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This invention relates generally to control
systems for electric power plants such as are
used for farm lighting, the operation of air-
plane beacons or similar service.

s More particularly, this invention relates
to automatic electric-generating systems in-
cluding, among other elements, a battery, an
engine, a dynamo-electric machine and load-
line circuits and adapted for use on automo-
biles, or in isolated places, such as country
residences, farm homes, places where the at-
tendant is partially or totally unskilled in
the art of managing such plants, or generat-
ing plants for airplane beacons, which are
often very isolated and where the attendant,
whether skilled or unskilled, merely makes
periodic inspection of the plants to provide
the necessary gasoline and oil.

An object of this invention is the provision
of an electric-power unit which shall be sim-
ple in construction, automatic and efficient in
operation and which may be readily installed.

A more specific object of the invention is
to provide ?oer protection against over-volt-
2; age, over-load and continu cranking when
the engine fails to start. ‘
. A further object of the invention is to pro-

vide for automatic starting of the engine

when the load on the line exceeds a predeter-
mined value and for automatic stopping of
the engine when the load on the line decreases
toa })redetermined value, and for controlling
the fuel supply to the engine during starting

operations to provide for feeding an amount
5 of fuel proportional to the current in the
load-line and control ecircuits.

Another object of the invention is to pro-
vide for varying the choking of the engine
during the starting operation and for control-
iing such varying choking over a predeter-
mined range during a predetermined inter-
val of time. E
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It is also an object of this invention to pro-

vide for automatic and manual starting of

the generatin%“plant and providing for ex-

peditious cranking protection in case the en-

- gine “sticks”, thus ?ocking. the armature of
the dynamo-electric machine. ‘

Other objects and advantages will be ap-

& parent from a perusal of the following speci-

especially when done in conjunction
with the accompanying drawing wherein
Fig. 1 shows, diagrammatically, the various
elements of this invention disposed in oper-
ative relation; and Fig. 2 shows, diagram-
matically, a modified arrangement of the
starting switch.

In the diagrammatic showing of the auto-
matic electric-generating system, 1 designates
a series line
trollingEthe starting and stopping of the
engine E in response to load conditions in the
load lines 12 and 82. Associated with the
control system, and particularly with the
series-line relay 1, are a
2 and 3 which control the starting operation’
of the engine through the dynamo-electric
machine M, acting as s motor. -

To protect against continuous cranking,
in case the motor fails to start the engine,
a_thermo-electric time-limit relay 4 is pro-
vided. Associated with the engine, but more
particularly with the carburetor of the en-
gine, is an automatic-choking device 5 and
an auxiliary time-limit choking device 7 ,and,
intermediate the carburetor and the engine,

is disposed a series governor 9. . Reference

fication,

character 8 designates another relay disposed
for operation to isolate the battery B from -

the generating system in case the voltage de-
creases to a predetermined value either
through excessive discharge of the battery

-or becaiise of & short-circuit on the line. -

e series governor 9, during operation of
the engine E and machine M, controls the fuel
supply, and the amount fed to the engine is
proportional to the load on the line. How-
ever
the :)peration of-the push-button switch as.
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relay for automatically con- P

air of control relays o5
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during manual starting effected through

sembly 6, disposed adjacent .to the armature %

of the series governor 9, the governor is held
open to ensure an ample fuel supply during
such manua] starting.

Referring more particularly to the ele-
ments in the drawing, 1 represents a series
line relay and comprises an actuatinﬁ

member 29 disposed for operation by the ar-
mature. The armature 24 may. be biased
towards a position in which the contact mem-

coil
23, an armature 24, and a contact-bri ging
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bers of the relay are open, by means of &
spring 26 positioned between an upper fixed
support 25 and a washer 27 secured to the
Jower end of the spring and held in any given
position on the armature 24 by a nut 30
mounted on a screw-threaded extension 28
of the armature. The spring 26 and the ar-

. mature 24 are secured against rotation.
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" a certain position,

The nut, below the washer and in threaded
engagement with the extension 28 on the ar-
mature, is provided with graduations for
cooperation with an index on the washer 27.
By a manipulation of the nut, the biasing ef-
fect may be adjusted to any desired value and,
in consequence, the current flowing through
the coil necessary to hold contact members
31 closed may be predetermined. The posi-
tion of the nut 30 and hence, the degree of
compression_initially applied to the spring
when the relay is in the open position, will
determine both the “pull in” and the “drop
out” values of current flowing in the coil 23
at which the relay will either close or open
its contact members.

