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This invention relates to electrical sys 
tems and apparatus and has particular rela 
tion to such systems and apparatus Com 
monly designated as isolated generating 
plants or “farm-lighting' plants. 
One object of the invention is to provide 

a system and apparatus of the above-indi 
cated character which shall involve certain 
new and advantageous protective features. 
Another object of the invention is to pro 

vide new and advantageous means for con 
trolling the normal operation of a System 
and apparatus of the character indicated, in 
cluding the provision of means whereby 
either automatic or non-automatic operation 
may be accommodated, as desired. 
Other objects and advantages of the in 

vention will appear from a consideration of 
the following detailed description in con 
junction with the accompanying drawings, 
in which: 

Figure 1 is a diagrammatic representation 
of certain apparatus and electrical circuit 
connections therefor, constituting a pre 
ferred embodiment of the invention; 

Fig. 2 is a detail view, partly in eleva 
tion and partly in section, of part of the 
apparatus shown in Fig. 1, this apparatus 
being shown enlarged in Fig. 2 over the 
showing of the same apparatus in Fig. 1: 

Fig. 3 is a simplified schematic diagram 
of the apparatus and circuit connections of 
the system shown in Fig. 1, including a 
change-over Switch arranged and connected 
to accommodate either automatic or non 
automatic operation of the system, as fully 
described hereinafter; 

Fig. 4 is a simplified schematic diagrai) 
of the same apparatus and circuit connec 
tions, with the above-mentioned change-over 

40 

45 

50. 

switch in a position to accommodate auto 
matic operation, all of the parts which are 
inoperative while said switch is in Such po 
sition being omitted; and 

Fig. 5 is a simplified schematic diagram 
of the same apparatus and circuit, connec 
tions when the change-over switch is in its 
non-automatic position, the parts which are 
inoperative while said switch is in such posi 
tion being omitted. - - 

Referring first to Fig. 1 of the drawings, 

1930. Serial No. 460,557. 

the system disclosed comprises an internal 
combustion engine diagrammatically shown 
at 11 as being connected to a shaft indicated 
at 12, to which the armature 13 of a direct 
current dynamo-electric machine is also con 
nected. The engine i1 is provided with a 
carburetor 14 to which liquid fuel may be 
supplied through a pipe or conduit 15 from 
any suitable source (not shown). Vapor 
ized fuel from the carburetor 14 is supplied 
through a connection including a throttle 
valve 16 or other suitable means for control 
ling the rate of fuel supply to the engine. 
The manner of regulating the degree of 
opening of the throttle valve 16 will be de 
scribed hereinafter. The engine 11 is also 
provided with a spark plug 17 and a timer 
18 which controls the energization of an ig 
nition device or spark coil 19 to provide 
proper ignition for the engine. 
The dynamo-electric machine which com 

prises the armature 13 also comprises a shunt 
field-magnet winding 20 and a series field 
magnet winding 21. This dynamo-electric 
inachine is adapted to operate both as a mo 
tor for starting the engine 11 and as a gen 
erator to be driven by said engine after the 
latter is started. When the dynamo-electric 
inachine is operating as a generator, it is 
adapted to supply electrical energy to a load 
circuit comprising conductors 22 and 23 and 
any desired energy-consuming devices 24 
which may be connected between said con 
ductors. A storage battery 25 is also adapted 
to supply energy to the load circuit when 
the dynamo-electric machine is not operat 
ing, and to receive energy from said dyna 
mo-electric machine when the latter is in 
operation. 
The apparatus for controlling the opera 

tion and circuit connections of the above-de 
scribed apparatus is advantageously mount 
ed in part. On each face of a panel board 
or the like, the front face of which is 
indicated at 26° and the rear face of which 
is indicated at 26. For convenience of ill 
lustration, the two faces of the panel board 
are both diagrammatically shown in front 
elevation and in laterally displaced relation 
to each other. On the rear face 26 of the 
panel board are mounted a plurality of elec 
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trical terminals 27, 28, 29, 30, 31, 32, 33, 34, 
35 and 36, to which conductors extending to 
the external apparatus of the system are con 
nected, as hereinafter described. 
The positive terminal of the armature 13 

is connected through a conductor 37 to the 
terminal 35, and the negative terminal of 
said armature is connected through a con 
ductor 38 to the terminal 32. The shunt 
field-magnet winding 20 of the dynamo-elec 
tric machine is connected through conduc 
tors 39 and 40 to the terminals 36 and 32, re 
spectively, while the series field-magnet 
winding 21 is connected through conductors 
41 and 42 to the terminals 36 and 33, respec 
tively. 
One terminal of the primary circuit of 

the ignition transformer or spark coil 19 is 
connected through a conductor 43 to the ter 
minal 34 on the back of the panel board, and 
the other terminal of said circuit is con 
nected through a conductor 44 to one termi 
nal of the timer 18, the other terminal of 
which is connected through a conductor 45 
to ground. One of the secondary or high 
voltage terminals of the ignition coil 19 is 
connected through a conductor 46 to the 
spark plug 17, while the other secondary 
terminal is directly connected to ground 
through a conductor 47. 
The load circuit conductors 22 and 23 are 

respectively connected to the terminals 28 
and 27, and the positive and negative termi 
nals of the battery 25 are respectively con 
nected to the terminals 30 and 31 through 
conductors 48 and 49. The terminals 27 and 
31 are connected together by a conductor 50 
and the terminals 27 and 32 are similarly 
connected together by a conductor 51. The 
terminal 32 is also connected to ground 
through a conductor 52. Thus it will appear 
that the terminals 27, 31 and 32 are all per 
manently maintained at ground potential. 
An alarm device 53, the purpose of which 

is set forth hereinafter, is connected through 
conductors 54 and 55 to the terminals 27 and 
29, respectively. 
An electrical heating coil 56 is preferably 

located in the fuel intake connection of the 
engine 11. One terminal of this coil is con 
nected through a conductor 57 to a point of 
connection 58 with certain other circuits lo 
cated on the rear of the panel board, as here 
inafter described. The other terminal of 
the heating coil 56 is connected through a 
conductor 59 to ground. 
The remaining parts of the system are pro 

vided for controlling the operation and cir 
cuit connections of the apparatus already de 
scribed, and are located on the two faces 26 
and 26 of the panel board. These parts 
will now be described. 
A control relay generally designated by 

the reference character 60 comprises two 
series-connected coil portions 60 and 60, a 
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magnetizable core member 60 disposed with 
in said coil portions, and a plurality of con 
tact members 60, 60, 60 and 60s. The con 
tact members 60 and 60' are fixed contact 
members and are respectively adapted to be 
engaged by the contact members 60° and 60, 
which latter are electrically and mechani 
cally connected to the core member 60° to 
be movable therewith under the influence of 
the coil portions 60 and 60. The movable 
parts of the control relay 60 are preferably 
also adapted for manual actuation by means 
of a handle 60 which is mechanically con 
nected to said parts, as shown, but electri 
cally insulated therefrom, as indicated at 
60. 
A starting Switch generally designated by 

