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My invention relates to automatic prime mover

-dynamo electric plants and its object is to provide

an improved arrangement for automatically plac-
ing in opération 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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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 in-
expensive to install and maintain, which can be
easily and quickly vlaced in operation when it is
necessary to opers.e it, and whose operation can
be depended upon under all conditions of weather,
In accordance with the preferred embodiment of
my invention, I accomplish these results by pro-
viding. & Diesel engine driven generator, and
means for automatically starting the Diesel en-
gine and connecting the generator to the dis-
tributien system in response to a predetermined
voltage failure of the normal supply circuit for
the distribution system.

My invention will be better understood from

0 the following description when taken in connec-

tion with the accompanying drawing, the single
- figure of ‘which is a diagrammatic representation
of o control system for a Diesel engine driven
generator, and its scope will be pointed out in the
appended claims,

Referring to the accompanying drawing, 1 rep-
resents an alternafing current distribution circuit
which is normally connected by means of a suit-
able switeh 2 to an alternating current supply cir-
cuit 3. The switch 2, which may be of any suit-
able type, examples of which are well known in
the art, is shown as a latched in circuit breaker
which is held in its closed position by a latch 4
and which is arranged to be opened in respﬁnse

‘to the energization of a trip coil 5.

In order that the distribution circuit I may be
supplied with current when the supply circuit 3
fails, I provide an internal combustion engine
driven dyname electric plant 6 which is arranpged
to be started and connected asutomatically to the
distribution eircuit 1 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 eurrent gen-

¢
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erator 8 which is arranged to be connected across
the distribution circuit 1 by means of & suitable
circuit breaker 9.

The Diesel engine 7 may be of any suitahble con-
struction, examples of which are well known in
the art. Preferably; it is a multi-cylinder en-
gine. Any suitable starting arrangement may
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 toc one or more eylinders of the.

engine, This is one of the well known arrange-
ments for starting a Diesel engine. The supply of
air pressure from the reservoir 16 to the engine 7
is controlled by means of a suitable valve 11 which
is arranged to be opened by means of a magnet 13
when it is energized.

The supply of fuel from s fuel tank 15 to the
engine 7 is controlled by means of a suitable con-
trol valve 16 which is arranged to be opened by
mesns of s magnet 17 when it is energized. In
order that the engine may be primed before start-
ing, I provide & sultable primer 18 which has an
operating winding 18. The engine 7 iz water
cooled and the supply of water to the cooling sys-
tem is conirolled by a suitable valve 20 which is
arvanged to be opened by a magnet 21 when it i
energlzed. A suitable water fow indicator 22, ex-
amples of which are well known in the art, Is pro-
vided with contacts 23 which are arranged to be
closed when the cocling water is fowing through
the cosling system of the engine, -

With 'the arrangement shown, the engine is
started by first opening the valves 18 and 28, then

operating the primer 18 several fimes and then

opening the valve 11 to admit compressed air to
one or more of the engine cylinders. After the
engine starts, the valve 11 is closed to shut off the
supply of compressed air to the engine cylinders
“and thereby render the starting means inopersas
tive.

In order that the various suxiliary devices as-
sociated with the engine 7 may be operated auto-
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maticelly in the proper sequence to start the en- '

gine, T provide & motor operated controller 25
which includes & driving motor 26 and a plurality
of spaced movahie contacts which are respectively
arranged to engage stationary contacts so as to
complete the various‘control cireuits in the proper
seguence, )

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 voltage 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 t{ime, 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 {o 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 bhegins to flow
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 28 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 predetermined value, a suitable
speed responsive device 30 completes an energiz-

. ing circuit for the control relay 29 to restart the

controller which then effects the energization of
the trip coil 5 of the circuit breaker 2 to discon-
nect the deenergized supply circuit 3 from the
distribution circuit 1 and then effects the ener-
gization of the control relay 31 which, in turn,
completes an energizing circuit for the closing coil
32 of the circuit breaker 8 so that the unexcited
generator § is connected across the distribution
circuit 1. The closing of the circuit breaker 9
completes a circuif for g deld contactor 33 which,
when closed, connects the field winding of the gen~
ergtor 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 nre-
defermined time, I provide an arrangement
whereby the confroller 25 is moved to its normal
shutdeown positions if the engine speed does not

.build up to & value to effect the operation of the

speed responsive means 30 within a predeter-
mined time after the sir valve 11 is opened fo
start the engine. This arrangement includes a
time relay 36 which is energized when the op-
erating magnet 13 of the air valve 11 is energized
and which, when energized for a predetermined
length of time, effects the deenergization of the
master relay 28. The master relay 28, when de-
energized, effects the completion of a circuit for
the motor 26 to return the controller 25 fo its
normal shutdown positions. If the voltage of the
normal supply circuit 3 is still below a predeter-
mined value 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 deenergized independently of
the voltage of the¢ supply circuit 3 when the con-
troller 25 subsequently reaches its normal shut-
down positions. )
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39 represents a manually controlled switch
which is so connected that when it is open it
effects the shutting down of the prime mover
plant 6 if it is in operation and prevents the
plant from heing 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-
ing.