For example, if the nut 30 is adjusted to

ition, for instance, the position
shown in the drawing, a current of six am-
peres may be requireé to energize the coil
to close the contact members of the relay 1.
When the relay is closed, a current of less

* than six amperes will maintain it closed.

- spring on the armature.

43

- energizing current traversin
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“tery

50,

" through conductor
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“be

if the current be reduced to a value
a balancing point will be

etic pull of the coil
ance the pull of the

If the current be
reduced still further, the force exerted by the
spring will become greater than the magnetic
pull of the coil, and the relay will be actuated
to open its contacts. The value of the coil-
the coil at
which the relay will “drop out” or open may
be as low as three amperes.

In the drawing, B designates the battery,
which is of the 32-volt type. However, it is
obvious that the number of individual units
of the battery may be changed so that any
other voltage, such, for example, as 110, may

rovided. :
onnected directly across the battery ter-
minals, is a low-voltage control relay 8 hav-
ing an actuating coil 14 and contact members
13 disposed to open the load-line circuit to
isolate the battery from the generating sys-
tem in case of excessive discharge of the bat-
or because of the heavy current that
may be drawn by the dynamo-electric ma-
chine M in case the rotor becomes locked
during the starting operation. The circnit
for the low-voltage relay may be traced
from the positive terminal of the battery B,

Therefore,
below six amperes,
resched at which the ma
on the armature will ba

actuating coil 14 of relay 8, conductor 15
and conductor 12, to the negstive terminal
of the battery. Connected in series with the

11, contact members 13,
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load line is an ammeter- A which may be
mounted on a panel board in some con-
venient place for cbservation. ‘

The actuating coil 20 of the series gov-
ernor 9 is connected in the conductor 19.
The function of the series governor,
normal automatic operation,.is to open the

- valve in hcusing 86 in direct proportion to

the load current. As shown, the actuating
coil 20 acts -direetly on armature 85. ‘Dis-
posed adjacent to the geries governor, is &
push-button assemblage 6.comprising a sup-
porting member 89, a push-button 87, a
spring 88 disposed intermediate the push-
button 87 and the supporting member 89 to
bias the contact 93 of the
upper or open position. Below the support-
ing member 89, are pivotally mounted a pair
of contact members 92 and 94 biased by
springs 91 toward a given position against
stops 90. Secured to. the lower pcrtion of
contact member 93 is a stem provided ‘with,
a notch with which a latch 97, secured to-a
support 96, is disposed to engage.

en the plant is to be manually started,
push-button 87 is depressed against - the
action of spring 88 until contact 93 bridges
the pivotally mounted contact members 92
and 94, thereby clcsing a.circuit in. parallel
to the contact members.of the series line re-,
lay above referred to. When it is desired to

charge the battery, push-button 87 is de-

‘during

ush-buttcn to the -

pressed to permit the latch 97 to engage the

notch in the projecting portion ‘of the con-
tact 93. When this takes place, the project-
ing portion also engages the armature 85 of
the series governor and disposes the valve of
the governor to' a “desired open position,
thereby causing the engine to operate at a
predetermined comparatively-high _speed,
whereby the dynamo-electric machine M.
generates a voltage sufficiently ‘high to
charge the battery.. : R
Controlled by the. operation of the series
line relay 1, it isa time-limit thermo-electric
protective cranking device 4 comprising &
pair of bi-metallic strips 69 and 70 rigidly
fixed, at one end, to a support. To the free
end of the strips 69 and 70 is loosely secured
a push rod 98 to engage 2 latch member 105
held in a given position against & support:
104 by means of & spring 106. The tension
of the spring may be adjusted by means of
nuts 107 disposed on a threaded extension
108 secured to support 104 and projecting
through a relatively large opening in the
latch member 105. Adjacent to the upper
bi-metallic strip 69 is disposed an electric
heater 77 which is subject to the voltage of
the generating system. Wound about the
bi-metallic strip 70 is a current coil 82 con-
nected in the sysiem to carry either the start-
ing current drawn by the dynamo M. oper-
ating as a motor or the current generated by
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‘heater 77 will be somewhat lower.