the reference character 61 comprises two 
magnet coils 61 and 61, a magnetizable core 
member 61 located within said coils, and 
a plurality of contact members 61, 61e, 61 
and 615. The contact members 61 and 61 
are fixed contact members and are respec 
tively adapted to be engaged by the contact 
members 61 and 615, which latter are me 
chanically and electrically connected to the 
core member 61°. 
A governor or controlling device for the 

throttle valve 16, controlling the rate of fuel 
supply to the engine 11, is generally desig 
nated at 62 and comprises two magnet coils 
62 and 62 and a magnetizable core mem 
ber 62, the position of which is controlled 
by the energization of the coils 62 and 62. 
This core member 62 is connected to the 
throttle valve 16, or other fuel supply rate 
controlling means, through any suitable 
linkage or other connection which is dia 
grammatically indicated by the broken line 
63. The valve 16, or its equivalent, is biased. 
toward open, or maximum fuel-supply rate, 
position, by any suitable means, such as a 
spring 64. 
A safety device, the function of which is 

described hereinafter, is designated gener 
ally by the reference character 65. The es 
sential elements of this safety device are a 
bimetallic or other thermostatic member 
65, which also constitutes a contact mem 
ber, an electrical heating element 659 for 
said thermostatic member, a movable contact 
member 65°, another movable contact mem 
ber 65 which is of composite formation and 
is carried by the movable contact member 
65 in electrically-insulated relation thereto, 
and contact members 65 and 65 which are 
selectively engageable by the movable con 
tact member 65. The other parts of the 
safety device 65 and the details of construc 
tion of said device are better shown in Fig. 2 
and will be described in connection with said 
figure hereinafter. 
The front face 26 of the panel board car 

ries an ammeter 66, a line fuse 67, a change 
over switch 68 and a battery fuse 69. The 
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change-over Switch 68 is shown as a knife 
switch of the double-pole, double-throw type 
comprising two blade-supporting terminals 
70 and 71, two blades 72 and 73 respectively 
supported by the terminals 70 and 71, two 
contact jaws 74 and 75 adapted to be selec 
tively engaged by the blade 72 and two coin 
tact jaws 76 and 77 adapted to be selectively 
engaged by the blade 73. 
The electrical circuit connections between 

the various elements of the apparatus carried 
on the two faces of the panel board will now 
be described. The outside terminal of the 
coil portion 60 of the control relay 60 is 
connected through a conductor 78 to a point 
of connection 79 with a conductor S0 which 
extends from One terminal of the coil 62 of 
the governor 62 to the contact jaw 76 of the 
change-over switch 68. The common termi 
nal or junction point of the two coil poi 
tions 60 and 60° of the control relay 60 is 
connected through a conductor 81 to the con 
tact 60 of said control relay. The Outside 
terminal of the coil portion 60 is connected 
through a conductor 82 to the contact jaw 
of the change-over switch 68. The fixed con 
tact 60 of the control relay is connected 
through a conductor 83 to one terminal of 
the coil 61b of the starting switch 61. The 
innovable contacts 60 and 60s of the control 
relay are both electrically connected with 
the core member 60° of said relay, which 
core member is connected through a coin 
ductor 84 to a terminal post 85 which is 
electrically connected to the thermostatic 
member 65 of the safety device 65, as will 
appear more clearly hereinafter. 
One terminal of the coil 61 of the starting 

switch 61 is connected through a conductor 
86 to the terminal 27, while the other termi 
nal of said coil is connected through a con 
ductor 87 to One terminal of the coil 62 of 
the governor 62. The terminal of the coil 
61 of the starting switch, other than the 
terminal to which the conductoi S3 extends 
as above stated, is connected through a con 
ductor 88 to the terminal 36. The fixed coin 
tact 61 is connected through a conductor 89 
to the terminal 33, and the other fixed con 
tact 61 of the starting switch is connected 
through a conductor 90 to the blade-support 
ing terminal 70 of the change-over switch 68. 
The two movable contact members 61 and 
615 of the starting switch are both in direct 
electrical connection with the core member 
1 of said switch, which core member is con 

nected through a conductor 91 to one terani 
nal of the electrical heating eiement 65 oil 
the safety device 65. This conductor 91 
cludes the point of connection 58 to 
the conductor 57 extends, as previously de 
scribed. 
The terminal of the coil 62 of the gover 

nor 62, other than the terminal to which the 
conductor 80 extends as previously stated, 

which ...ws 

is connected through a conductor 92 to the 
contact jaw 75 of the change-over Switch 68. 
The terminal of the coil 62), other than that 
to which the conductor 87 extends, is con 
nected through a conductor 93 to the termi 
nai 34, which, as will appear hereinafter, is 
in direct electical connection with the con 
tact member 65° of the safety device 65. 
The terminal of the electrical heating ele 

ment, 65 of the safety device 65, other than 
the terminal to which the conductor 91 ex 
tends, is connected through a conductor 94 
to the terminal 32 on the rear face of the 
panel board. The contact member 65 of 
the Safety device 65 is connected through a 
flexible conductor 95 to the terminal 36 on 
the rear face of the panel board, and the 
contact member 65° is in direct electrical 
connection with the terminal 35, as will ap 
pear more fully in connection with the de 
scription of Fig. 2 hereinafter. The other 
fixed contact member 65 of the safety de 
vice 65 is connected through a conductor 96 
to the terminal 29. 
A conductor 97 extends from the terminal 

28 on the rear face 26 of the panel board to 
one terminal of the line fuse 67, the other 
teinihal of which is connected through a 
conductor 98 to the blade-supporting ter 
Rinal 70 of the changeover switch 68. A 
conductor 99 extends from the terminal 30 
On the rear face of the panel board to one 
terminal of the battery fuse 69, the other 
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terminal of which is connected through a 
conductor 100, the ainmeter 66 and a con 
ductor 101 to the contact jaw 74 of the switch 
68. The blade-supporting terminal 71 of 
the Switch 68 is connected to the contact 
jaw 74 of said switch through a conductor 
102. 

