energized and is connected to the load cir 
cuit 1 by the circuit breaker 2 and the prime 
mover plant 6 is shut down, the various control 
devices are in the positions shown in the draw 
ling. 

Let it now be assumed that the voltage of the 
supply circuit 3 decreases below a predetermined 
value so that the voltage relay 27 becomes de 
energized. If the Supply circuit Voltage remains 
below this predetermined value for a, predeter 
mined iength of time, relay 27 closes its contacts 
40 and conpletes an energizing circuit for the 
master relay 28. This circuit is from one side 
of a suitable control circuit through the Sta 
tionary contacts at and i and cooperating novable 
contacts of the controller 25, contacts 40 of the 
voltage relay 27, control switch 39, Winding of 
relay 28, contacts 38 of notching relay 37, contacts 
4.1 of relay 36 to the other side of the control cir 
cuit. Relay 28 by closing its contacts 43 con 
pletes, through the contacts a, and c of the con 
troller 25, an energizing circuit for the control 
reiay 29. The control relay 29 by closing its con 
tacts 44 completes an energizing circuit for the 
controller notor 26 so that the controller 25 is 
moved out of its normal shut down positionS. 
Shortly after the controller leaves its normal 

shut down position, its movable contacts effect 
the disconnection of the stationary contact i 
from the stationary contact (l, and the connec 
tion of the stationary contacts b, f and k to the 
stationary contact a. The connection of the 
stationary contact t to the Stationary contact 
a of the controller 25 completes a locking circuit 
for the Winding of the relay 28 so that this re 
lay remains energized after the stationary con 
tact i of the controller 25 is disconnected from 
the stationary contact a. This locking circuit is 
from one side of the control circuit through the 
contacts a and b of the controller 25, contacts 
42 of the relay 28, contacts 40 of the voltage re 
lay 27, control switch 39, winding of relay 28, 
contacts 38 of notching relay 37, contacts 41 of 
relay 36 to the other side of the control cir 
cuit. 
The connection of the contact f to the contact 

a of the controller 25, completes the circuits 
for the operating magnets 17 and 21 of the fuel 
valve 16 and the water valve 20 respectively. The 
circuits of these magnets also include the con 
tacts 45 of the master relay 28. As soon as the 
cooling water starts to flow through the cooling 
System of the engine 7, the water flow indicator 
22 closes its contacts 23 So that when the con 
troller 25 reaches its position ad an energizing 
circuit is completed for the control relay 29. 
The connection of the contact k to the Con 

tact d of the controller 25 completes an ener 
gizing circuit for the notching relay 37 So that 
its movable arm is moved forward a predeter 
mined distance but not far enough to effect the 
opening of the relay contacts 38. 
When the controller 25 reaches its position 

aa, the above traced circuit for the control re 
lay 29 through the contacts a and c of the con 
troller 25 is opened. If, however, the cooling 
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water is flowing through the cooling system of 
the engine 7, the contacts 23 of the water flow 
indicator 22 completes through the contacts a 
and d of the controller 25 and the contacts 43 
of the master relay 28 an energizing circuit for 
the control relay 29 to effect the movement of 
the controller from its position aa to its posi 
tion bb. Shortly after the controller moves out 
of its position aa, the above traced circuit of 
the control relay 29 through the contacts a and 
c of the controller 25 is completed to effect the 
movement of the controller to position bb after 
the contact d is disconnected from the contact 
a of the controller 25. While the controller 25 is. 
effecting this movement from its position aa. 
to its position bb, the contact g of the controller 
is connected to the contact at a plurality of times 
so that the operating magnet 19 of the primer 
18 is energized to prime the engine 7 a plu 
rality of times. The circuit of the magnet also 
includes the contacts 45 of the relay 28. 
When the controller 25 reaches position bb, 

the contact c is disconnected from the contact 
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a of the controller so that the control relay 
29 becomes deenergized and, in turn, deenergizes 
the operating motor 26. In position bb of the 
controller 25, the contact h is connected to the 
contact d of the controller so that the magnet 
13 and the time relay 36, which are connected in 
parallel, are simultaneously energized. The ener 
gization of the magnet 13 opens the air valve 11 
so that compressed air is admitted to one or more 
cylinders of the engine 7 to effect the starting 
thereof. If the engine starts immediately, its 
Speed increases to a value Sufficient to cause the 
Speed responsive device 30 to close its contacts 48. 
and thereby complete a circuit for the control 
relay 29 through the contacts a and e of the con 
troller 25 and the contacts 45 of the master re 
lay 28 to effect the movement of the controller 
25 from its position bb to its running position R. 
Shortly after the controller 25 leaves its posi 

tion bb, the contact h is disconnected from the 
contact a so that the magnet 13 is deenergized 
and the air valve 11 is closed. When the con 
troller 25 reaches its running position R, the 
control relay 29 is deenergized by the disconnec 
tion of the contact c from the contact a of the 
controller 25. In the running position R of the 
controller 25 the contact i is connected to the 
contact a so that an energizing circuit is com 
pieted for the trip coil 5 of the circuit breaker 2 
to effect the disconnection of the deemergized 
Supply circuit 3 from the distribution circuit in 
The energizing circuit of the trip coil 5 also in 
cludes the auxiliary contacts 49 on the circuit 
breaker 2 and, the contacts 45 of the master relay 
28. As soon as the circuit breaker 2 opens, a 
circuit is completed for the control relay 31 to 
effect the energization of the closing coil-32 of 
the circuit breaker 9. The circuit of the control 
relay 31 is from One side of the control circuit 
through the contacts a and it of the controller 25, 
contacts 50 on the circuit breaker 2, contacts 5 
on the circuit breaker 9, winding of relay 31, 
contacts 45 of the master relay 28 to the other 
side of the control circuit. Relay 31 by closing 
its contacts 52 completes the energizing circuit 
for the closing coil 32 so that the armature wind 
ing of the unexcited generator 8 is connected to 
the distribution circuit 1. AS SOOn as the circuit 
breaker 9 closes its auxiliary contacts 53 Com 
nlete an energizing circuit for the field contact 33 
so that the field winding of the generator 8 is 

it's , connected across the exciter 34. This energizing 

3 
circuit for the field contactor 33 also includes the 
contacts 45 of the master relay 28. 
As soon as the field contactor 33 is closed the 

voltage is restored to normal across the distribu 
ion circuit 1. SO 
The plant may be shut down by opening the . . 