7 such conditions,
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the dynamo when functioning as a generator
during loaded operation of the system.
Attention is called to the fact that heater
82, while wound about the bi-metallic strip
70, is nevertheless in the vicinity and in heat-
transfer relation to the bi-metallic strip 69.
The purpose of this arrangement is to com-

pensate for any change in voltage that may

take place in the system. For instance, if
the heating effect of the heater 77 be in-
sufficient, because of low battery voltage, to
cause a deflection of the bi-metallic strip 69
through a given range in a required prede-
termined interval of time, the heater 82 causes
sufficient heating of bi-metal strip 69 to pro-
vide for the required deflection.

When the engine is warm for instance at
70° F. and the oil in consequence not viscous,
the cranking current will be small and the
voltage of the battery will not be affected

during cranking. The heater 77 is, therefore,

subject to normal battery voltage and, since
the heating effect of heater 82 under these
conditions is negligible, will cause operation
of the protective cranking device after a pre-
determined interval of time.

When the engine is cold, for instance at 32°
F. and the oil correspondingly more viscous,
the cranking current will be much greater
and the voltage of the battery impressed on
Under
these conditions the effect of heater 82 is ap-
preciable and by its collateral heating of strip
69 aids heater ;’Z sufficiently to cause deflec-
tion of this strip over a predetermined range
during the same interval of time required
for the higher temperature. Heater 82 thus
compensates for any drop of voltage of the
battery during cranking.

For a very low temperature, for instance
zero, the voltage drop of the battery during
cranking may be so much that heater 77 alone
could not trip the protective cranking device.
However, for the very low temperature the
heater 82, with the slight aid of the heater
77 insures operation of the protective crank-
ing device after a given interval of time.
Tests have indicated that the protective
cranking device,
of this invention, will always operate in about
a minute and a half for temperature changes
ranging from 0° F. to 70° F.

If, during starting operation, the engine
shaft should be locked and thus the voltage
applied to the motor be across a stationary
armature, the current would be excessive and,
In consequence, the voltage of the battery
would be quite low. Under such conditions,
the effect on the heater 77 might not be suffi-

_cient to cause the protective cranking device

4 to function in time to protect the armature
circuit and other circuits of the system. The
heater 82, therefore, ensures a.rapid actua-
tion of the protective cranking device under

“is dis

forming an important part

Adjacent to the bi-metal strips 69 and 70
osed a_support 109 having a screw-
threaded projecting stem 113 carrying nuts
112 and a spring 111, the tension of which
may be adjusted by the nuts 112. Intermedi-
ate the spring and the support 109, is disposed
a contact-carrying member 110 having a rel-
atively large opening through which the stem
113 exten(fs. Ei‘he number 110 may thus be
moved towaids the right, as on a pivot, and
is biased to a given position against the sup-
port 109 by spring 111.

Intermediate the ends of member 110, is
positioned a contact 99 for engagement with
the contact 35 when the member 110 is in the
position shown in the drawing. Upon de-
flection of either one or both of the bi-metal
strips 69 and 70, latch member 105 is moved
to a lower position so that the -projecting
portion 115 on the latch member 105 extends
into the opening 114, thereby opening the
contacts 35 and 99. As soon as projection 115
enters the opening 114, latch member 105 can-
not operate to close the contacts 35 and 99
and, if the protective cranking device has

functioned, it is necessary for an attendant to

reset the members 105 and 110 in the position
shown. :

Also controlled by the series-line relay are
a pair of control relays 2 and 3. The control
relay 2, including the actuating coil 44, con-
tact members 45 and contact-bridging mem-
ber 46, operates after the actuation of the
series line relay to close a circuit for the
dynamo M. :

The relay 3 is provided with a pair of ac-
tuating coils 49 and 50, the actuating coil 49
being subject to the voltage of the battery
and the actuating coil 50 being subject to the
cranking current taken by the dynamo M.
when operating as a motor. During crank-
ing operation, the magnetic effect of the coils
49 and 50 is cumulative and operates to close
the contact members 73 by the contact-bridg-
ing member 74. A fter the engine has started
and drives the dynamo M as a generator, the
current in the actuating coil 50 reverses and
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thus its magnetizing effect is in opposition to -

the magnetizing effect of the voltage coil 49.
The compound-wound relay 3 controls the
current passing through the heater 77, the
actuating coil 61 of the engine-choking de-
vice 5 and the heater 65 of the time-limit
engine-choking device. If the engine starts
before the protective cranking device 4 oper-
ates, contact members 73 are opened, and the
circuits to actuating coil 61 and the heaters
65 and 77 are broken, as desired.