Referring now to Fig. 2 for a more de 
tailed description of the safety device 65, it 
will be seen that the bimetallic or other ther 
mostatic element 65° is secured at its left 
hand end to a conducting bracket member 
103 which also carries the terminal 85, so 
that the conductor 84, which is connected to 
said terminal 85, is indirect, electrical con 
inection with the thermostatic member 65a. 
When the Safety device 65 is in its normal 

condition, as illustrated in the drawings, the 
light-hand end of the thermostatic member 
65" innakes electrical and mechanical contact 
with the lower extremity of the contact mem 
er 65°. This contact member 65° is pivotal 

ly mounted on a pin 104 and is so biased by 
a toi'sion Spring 105 that it tends to rotate 
in a clockwise direction about said pin. 
Such rotation is normally prevented by the 
mechanical engagement of the lower ex 
tremity of the contact member 65 by the 
right-hand extremity of the thermostatic 
member 65, but if the temperature of said 
thermostatic member exceeds a prede 
termined maximum value by reason of an 
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excessively prolonged energization of the 
electrical heating element 65°, the free right 
hand extremity of said thermostatic mem 
ber is deflected downwardly a sufficient dis 
tance to disengage the contact member 65°, 
thereby permitting the spring 105 to impart 
a limited degree of clockwise rotation to the 
contact member 65°. The electrical circuit 
connection between the members 65 and 65c 

10 is broken by this action for a purpose which 
will appear hereinafter. 
For the purpose of permitting adjustment 

of the time interval required for operation 
of the safety device 65, the pivot pin 104 
which carries the contact member 65° is 
mounted on an adjustable conducting men 
ber 106 which is pivoted at its left-hand end 
on the terminal post 34, to which the con 
ductors 43 and 93 are connected. Since the 

20 adjustable member 106 and the pivot pin 
104 are of metal or other suitable electrical 
conducting material it will be seen that the 
conductors 43 and 93 are permanently elec 
trically connected to the contact member 65°. 
The right-hand extremity of the adjustable 
member 106 is slotted, as indicated at 106", 
to accommodate a securing screw 107 which 
may be tightened to press the said extrem 
ity of the member 106 firmly against the 

80 rear face 26 of the panel board. When this 
screw is loosened the adjustable member 106 
may be moved to a limited extent about the 
pivot provided by the terminal post 34 to 
raise or lower the contact member 65° and 

8 thereby to vary the distance which the ther 
mostatic member 65 must move from its 
normal position before disengaging the low 
er extremity of said contact member 65°. 
When the desired adjustment is made the 

0 member 106 is firmly secured in position by 
tightening the screw 107. 
The composite contact member 65 of the 

safety device 65 comprises a metallic or 
other suitable conducting strip 108 and a 
pin or rivet 109 having a shank portion 109 
extending through a hole in the strip 108 in 
relatively close fitting relation thereto and 
through a hole of larger diameter in the 
contact member 65°, a head portion 109 
overlying the edges of said hole in the strip 
108 in electrical contact therewith, and a 
contacting portion 109 which is adapted to 
move into contact with the fixed contact 
member 65 when the contact member 65° is 
disengaged by the thermostatic member 65. 
The contact member 65° and the conducting 
strip 108 of the contact member 65 are sep 
arated by a strip 110 of insulating material, 
and the shank and contact face portions 109 

0 and 109 of the contact member 65 are in 
sulated from the contact member 65 by a 
flanged insulating bushing 111. 
A screw 112 also extends through holes 

in the contact member 65° and the strip por 
5 tion 108 of the contact member 65 in elec 

trically connected to the terminal 

trical contact with the latter. This screw 
is insulated from the contact member 65° by 
means of a flanged insulating bushing 113. 
The shank of the screw 112 also extends 
through a hole in a conductor terminal 114 
which is firmly secured in electrical contact 
with the strip portion 108 of the contact 
member 65' by means of a lock washer 115 
and a nut 116 cooperating with the thread 
ed end of the screw 112. This terminal 
member 114 is connected to one end of the 
flexible conductor 95, the other end of which 
is connected to the terminal post 36. Thus 
the contact member 65 is permanently elec 

ost 36, 
but is permitted to move to a limited extent 
with respect to said terminal post by reason 
of the flexibility of the conductor 95. 
The contact member 65 consists of a 

headed pin 117, the shank of which extends 
in freely slidable relation through a suit 
able hole in an upstanding portion 118 of 
a fixed bracket member 119 of suitable metal 
or other electrical conducting material. A 
coil compression spring 120 coacts between 
the head portion of the pin 117 and the 
bracket portion 118 to permit said pin to be 
moved slightly to the right, as viewed in 
Fig. 2, against the resilient action of said 
spring. This construction is utilized to in 
sure perfect contact between the contact 
members 65 and 65° and to accommodate 
slight variations in the normal position of 
the contact member 65 dependent upon the 
action of the thermostatic member 65. 
The right-hand end portion of the pin 117 

is screw-threaded to receive two nuts 121 and 
122, between which is clamped a conductor 
terminal 123. This terminal is connected to 
one end of a flexible conductor 124, the other 
end of which is connected to the terminal 
post 35, thereby placing the contact member 
65 in permanent electrical connection with 
the conductor 37, which is also connected to 
said terminal post. The flexibility of the 
conductor 124 accommodates the slight move 
ments of the contact members 65° and per 
mits said contact member to move slightly 
to the left when the contact members 65 
and 65 are similarly moved upon the form 
er being disengaged by the thermostatic 
member 65. The position of the nuts 121 
and 122 may be varied, as desired, to secure 
the proper extreme left-hand position of 
the contact member 65°. 

It will be understood, of course, that the 
panel board, on the rear face 26 of which 
the safety device 65 and other parts of the 
apparatus are mounted, is made of suitable 
insulating material. It will also be noted 
that the various conductors of the system are 
illustrated in Fig. 2 as being insulated in 
the conventional manner. 
The structural details and arrangement 

and circuit connections of the various parts. 
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of the apparatus embodying the invention 
have now been described insufficient detail 
to proceed with a description of the mode 
of operation of the system, for which pur 
pose the simplified schematic diagrams of 
Figs. 3, 4 and 5 will be found to be of mate 
rial assistance. Fig. 3 illustrates, in simpli 
fied form, all of the circuit connections of 
the system as shown in Fig. 1, while Figs. 4 
and 5 illustrate the connections existing 
when the change-over switch 68 occupies its 
right-hand and left-hand positions, respec 

in the latter two figures the Switch 
68 itself and all of the parts of the apparatus 
which are inoperative while said Switch oc 
cupies the position respectively assumed in 
each case, are omitted for the purposes of 
clarity of illustration and description, 