control switch 39 which deenergizes the master 
relay 28. The closing of the contacts 54 of the 
master relay 28 completes through the contacts 
a and b of the controller 25 an energizing circuit 
for the control relay 29 to effect the movement 
of the controller from the running position R to 
the shut down positions. The closing of the con 
tacts 56 of the master relay 29 completes through 
the auxiliary contacts 57 on the circuit breaker 
9 an energizing circuit for the trip coil 58 of the 
circuit breaker 9 so that the generator 8 is dis 
Connected from the distribution circuit . 

If the engine 7 fails to start when the con 
troller 25 is in position bb, the above traced cir 
cuit for the control relay 29 through the contacts 
48 of the speed responsive device 30 is not com 
pleted and, therefore, the time relay 36 which 
is connected in parallel with the magnet 13 of 
the air valve 11, is energized for a sufficient length 
of time to effect the opening of its contacts 41 
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which are in the energizing circuit of the master 
relay 28. Relay 28, by closing its contacts 54, 
completes through the contacts a and b of the 
controller 25 an energizing circuit for the control 
relay 29 to effect the movement of the controller 
25 from its position bb through its running posi 
tion R to its shut down positions. If the con 
tacts 40 of the voltage relay 27 are still closed 
when the controller reaches its shut down posi 
tions, the master relay 28 is again energized to 
effect another operation of the controller 25. If 
the controller 25 makes a predetermined number 
of revolutions within a predetermined time so 
that the notching relay 37 is not restored to its 
normal position between successive operations of 
the controller 25, the relay 37 permanently opens 
its contacts 38 in series with the winding of the 
naster relay .28 so that when the controller Sub 
sequently reaches its shut down positions, the 
master relay 28 is not again energized to effect 
another operation of the controller 25, although 
the contacts 40 of the voltage relay 27 may be 
COSed. 
While I have, in accordance with the patent 

statutes, shown and described my invention as 
applied to a particular systern and as embodying 
various devices diagrammatically indicated, 
changes and modifications will be obvious to those 
skilled in the art, and I, therefore, aim in the 
appended claims to cover all such changes and 
modifications as fall within the true spirit and 
scope of my invention. 
What I cairn as new and desire to secure by 

Letters Patent of the United States, is: 
i. In combination, a distribution circuit, a sup 

ply circuit, connected to said distribution circuit, 
an internal combustion engine driven dynamo 
plant, and means responsive to a predetermined 
condition of the voltage of said supply circuit for 
effecting the starting of the said plant, and means 
responsive to said starting for effecting the dis 
connection of said supply circuit from said dis 
tribution circuit and the Subsequent connection 
of said plant to said distribution circuit. 

2. In combination, a distribution circuit, a sup 
ply circuit connected to, said distribution circuit, 
an internal combustion engine driven dynamo 
plant, means responsive to a predetermined con 
dition of said supply circuit for effecting the start 
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2. 

ing of the engine of said plant, and Speed respon 
Sive means for effecting the disconnection of Said 
Supply circuit from Said distribution circuit, and 
the Subsequent connection of Said plant to Said 
distribution circuit when the Speed of the engine 
Of Said plant is above a predetermined Value. 

3. In combination, a distribution circuit, a Sup 
ply circuit connected to said distribution circuit 
a Diesel engine driven generator, Starting means 
for the engine driving said generator, means for 
effecting the operation of said starting neans, 
and means responsive to a predetermined condi 
tion of said generator for effecting in Succession 
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the disconnection of Said Supply circuit fron Said 
distribution circuit and the connection of Said 
generator to Said distribution circuit. 

4. In coinbination, a distribution circuit, a Sup 
ply circuit connected to said distribution circuit 
an internal combustion engine driven generator 
having a field winding, means for starting the 
engine driving Said generator, means responsive 
to a predetermined Speed condition of Said engine 
for effecting in Succession the disconnection of 

1,965,37. 
said supply circuit from said distribution circuit 
and the connection of said generator to said dis 
tribution circuit with the field winding of the 
generator unexcited, and means responsive to the 
connection of Said generator to said distribution 
circuit for effecting the energization of the field 
Winding of Said generator. 

5. In combination, an electric circuit, an inter 
nal combustion engine driven generator, a cooling 
System for said engine means for Supplying cool 
ing Water to said cooing Systern, a valve CO 
trolling the Supply of cooling water, a primer, 
Starting nears, neans for effecting the operation 
of Said valve to admit Cooling Water to the cooling 
System of said engine, means responsive to the 
fiOW of Water through the cooling Systern of Said 
engine for effecting the Operation. Of Said prinner 
and the Subsequent operation of Said Starting 
neans, and means responsive to the starting of 
Said engine for rendering said Starting means 
inoperative and for effecting the connection of 
said generator to said circuit. 

JOHN DRABEE. 
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