The compound-wound relay, since it con-
trols the operation of the protective cranking
device, provides for starting protection, thus
preventing depletion of the battery because
of continuous cranking. If, during opera-
tion, the speed of the engine E, for some rea-
son, becomes excessive, thus raising the vo™.-
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age of the system abnormally high, energiza-
tion of coil 49 alone will be sufficient to cause
the closing of contacts 73, whereas, if the
speed remains normal but the load becomes
coil 50 alone will be suffictent to
cause closing of the contacts 73. The ratio
of the turns of coil 49 and 50 is so chosen
that the stated functions take place. From

this three-fold function of the compound-:

wound relay, it is apparent that this relay
provides, in a very simple manner,
ing protection, over-load protection and over-
voltage protection of the generating system.
The operation of the device is as follows:
Assuming that a number of switches 80 are
closed, then, if the current flowing in the
work circuit or load line is below a predeter-
mined value, as, for example, below 'six am-
peres, the storage battery will supply the cur-
rent. If the current demand exceeds six am-
peres, the contact members 31 are closed,
therei)y establishing an engine-starting cir-
cuit through the motor. As the engine comes
up to normal speed, the dynamo is driven as
a generator to take up the load in the work
circuit. ' ' '
The circuits mentioned may be traced from
the positive terminal of the battery B,
through conductor 11, contacts 13 of the low-
voltage relay 8, conductor 17, ammeter A,
conductors 18 and 19, actuating coil 20 of
the series governor 9, conductors 21 and 22,
actuating coil 23 of the series line relay 1,
conductor 32, load 33, switch 80 and conduc-
tor 12, to the negative terminal of the bat-

tery.
_ ?f the current in the load exceeds a pre-
determined value, the series-line relay closes
contact 31, thereby establishing a circuit
from the energized condnctor 32, through
contacts 31, bridged by the contact-bridging
member 29 and conductor 34, to contact 99,
Since, during starting operation, the ele-
ments of the protective cranking device are
in the position shown in the drawing con-
tacts 35 and 99 are in engagement, thereby
establishing three parallel circuits. o
The circuit for the engine ignition is es-
tablished, through conductor 36, primary 3
of the transformer of the ignition system 10,
condenser 38, and interrupter 39 in parallel

- and conductor 12, to the negative terminal

60

of the battery. Disposed adjacent to the
primary 37 '
of conductors 42 leading to the engine block
and spark terminal 41, respectively.

The second parallel circuit established
through the contacts 35 and 99 may be traced,

through conductor 43, actuating coil 44 of

control relay 2, conductor 47, actuating coil.
50 of the compound-wound relay 3, conduc-

tor 51 and conductor 12, to the negative bat-
terIy terminal. :
n parallel-circuit relation to the actuat-

ing coil 44 is an actuating coil 49 by means

for crank- .

is a secondary 40 having a pair,
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of a conductor 48 and the conductor 47. -Dur-
ing this stage of operation, the effect of the
coils 49 and 50 is additive. However, before
the actuation of the control relay 2, the com-
bined magnetic effect of coils 49 and 50 is
not sufficient to- close the contacts 7 3 by the
bridging member 74. o

The control relay 2, upon energization,
however, operates to close contacts 45 by the
contact-bridging member 46, thereby estab-
lishing a motor ¢ 'rcuit for the -dynamo-elec-
tric mrachine M. This circuit may be traced
from the positive battery terminal; through
conductor 11, contacts 13, conductor 17, am-
meter A, conductors 18 and 81, heater 82,
conductor 52, series field winding' 53, con-
ductor 54, armature 55 of the dynamo: M,
conductor 56, contact 45—bridged by the
contact bridging member 46—conductor 417,
actuating coil 50, conductor 51 and conduc-
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tor 12, to the negat.ve términal of the bat-

tery. L o .
Disposed-in parallel circuit relation to the
armature 53, is a.si.unt field winding 57, a
shunt field resistor 58 and-a conductor 59.
Closure of the contacts 45 by the contact-
bridging member 46 and establishing the cir-
cuits just described .causes the heavy crank-
ing current: to pass through actuating col
50, the combined magnetic effect

of coils 49 -

and 50 thus operating to close-contacts 73

by the contact-bridging member 74. -Closure
of contacts 73 establishes a circuit from-con=
tact 35 to contact 99, conductor 72, contact
73—bridged by -the contact bridging ‘mem-
ber 74 of the compound wound relay 3—and
conductor 75, through a plurality of parallel
circuits and through the protective t me-limit
engine cranking device 4; the engine-chok-
ing device 5 and the time-limit engine chok-
ing device 7. These cireuits ‘may be traced
from the energizedconductor 75, through
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conductor 76, heater 77; conductor’ 78 and -

conductor 12, to the negative battery termi-

.nal and, through conductor 60, actuating coil

61 of the engine-choking device 5, conductor
62, conductor 63, conductor 78 and conductor