In this connection it may be explained 
that the change-over switch 68 is utilized 
to accommodate either automatic or non 
automatic operation of the system in a man 
ner which is fully described hereinafter. 
This switch is shown in its right-hand posi 
tion in Fig. 1, which is the position accom 
modating automatic operation of the sys 
tem. The circuit connections illustrated 
schematically in Fig. 4 are those existing 
when the switch is in such automatic posi 
tion, while those illustrated in Fig. 5 are 
the connections existing when the Switch 68 
occupies its left-hand or non-automatic po 
sition. It will be understood that all of 
the following description of Operation of 
the system is applicable to, and understand 
able by reference to, the circuit connections 
shown in Fig. 1, and that Figs. 3, 4 and 
5 are included and referred to herein merely 
for the purpose of providing a simpler and 
more readily understandable illustration of 
the invention. 
Assuming the change-over switch 68 to be 

in its right-hand or automatic position, as il 
lustrated in Fig. 1, the system is adapted 
to function so that the dynamo-electric ma 
chine will be operated as a motor by energy 
supplied by the storage battery 25, for the 
purpose of cranking the internal combus 
tion engine 11. When the engine 11 is auto 
matically started in this manner the dyna 
no-electric machine is driven thereby as a 
generator to supply energy to the load cir 
cuit and also to the battery 25. 
This automatic starting operation is in 

itiated by connecting a lamp or other 
energy-consuming device 24 across the con 
ductors 22 and 23 of the load circuit. Such 
connection completes a circuit from the posi 
tive terminal of the battery 25 through the 
conductor 48, terminal 30, conductor 99, fuse 
69, conductor 100, ammeter 66, conductors 
101 and 102, contact 71, blade 73 and con 
tact, 77 of the switch 68. conductor 82, coil 
portions 60 and 60° of the control relay 60, 
conductors 78 and 80, coil 62 of the gover 

5 

nor 62, conductor 92, contact 75, blade 72 
and contact 70 of the switch 68, conductor 
98, fuse 67, conductor 97, terminal 28, con 
ductor 22, load 24, conductor 23, terminal 
27, conductor 50, terminal 31 and conductor 
49 to the negative terminal of the battery. 
The current flowing in this circuit energizes 
the two coil portions of the control relay 60 
sufficiently to cause the core member 60° of 
this relay to be raised and to effect engage 
ment between the contacts 60', 60° and 60', 
605, respectively. . 
The closing of these contacts completes a 

circuit which branches off from the above 
described circuit at the common terminal or 
junction point of the coils 60 and 60 of 
the control relay. This circuit branch com 
prises the conductor 81 and extends through 
the contacts 60? and 605 of the control relay 
to the core member 60° of said relay. From 
this point two parallel paths are established, 
One of which extends through the contacts 
60° and 60 of the control relay, conductor 
83, coil 61 of the starting switch, conductor 
88, terminal 36, conductor 95, contacts 65 
and 65 of the safety device 65, conductor 
124, terminal 35, conductor 37, armature 13 
of the dynamo-electric machine, conductor 
38, terminal 32, conductor 51, terminal 27, 
conductor 50, terminal 31 and conductor 49 
to the negative terminal of the battery. 

In this first parallel circuit branch the 
shunt field winding 20 of the dynamo-elec 
tric machine is connected in parallel rela 
tion to the armature 13 of said machine and 
the contacts 65 and 65 of the safety de 
vice 65, which armature and contacts are 
connected in series relation to each other. 
This parallel connection of the shunt field 
winding 20 is completed by means of the 
conductor 39 extending from one terminal 
of said shunt field winding to the terminal 
36, and the conductor 40 extending from the 
other terminal of said field winding to the 
terminal 32. 
The other one of the two parallel circuit 

branches extending from the core member 
60° of the control relay 60 comprises the 
conductor 84, terminal 85, thermostatic mem 
ber 65° and contact member 65 of the safety 
device 65, and the terminal 34, from which 
terminal the circuit again divided into two 
parallel branches, one of which includes the 
conductor 43, the primary winding of the 
ignition coil 19, conductor 44, timer 18 and 
conductor 45 to ground. The other one of 
the two last-metnioned parallel circuit 
branches extending from the terminal 34 
comprises the conductor 93, coil 62 of the 
governor 62, conductor 87, coil 61 of the 
starting switch 61, and conductor 86, which 
is connected through the terminal 27 to the 
negative terminal of the battery 25. 
The coil 61 of the starting switch is con 

nected in parallel circuit relation with the 
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battery 25 in the last-mentioned circuit 
branch and is, consequently, energized from 
the battery. The coil 61 of said starting 
switch is also energized by current flowing 
through said coil and the armature 13 and 
shunt field winding 20 of the dynamo-elec 
tric machine in the first above-mentioned 
circuit branch. As a result of the combined 
energization of the coils 61 and 61 of the 
starting switch 61, the core member 61 of 
said starting switch is raised to effect en 
gagement between the contacts 61, 61 and 
61, 61, respectively. 
By reason of the closing of these contacts 

a circuit is completed from the positive ter 
minal of the battery through the same ele 
ments enumerated above in the initial start 
ing circuit up to the terminal 70 of the 
change-over switch 68. From this point the 
circuit established by the starting switch 
61 extends through the conductor 90, con 
tacts 61' and 61s of said starting switch to 
the core member 61 of said switch, from 
which point the circuit divides into two 
parallel paths. The first of these paths ex 
tends through the contacts 61' and 61 of 
the starting switch, conductor 89, terminal 
33, conductor 42, series field winding 21 and 
conductor 41 to the terminal 36, from which 
latter terminal the circuit may be traced 
back to the negative terminal of the battery 
as described in connection with the first cir 
cuit branch established by the closing of the 
contacts of the control relay 60, above. 
The other one of the two parallel paths 

from the core member 61 of the starting 
switch comprises the conductor 91, electri 
cal heating element 65 of the safety device 
65 and conductor 94 to the terminal 32, from 
which terminal the circuit is completed to 
the negative terminal of the battery 25 as 
above described. The conductor 91 of this 
last-mentioned parallel path includes the 
junction point 58, from which the conductor 
57 extends to the electrical heating element 
56 for heating the fuel inixture supplied 
from the carburetor 14 to the engine 11. The 
other terminal of this heating element 56 is 
connected to ground through the conductor 
59, so that said heating element is perma 
nently connected in direct parallel relation 
to the electrical heating element 65 of the 
safety device 65, and is energized concur 
rently therewith. 
The completion of the circuit from the 

battery 25 through the dynamo-electric ma 
chine, including the series field winding 21 
thereof, causes said machine to develop suf 
ficient torque to crank the engine 11. The 
ignition circuit of the engine has already 
been completed through the primary coil 
of the ignition device 19 and the timer 18, 
by reason of the closing of the contacts 
of the control relay 60, as above described. 
Therefore, a spark is produced between the 

points of the spark plug 17 at proper in 
tervals during the cranking period of the 
engine and the engine will normally start 
within a few seconds. 