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 length of time, relay 27 closes its contacts
40 and completes an energizing circuit for the
master relay 28. This circuit is from one side
of a suitable control circuit through the sta-
tionary contacts ¢ and j and cooperating movable
contacts of the controller 25, contacts 40 of the
voltage relay 27, control switch 3¢, winding of
relay 28, contacts 38 of notching relay 37, contacts
41 of relay 36 to the other side of the control cir-
cuit. Relay 28 by closing its contacts 43 com-
pletes, through the contacts 4 and ¢ of the con-
troller 25, an energizing circuit for the control
relay 29. The control relay 29 by closing its con-
tacts 44 completes an energizing circuit for the
controller motor 26 so that the controller 25 iz
moved out of itz normal shut down positions.

Shortly after the controller leaves ifs normal
shut down posifion, its movable contacts effect
the disconnection of the stationary contact 7
from the stationary contact ¢ and the connec-
tion of the stationary contacts b, f and % to the
staetionary contfact ¢. The connection of the
stationary contact & to the stationary contact
a of the controller 25 completes a locking circuif
for the winding of the relay 28 so that this re-
lay remains energized after the stationary con-
tact 7 of the controller 25 is disconnected from
the stationary contact ¢. This locking circuit is
from one side of the control circuit through the
contacts ¢ 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 confact 7 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 aa an energizing
circuit is completed for the control relay 29.
The connection of the contact k¥ to the con-
tact ¢ 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 ¢ 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
¢ 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 a 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 ¢ 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 alr 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 @ so that the magnet 13 is deénergized
and the air valve 11 is closed. 'When the con-
vroller 25 reaches its running position R, the
control relay 29 is deenergized by the disconnec-
tion of the contact ¢ 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 ‘@ so that an energizing circuit is com-
pleted for the trip coil 5 .of the circuit breaker 2
to effect the disconnection of the deenergized
supply circuit 3 from the distribution circuit 1o

3 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
98. 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 circult
through the contacts a and i of the controller 25,
contacts 50 on the circuit breaker 2, contacts 51

i 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-
plete an energizing circuit for the field contact 33

- so that the fleld winding of the generator 8 is
129 connected acrosg 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 fleld contactor 33 is ‘closed the

voltage is restored to normal across the distribu-
ion circuit 1.

80

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 1.

- 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,

cumpletes through the contacts ¢ 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 bd 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 confroller 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 37T is not restored to its

normal position between successive operations of

the controller 25, the relay 37 permanently opens
its contacts 38 in serles with the winding of the

“master relay 28 so that when the controller sub-

sequently reaches its shut down positions, the
master relay 28 is not-again energized o effect
another operation of the controller 25 although
the contacts 40 of the voltage relay 27 may be
closed.

‘While . I have, in accordance with the patent
statutes, shown and described my invention as
applied to a particular system and as embodying
various devices diagrammatically indicated,
changes and modifications will be obvicus to those

" skilled in the art and I, therefore, aim in the

appended claims fto cover all such changes and
modifications as fall within the true spirit and
scope of my invention.

What I claim as new and desire to secure by

Letters Patent of the United States, is:

1. In combinatlon, a distribution ciréuit, a sup-
ply ‘circuit connected to said distribution circuit,
an internal combustion engine driven dynamo
plant, and mesns 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-

coninection 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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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 comkination, a distribution circuit, a sup-
ply circuait 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 means,
and means responsive to a predetermined condi-

~ tion of said generator for effecting in succession

20

25

50

55

[y

the disconnection of said supply circuit from said
distribution circuit and the connection of said
generator to said distribution circuit.

4, In combination, & 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

4. . 1,965,371

said supply circuit from said distribution eircuit
and the connection of said generator to said dis-
tribution ecircuit with the field winding of the
generafor 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 ceooling system, a valve con-

trolling the supply of cooling water, a primer,
starting means, means for effecting the operation
of said valve to admit cooling water to the cooling
system of said engine, means responsive to the
flow of water through the cooling system of said
engine for effecting the operation of said primer
and the subsequent coperation of said starting
means, 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 M. DRABELLE.
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