12, to the negative terminal of the battery and.
# also from conductor 7 5,-through conductor

64, heater 65 of the time-limit engine-cholk-
ing device 7, conductor 63 and -conductors 78
and 12, to the negative terminal of the bat-
tery. - Co o % o
Tf the engine fails to start with'n a pre-
determined interval -of time, the combined
action of the current heater 82 and the volt-

age heater 77 operates to break the contacts
directly interrupting the ig-.

35 and 99, thus
nition circuit of the engine and. the circmit
for the control relays 2 and 3. - Deenetgiza-
tion of the control relays 2 and ‘3 causes an
interruption of -the electrical-energy supply
to heaters 77 and 65 and the actuating coil 61.

Since the actuation of the protective crank-
ing device causes 2 movement of -the latch

11¢
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member 105 to a lower position for engage-
ment with the opening 114, no further auto-
matic cranking is possible, and an attendant
must reset the protective cranking device in
the position shown in the drawing, before
further automatic cranking can take place.

If the engine starts with'n a given time’

after the operation of the series line relay
1, the current in the actuating coil 50 re-

-verses, opposing the effect of the coil 49 and

thus causing the separation of the contacts
73. This operation of contacts 73 prevents

* the protective cranking device from func-
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tion'ng. When the load again decreases to
some predetermined low valué, for instance,
to 3 amperes, the series line relay drops into
the position shown in the drawing, the en-
gine stops and the battery assumes the load.

During cranking, heater 65 is energized,
as above pointed out, and actuating coil 61

operates to completely close the valve in the .

tube 66. Energization of heater 65 causes 8
downward deflection of the bi-metal strip 68
and thus varies the biasing effect of the s ring
71 interposed between the free end of the bi.
metal strip and a valve disc 67 seated in an
auxiliary opening of the housing 69 of the
time-limit choking device. It will be appar-
ent that the seating pressure of valve disc 67
varies from a maximum, during the initial
stages of starting, to a minimum after a pre-
determined interval of time. To ensure that
the bi-metal strip 68 shall be deflected over
8 given range in a given time, it is designed
to be relatively insensitive to ambient tem-
perature and is mounted within the housing
of the time-limit choking device upon a heat-
insulating block, thus reventing the dissipa-
tion of the heat transmitted from the heater 65
to the bi-metal strip 68. The subject matter
of this time-limit choking device is covered
in & separate application of L. C. Frank J. D.
Conant, filed anuary 30, 1930, Serial No.
424,616 and assigned to Westinghouse Elec-

5 tric & Manufacturing Company.

The manual starting means above dis-
cussed need not necessarily be connected in
the circuits as shown but may be disposed as
shown in Fig. 2. In Fig. 2, the conductor
100, the contacts 101, the push-button 102
and the conductor 103 correspond to the con-
ductor 79, the contacts 92 and 94, the push-
button 87 and the conductor 95.

. X do not limit myself to the specific struc-
tural details,
connections herein set forth, as various other
modifications thereof may be made without
departing from the spirit and scope of this
invention, as defined in the appended claims.

I claim as my invention :

L In an electric-generating system, in
combination, an internal-combustion engine,
2 dynamo-electric machine, s battery, a load
line and a system of control comprising a
series line relay for closing a motor c1rcuit%or

arrangement of parts or circuit

said dynamo-electric machine to crank said -
engine when the load in the line exceeds a -
predetermined amount, an electrically con-

trolled time-limit protective cranking device
for interrupting the motor circuit should the
engine fail to start within the time limit of
the protective cranking device, and an elec-
trically controlled time-limit engine choking
device for varying the choking of the engine
during the cranking operation over a. pre-
determined range during a predetermined in-
terval of time.

2. Inan electric-generating system, in com-
bination, an internal-combustion engine, a
dynamo-electric machine, a battery, & load
line and a system of control includig a series
line relay for closing a motor circuit for said
dynamo-electric machine to crank the engine
when the load in the line exceeds a predeter-
mined amount, and an electrically controlled
time-limit engine-choking device for var ing
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the choking of the engine during the cran ing

operation over a predetermined range during
a predetermined interval of time.