It will be noted from the foregoing that 
the starting current from the battery to the 
armature of the dynamo-electric means 
flows through two parallel paths. One path 
is through the coil portion 60 of the device 
60 and the coil portion 61 of the device 61. 
The other path is through both of the coil 
portions 60 and 60 in series, the winding 
62 of the governing device 62, the contacts 
of the device 61, and the series field coil 
21. The proportionate resistance of each 
of these circuit paths is such that a sufficient 
proportion of the initial starting current 
passes through the series field coil 21 to start 
the cranking of the engine. It has been 
found in actual practice that after this in 
itial current surge has taken place, the shunt 
field strength is sufficient to keep the engine 
turning over until it begins to run, even 
where the series field current decreases to a 
very low value or to zero. 
As soon as the engine 11 starts to run un 

der its own power, the driving relation be 
tween the engine and the dynamo-electric 
machine is reversed so that the latter is 
driven as a generator. Accordingly, the di 
rection of current flow between the dynamo 
electric machine and the battery 25 is re 
versed, which causes a reversal of energiza 
tion of the coil 61 of the starting switch 61. 
The current initially flowing from the bat 
tery to the dynamo-electric machine through 
the coil 61 energized this coil in such direc 
tion that it assisted the coil 61 in closing 
the contacts of the starting switch, but upon 
reversal of current flow through the coil 
61 these two coils oppose each other and 
cause the contacts of the starting switch to 
be opened. 
The opening of the contacts 61' and 615 

disconnects the series field winding 21, the 
electrical heating element 65 of the safety 
device 65 and the fuel intake heater 56 from 
the battery circuit, while the opening of the 
contacts 61 and 61 disconnects the series 
field winding 21 from the said two heating 
elements. Accordingly, said heating ele 
ments, as well as the series field winding 21, 
are completely disconnected from circuit and 
do not function further during the continued 
normal operation of the system. 
The current supplied by the dynamo-elec 

tric machine when the latter begins to op 
erate as a generator flows in part to the load 
circuit and in part to the battery 25 to re 
charge the latter. This current is supplied 
through the conductor 81 which is connect 
ed to the circuit including the battery and 
the load at the junction point of the two 
coil portions 60 and 60 of the control relay 
60. From this point the current supplied 
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to the load circuit flows through the coil 
60, conductor 78, and other elements of the 
circuit in the same manner as the current 
supplied by the battery to the load over 
the initial starting circuit. It will be noted 
that the negative terminal of the battery 25 
and the negative terminal of the dynamo 
electric machine are permanently connected 
together, so that the return circuit from the 
load to the generator corresponds to the re 
turn circuit from the load to the battery. 
Thus, during the normal operation of the 
system, the load 24 is supplied with energy 
from the dynamo-electric machine acting 
as a generator as long as there is any de 
mand for energy on the load circuit. 
The current flowing from the generator 

to the load as above described traverses the 
coil portion 60 of the control relay in the 
same direction as the current supplied by 
the battery through the initial starting cil'- 
cuits, so that the direction of energization of 
this coil portion is unchanged. The current 
flow from the conductor 81 to the positive tes'- 
minal of the battery, however, is reversed 
in direction when the dynamo-electric ma 
chine begins to operate as a generator, and 
this current serves to recharge the battery 
25 at a rate determined by the degree of 
charge of said battery and the voltage of 
the generator. The charging circuit extends 
through the conductor 81 to the common ter 
minal or junction point of the coil portions 
60 and 60° of the control relay 60, from 
which junction point the circuit may be 
traced through the same elements included 
between the positive terminal of the battery 
and said junction point in the initial start 
ing circuits, but in a reversed direction with 
respect thereto. The negative terminal of 
the battery 25 being permanently connected 
to the negative terminal of the dynamo-elec 
tric machine as above noted, the return por 
tion of the charging circuit is readily traced 
through the conductors 49, 50, 51 and 38. 

Since the current flow through the coil 
portion 60 of the control relay is reversed 
when the dynamo-electric machine begins to 
operate as a generator, this coil portion no 
longer assists the coil portion 60 of said 
control relay in maintaining the contacts 
of said relay in closed position, but the op 
posing action of the coil portion 60' is in 
Sufficient to permit said contacts to be 
opened. The purpose in providing a cir 
cuit connection in which the energization 
of part of the control relay coil is reversed 
under the circumstances described, is to in 
sure against this relay being held closed 
by permanent magnetization after the cir 
rent through the coil portion 60 falls to 
Zero. For this purpose it will be understood 
that the coil portion 60 may constitute only 
a relatively small number of turns as coin 
pared with the coil portion 60°. 

7 

When the demand for energy supplied 
by the dynamo-electric machine, operating 
as a generator, falls to Substantially Zero, 
the energization of the operating coil of this 
relay is so reduced that the relay core mem 
ber 60 fallis by the action of gravity or of 
a suitable spring, if desired, so that the con 
tacts 60, 60° and 60', 608 are opened, this 
completely disconnecting the dynamo-elec 
tric machine from the battery and load cir 
cuits, and also disconnecting the ignition 
circuit from both the dynamo-electric ma 
chine and the battery, so that the ignition 
coil 19 can no longer be energized from 
either of these sources. Accordingly, the en 
gine 11 and the dynamo-electric machine 
come to rest and will so remain until the 
above-described cycle of operations is re 
peated by reason of a renewed demand for 
energy on the oad circuit. 
As previously explained, the throttle valve 

16 is biased toward open position by the 
::pring 64 or other suitable means, so that 
the said throttle valve is in its full open po 
sition when the plant is not in operation. 
The biasing action of the spiring 64 or its 
equivalent is opposed by the coil 62 of the 
governor 62, which, as above described, is 
connected in series with the coil 61 of the 
starting switch 61 in a circuit that is con 
nected in parallel relation with the battery 
and dynamo-electric machine during the 
starting and running periods of the latter. 

Thus, during the starting operation the 
reduction of the battery voltage due to the 
relatively heavy starting load energizes the 
coil 62 to a degree that is less than normal, 
so that the throttle-closing tendency of said 
coil is reduced and the throttle is given a 
relatively high degree of opening to facili 
tate starting of the engine. This action is 
supplemented by the coil 62 which opposes 
the action of the coil 62 and which is ener 
gized to an abnormally high degree during 
the starting period by reason of its connec 
tion in the series circuit between the battery 
25 and the starting series field winding 21. 
Thus, the coils 62 and 62 are both affected 
during the starting period to produce a large 
throttle opening, as desired. 
Prompt starting of the engine is also fa 

cilitated by the use of the heating coil 56 
which heats the fuel mixture entering the 
engine during the starting period and in 
sures complete vaporization of such mixture. 
Such auxiliary heating is not required after 
the engine starts to operate under its own 
power, as it then rapidly attains its proper 
operating temperature so that the fuel will 
be automatically received by the engine in 
prope' condition. It is for this reason that 
the heating coil 56 is connected in parallel 
relation to the heating element 65 of the safe 
ty device 65 to be disconnected from circuit 
upon the termination of the starting period, 
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as indicated by the opening of the contacts 
of the starting switch 61. Thus, the heat 
ing coil 56 is automatically connected in cir 
cuit to perform its function during the pe 
riod when it is needed, and is automatically 
cut out of circuit at all other times. 
During the normal running period of the 

plant the energization of the governor coil 
62 is increased whenever the generator volt 
age rises above normal, to effect a decrease 
in the degree of throttle opening, and vice 
versa. The sluggish action which may re 
sult in a governing device using only a 
shunt coil such as the coil 62 is overcome in 
the present system by the opposing series 
coil 62, which tends to increase the throttle 
opening with increases in load, and vice 
versa, since said coil 62 is connected in se 
ries with the load circuit. 
As above stated, the engine 11 will nor 

mally start after a relatively short period of 
cranking by the dynamo-electric machine 
which acts during this period as a compound 
wound motor supplied with energy from the 
storage battery 25. In the event that the en 
gine does not start promptly, however, it is 
desirable to have it automatically disconnect 
ed from the battery 25 to prevent the latter 
from being drained of energy to an excessive 
extent. This automatic disconnection is ac 
complished by the safety device 65, the elec 
trical heating element 65 of which is ener 
gized during, and only during, the starting 
period. 
In the event that the engine is not started 

within the maximum allowable cranking pe 
riod, the heating element 65 will increase 
the temperature of the thermostatic element 
65 to such a degree that the right-hand ex 
tremity of said thermostatic element is de 
flected downwardly to a sufficient extent to 
disengage the pivotally mounted contact 
member 65°. The disengagement of the 
members 65 and 65° interrupts the circuit 
connection between the conductor 84 and the 
conductors 43 and 93, thereby deenergizing 
the ignition circuit of the engine and the 
circuit including the coil 61 of the starting 
switch and the coil 62 of the governor 62. 
The disengagement of the member 65 by 

the thermostatic member 65 permits the 
former to be rotated to a slight degree in a 
clockwise direction by reason of the action 
of the coil torsion spring 105, whereby the 
strip portion 108 of the contact member 65 
is moved to the left, away from the contact 
nortion 117 of the contact member 65 (see 
Fig.2). The contact member 65° also moves 
slightly to the left under the influence of the 
compression spring 120 when the contact 
member 65° is thus released, but the extent 
of such movement is limited by engagement 
of the nut 121 with the upstanding portion 
118 of the bracket 119, to a smaller value 
than the movement of the contact member 
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65, whereby the circuit connection between 
the contact members 65 and 65 is broken. 
This disconnects the positive terminal of 
the armature 13 of the dynamo-electric ma 
chine from the remainder of the system and 
prevents any further supply of energy from 
the battery to said armature. The desired 
protective feature is thus accomplished. 

It is also desirable that a signal or alarm 
be given to attract the attention of persons 
having charge of the plant in case the en 
gine fails to start after a predetermined 
period of cranking, thus permitting the trou 
ble which caused such failure to be remedied 
without delay. It is for this reason that the 
signal or alarm 53 of the present system 
has been provided. This device 53, which 
may be either a bell, a lamp or other suit 
able device located in a proper position to 
attract the attention of the person in charge 
of the plant, is brought into operation by 
the above-described action of the safety de 
vice 65. 
This device 53 is connected in parallel re 

lation to the dynamo-electric machine by the 
conductor 95, contacts 65 and 65 the 
safety device 65, conductor 96, terminal 29, 
and conductors 55 and 54. The conductor 
54 is connected to the terminal 27 which is 
permanently connected with one side of the 
dynamo-electric machine, while the conduc 
tor 95 extends to the terminal 36 which is 
similarly connected to the other terminal of 
the dynamo-electric machine. The latter 
terminal is located outside the contacts 65 
and 65 of the safety device 65, with re 
spect to the armature 13, so that the circuit 
of the signal or alarm device 53 is not bro 
ken by the separation of said contacts. 
When the safety device 65 functions to 

interrupt the cranking circuit as above de 
scribed, the clockwise rotation of the mem 
ber 65° of said device brings the contact por 
tion 109 of the contact member 65 into con 
tact with the contact member 65, thereby 
connecting the device 53 in circuit to be en 
ergized from the battery 25. The device 53 
is thus energized to attract the attention of 
the person in charge of the plant, so that 
the trouble or difficulty causing the failure 
of the engine to start within the maximum 
allowed time may be promptly remedied. 
When such remedy has been effected and the 
thermostatic element 65 has been allowed 
to cool sufficiently, the safety device 65 may 
be manually reset by moving the member 
65° thereof to the right and permitting it to 
be reengaged by the thermostatic member 
65°. The safety device is thus returned to 
its normal condition and normal automatic 
operation of the system may be resumed. 

It is during this manual resetting opera 
tion that the resilient mounting of the con 
tact member 65 is utilized, the purpose of 
such mounting being to permit a sufficient 
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movement of the member 65° to the right, as 
viewed in Fig. 2, that the thermostatic mem 
ber 65 may move into engagement there 
with by reason of its resilient nature. After 
the safety device is reset in this manner the 
contact member 65° is firmly pressed against 
the contact member 65 to maintain a solid 
circuit connection through said contact 
members. 

It will be seen that the maximum allow 
able cranking period may be varied, as de 
sired, between the limits of adjustment of 
the adjustable member 106, since if this 
member is moved downwardly the thermo 
static member 65 must be heated for a long 
er period to cause it to move the necessary 
additional distance before the contact mem 
ber 65° is disengaged and vice versa. 

It will be noted that the ammeter 66 is 
connected directly in series with the battery 
25 at all times and is traversed both by the 
initial load and starting currents supplied 
by the battery and by the charging current 
Supplied to the battery by the dynamo-elec 
tric machine when the latter is operating as 
a generator. This amneter may advanta 
geously be of the type indicating the values 
of current flowing in either direction by de 
flection of the pointer in opposite directions 
from a neutral central position. Thus, an 
attendant of inspector may read the values 
of both the current supplied by the battery 
and the charging current supplied to the 
battery. The fuse 69 is also connected di 
rectly in series with the battery for protec 
tion thereof against excessive current flow 
ing in either direction, while the fuse 67 is 
connected in series with the load circuit for 
protecting both the battery and the dynamo 
electric machine against excessive loads. 
The foregoing description of the auto 