3. In an electric-generating system, in com-
bination, an internal-combustion engine hav-
ing a carburetor, a dynamo-electric machine,
a battery, a load line, and a system of control
for the dynamo-electric machine to crank the
engine including a thermo-electric protective

90

95

engine-cranking device, an engine-choking

device, a preheater for the air passing to the
carburetor, a control relay for closing the
motor circuit, a compound-wound relay hav-
ing a_current coil and a voltage coil con-
trolled by the control relay for closing the
circuit to the preheater, the engine-choking
device and the protective cranking device and
a series line relay responsive to the load on
the line for controlling the operation of the
control relay and the compound-wound relay.

4. In an automatic electric-generating sys-
tem of the demand-starter type having a bat-
terly, a dynamo, load-line circuits, an inter-
nal-combustion engine and control circuits
for the system, said control circuits includ-
ing a time-limit protective cranking device
having a pair of bi-metal strips, an electric
heater energized by the voltage of the system
adjacent to one of the strips, a second elec-
tric heater energized by the cranking current

‘adjacent to the second strip and being also

in heat-transfer relation to the first strip,
thereby keeping the effect on the strips sub-
stantially constant, regardless of voltage
changes of the system resulting from varia-
tions in starting current, a latch actuated by
the strips, and contacts opened by the opera-
tion of the latch to cause a cessation of the
cranking operation.

5. In an automatic electric-generating sys-
tem, in combination, a battery, load line nir-
cuits an internal-combustion engine, a dyna-
mo-electric machine for operation as a mo-

tor to crank the engine and for operation as
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ply the load
on the line, a series line relay for automati-
cally starting the engine when the load on the
line exceeds & predetermined value and for
causing the stogping of the engine when the
load decreases below 2 predetermined value,
a series-line governor for the engine, means
for starting the engine manually, regardless
of the load on the line, and means associated
with the manual starting for locking the
governor to open position a predetermined
extent, whereby the engine maintains a rela-
tively high speed, thus causing the dynamo
to generate a voltage sufficiently high to
cha(i'ge the battery and alse to supply the
load. ’

6. In an automatic electric-generating sys-
tem, in combination, a battery, load-line cir-

cuits, an engine, a dynamo-e ectric machine.

for operation as a motor to crank the engine
and for operation as'a generator by ‘the en-
gine to charge the battery or suppl{r the load
or both, as desired, a relay for isolating the
battery from the system upon & decrease of
the voltage of the battery to 2 predetermined
minimum, and automatic-starting means for
the engine, and control relays controlled by
either of said starting means for establish-
ing a motor circuit for the dynamo to crank

the engine and for causing & varying chok- -

ing of the engine over a predetermined range
during a predetermined interval of the crank-
in% period. -

“In an automatic electric-generating sys-
tem, a battery, load-line circuits, an engine
having an ignition circuit, a dynamo-electric
machine for operation as a motor to crank
the engine and for operation as a generator
by the engine to supply energy to the system,
an electromagnetic engine choker, an auxili-
ary thermo- Tectric engine choker, & thermo-
electric protective engine-cranking device
responsive to the cranking current and to the
voltage of the system and designed to oper-
ate a predetermined time interval after be-
ing energized to interrupt the circuits of the
choking devices, the ignition circuit, the mo-
tor circuit of the
and the voltage-responsive
tective cranking device, thereby causing a
cessation of the cranking operation. = -

8. In-an automatic electric-generating sys-
tem of the demand-starter type having a bat-

tery, a dynamo, load-line circuits, an engine

and control circuits for the system, said con-
trol circuits including a thermo-electric time-

of the engine to a predetermined vaiue, and
a compound-wound relay having a current
coil- disposed to be connected in series with
the dynamo and a
connected across

voltage coil disposed to be -
the battery terminals, the

1,860,655

the cranking operation to connect the time-
limit devices in circuit relation with the bat-
tery and acts differentially to neutralize the
effect of the voltage coil when the dynamo
operates as a generator and at normal speed,
thereby disconnecting the time-limit devices
from the battery and acts to again connect the
time-limit protective devices in circuit with
the battery when the generator voltage is ab-
normally high. - '

In testimony whereof, I have hereunto sub-
scribed my name this 21st day of January

1930.
LEO C. FRANK.

dynamo-electric machine
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ampere turns of the series coil relative the

voltage coil being so chosen that the series
coil acts additively to the voltage coil during