matic operation of the system is applicable 
to both Figs. 3 and 4, as well as to Fig. 1 
reference being had to Fig. 2 for certain of 
the details of the safety device 65. In con 
nection with Fig. 4 it will be noted that ref 
erence characters are not applied to the con 
ductors and terminals, as it is believed that 
the circuits may be readily traced in the 
manner described by reason of the simpli 
fied showing thereof. The same statement 
applies to Fig. 5, which shows the circuits 
existing when the change-over switch is in 
its left-hand or non-automatic position. 
The operation of the system under the latter 
condition will now be described. 
When the Switch 68 is moved from its 

right-hand position to its left-hand posi 
tion, as viewed in Fig. 1, the blade 72 in 
terrupts the connection between the termi 
nal 70 and the contact jaw 75 and completes 
a circuit between said terminal 70 and the 
contact jaw 74. At the same time the blade 
73 interrupts the connection between the ter 
minal 71 and the contact jaw 77 and com 

pletes a circuit between said terminal 71 
and the contact jaw 76. The disengage 
ment of the jaw 77 by the blade 73 discon 
nects one terminal of the coil portion 60 of 
the control relay 60 from the remaining cir 
cuits of the system, and the disengagement 
of the jaw 75 by the blade 72 similarly dis 
connects the governor coil 62°. According 
ly, the coils 60° and 62 do not function dur 
ing the non-automatic operation of the sys 
ten and are not shown in Fig. 5 of the 
drawings. 
The closure of the circuit between the ter 

minal 70 and the jaw 74 completes a con 
nection from the positive terminal of the 
battery 25 through the fuse 69 and ammeter 
66 to the conductor 98, which is connected 
to the conductor 22 of the load circuit 
through the fuse 67. The negative terminal 
of the battery 25 remains permanently con 
nected to the conductor 23 of the load cir 
cuit, so that the battery is directly connected 
across the load circuit, as indicated in Fig. 5. 
The completion of a circuit between the ter 
minal 71 and the jaw 76 of the switch 68 
connects the control relay coil portion 60 
in series circuit, between the positive side of 
the battery 25 and the contacts of the control 
relay, through which connection is made to 
the dynamo-electric machine during the 
starting and running periods of the plant. 
The remaining connections of the system are 
the same as previously described. 
With the connections established in the 

manner last described it will be seen that the 
battery 25 will supply energy to the load 24 
at all times and up to any current value 
within the capacity of said battery and the 
blowout limits of the fuses 67 and 69. Such 
currents do not traverse the coils of the con 
trol relay and, therefore, the dynamo-elec 
tric machine will not be automatically 
brought into operation. If desired, how 
ever, such operation may be initiated by any 
one having charge of the plant by manually 
closing the contacts of the control relay 60, 
for which purpose the handle 60, or its 
equivalent, is provided, as hereinbefore ex 
plained. 
When the handle 60 is manipulated in 

this manner the starting circuits for causing 
the dynamo-electric machine to operate as a 
motor to crank the engine 11 are established 
in the same manner as when the system is 
arranged for automatic Operation; that is, 
the closing of the control relay contacts ef 
fects energization of both coils 61 and 61 
of the starting switch, whereupon the latter 
closes its two sets of contacts to connect the 
series field winding 21 of the dynamo-elec 
tric machine in series between the battery 
and the armature and shunt field winding of 
said machine. The dynamo-electric ma 
chine is then operated as a compound 
wound motor to crank the engine 11 as in the 
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case of automatic operation, and, since the 
ignition circuit is energized as before by the 
closing of the control relay contacts, the en 
gine will normally start in a relatively short 
time. If the engine fails to start within 
the maximum allowable cranking time the 
safety device 65 and the signal or alarm de 
vice 53 function as previously described. 
When the engine does start normally the 

reversal of current flow through the series 
coil 61 of the starting switch causes said 
switch to open its two sets of contacts to 
disconnect the series field winding 21 and 
the heating elements 65 and 56 from the 
circuit, as in the case of automatic opera 
tion. During this starting time it is neces 
sary to hold the handle 60h in the position 
which maintains the contacts of the con 
trol relay 60 closed, since these contacts 
would otherwise open, due to the reversal 
of current flow through the control relay 
coil portion 60 when the dynamo-electric 
machine ceases to operate as a motor and 
begins to operate as a generator. When 
such reversal has taken place, however, the 
current supplied from the generator to the 
battery and to the load circuit maintains 
energization of the coil portion 60 so that 
said coil portion holds the control relay con 
tacts closed. 
This condition continues as long as there 

is any demand for energy either by the load 
circuit or by the battery 25. That is, the 
dynamo-electric machine will continue to 
run as a generator even after all of the load 
24 is disconnected from the load circuit, un 
til the battery 25 is fully charged. When 
these conditions are satisfied the current 
traversing the coil portion 60 of the con 
trol relay is reduced substantially to zero, 
whereby the contacts of said relay are per 
mitted to open. The operation of the plant 
is then stopped in the same manner as when 
the system is arranged for automatic opera 
tion, but such operation will not be resumed 
until the contacts of the control relay 60 
are again manually closed as above de 
scribed, or until the change-over switch 68 is 
returned to its automatic position and there 
is a demand for energy on the load circuit. 
During the non-automatic operation of 

the plant the opening of the throttle valve 
16 is controlled by the shunt governor coil 
62 alone, as the series governor coil 62 has 
been disconnected from circuit. This mode 
of operation has been found to be satisfac 
tory when automatic starting of the plant 
is not desired. 
From the foregoing description it will be 

seen that the present invention provides an 
electrical generating and storage system 
which may be rendered either fully automat 
ic or non-automatic in operation, according 
to the desires of the persons in charge of the 

5 system. The system includes valuable pro 
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tective and controlling features which are 
arranged to function during both automatic 
and non-automatic operation, and the sys 
tem is in this manner and otherwise designed 
to give the maximum degree of satisfaction 
and safety in service. 
While only one specific embodiment of the 

invention has been shown and described 
herein, it will be readily apparent to those 
skilled in the art that various changes and 
modifications may be made in the details of 
construction and the arrangement and cir 
cuit connections of the apparatus without 
departing from the spirit and scope of the 
invention, as set forth in the appended 
claims. 
What is claimed as new and is desired to 

secure by Letters Patent, therefore, is: 
1. In an electrical system, in combination, 

a dynamo-electric machine, a prime mover 
connected thereto, a source of electrical en 
ergy, means for connecting said dynamo 
electric machine to said source of energy to 
operate the former as a motor for starting 
the prime mover, a load circuit adapted to 
receive energy from said source and from 
said dynamo-electric machine, a control re 
lay comprising two series-connected coil por 
tions connected between the source of energy 
and the load circuit, a starting circuit for 
said dynamo-electric machine including a 
series field winding therefor and a starting 
switch connected between said field windin 
and the point of connection between sai 
control relay coil circuit and said load cir 
cuit, and an operating coil for said start: 
ing switch connected between one terminal 
of said dynamo-electric machine and the 
junction of said control relay coil portions 
and in series with contacts of said control 
relay. 

2. In an electrical system, in combination, 
a dynamo-electric machine, a prime mover 
connected thereto, a source of electrical en 
ergy, means for connecting said dynamo 
electric machine to said source of energy to 
operate the former as a motor for starting 
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the prime mover, a load circuit adapted to 
receive energy from said source and from 
said dynamo-electric machine, a control re 
lay comprising two series-connected coil por 
tions connected between the source of en 
ergy and the load circuit, a starting circuit 
for said dynamo-electric machine including 
a series field winding therefor and a start 
ing switch connected between said field 
winding and the point of connection be 
tween said control relay coil circuit and said 
load circuit, an operating coil for said start 
ing switch connected between one terminal 
of said dynamo-electric machine and the 
junction of said control relay coil portions 
and in series with contacts of said control 
relay, and another operating coil for said 
starting switch connected in series with con 
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tacts of said control relay in a parallel cir 
cuit with said source of energy. 

3. In an electrical system, in combination, 
a dynamo-electric machine, a prime mover 
connected thereto, a source of electrical en 
ergy, means for connecting said dynamo 
electric machine to said source of energy 
to operate the former as a motor for starting 
the prime mover, a load circuit adapted to 
receive energy from said source and from 
said dynamo-electric machine, a control re 
lay comprising two series-connected coil por 
tions connected between the source of en 
ergy and the load circuit, a starting cir 
cuit for said dynamo-electric machine in 
cluding a series field winding therefor and 
a starting switch connected between said 
field winding and the point of connection 
between said control relay coil circuit and 
said load circuit, an operating coil for said 
starting switch connected between one ter 
minal of said dynamo-electric machine and 
the junction of said control relay coil por 
tions and in series with contacts of said 
control relay, and another operating coil 
for said starting switch connected in series 
with contacts of said control relay in a 
parallel circuit with said source of energy, 
said two operating coils for said starting 
switch being so wound that they assist in 
closing said starting switch and maintaining 
it closed during the starting period of the 
prime mover, but oppose each other to effect 
opening of said starting switch when said 
prime mover starts to operate under its own 
power and to drive said dynamo-electric ma 
chine. 

4. In an electrical system, in combination, 
a dynamo-electric machine, a prime mover 
connected thereto, a source of electrical en 
ergy, means for connecting said dynamo 
electric machine to said source of energy to 
operate the former as a motor for starting 
the prime mover, a load circuit adapted to 
receive energy from said source and from 
said dynamo-electric machine, a control re 
lay comprising two series-connected coil por 
tions connected between the source of en 
ergy and the load circuit, a starting circuit 
for said dynamo-electric machine including 
a series field winding therefor and a start 
ing switch connected between said field 
winding and the point of connection be 
tween said control relay coil circuit and said 
load circuit, an operating coil for said start 
ing switch connected between one terminal 
of said dynamo-electric machine and the 
junction of said control relay coil portions 
and in series with contacts of said control 
relay, and another operating coil for said 
starting switch connected in series with 
contacts of said control relay in a parallei 
circuit with said source of energy, said two 
operating coils for said starting switch be: 
ing so wound that they assist in closing said 

1. 

starting switch and maintaining it closed 
during the starting period of the prime 
mover, but oppose each other to effect open 
ing of Said starting switch due to reversal 
in the direction of current flow through said 
first-mentioned operating coil when said 
prime mover starts to operate under its own 
power and to drive said dynamo-electric 
machine. 

5. In an electrical system, in combination, 
a dynamo-electric machine, a prime mover 
connected thereto, a source of electrical en 
ergy, means for connecting said dynamo 
electric machine to said source of energy to 
Operate the former as a motor for starting 
the prime mover, a load circuit adapted to 
receive energy from said source and from 
said dynamo-electric machine, a control re 
lay comprising two series-connected coil por 
tions connected between the source of energy 
and the load circuit, and a change-over 
Switch selectively establishing connections 
for effecting automatic and non-automatic 
starting and operation of the dynamo-elec 
tric machine and prime mover, said change 
Over Switch, when moved from automatic to 
non-automatic position, removing said con 
trol relay coil portions from the circuit be 
tween the source of energy and the load cir 
cuit and connecting one of said coil portions 
in circuit between the dynamo-electric ima 
chine, on the one hand, and the source of 
energy and the load circuit on the other 
hand. 

6. In an electrical system, in combination, 
a dynamo-electric machine, a prime mover 
connected thereto, a source of electrical en 
ergy, means for connecting said dynamo 
electric machine to said source of energy to 
operate the former as a motor for starting 
the prime mover, a load circuit adapted to 
receive energy from said source and from 
said dynamo-electric machine, a control re 
lay comprising two series-connected coil por 
tions connected between the source of energy 
and the load circuit, and a change-over 
switch selectively establishing connections 
for effecting automatic and non-automatic 
starting and operation of the dynamo-elec 
tric machine and prime mover, said change 
over switch, when moved from automatic to 
non-automatic position, removing said con 
trol relay coil portions from the circuit be 
tween the source of energy and the load cir 
cuit and connecting said source of energy di 
rectly to said load circuit whereby the latter 
may receive energy from said source up to 
the capacity thereof without bringing said 
dynamo-electric machine into operation, said 
control relay being capable of manual op 
eration to effect starting and operation of 
said dynamo-electric machine and prime 
mover if, as and when desired. 

7. In an electrical system, in combination, 
a dynamo-electric machine, a prime mover 
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connected thereto, a source of electrical en 
ergy, means for connecting said dynamo 
electric machine to said source of energy to 
operate the former as a motor for starting 
the prime mover, a load circuit adapted to 
receive energy from said source and from 
said dynamo-electric machine, a control re 
lay comprising two series-connected coil por 
tions connected between the source of energy 
and the load circuit, and a change-over Switch 
selectively establishing connections for ef 
fecting automatic and non-automatic start 
ing and operation of the dynamo-electric 
machine and prime mover, said change-Over 
switch, when moved from automatic to non 
automatic position, removing said control 
relay coil portions from the circuit between 
the source of energy and the load circuit, 
connecting one of said coil portions in cir 
cuit between the dynamo-electric machine, 
on the one hand, and the source of energy 
and the load circuit on the other hand, and 
connecting said source of energy directly to 
said load circuit whereby the latter may re 
ceive energy from said source up to the ca 
pacity thereof without bringing said dy 
namo-electric machine into operation, said 
control relay being capable of manual op: 
eration to effect starting and operation of 
said dynamo-electric machine and prime 
mover if, as and when desired, said one of 
said coil portions serving to maintain said 
control relay in operative condition due to 
the traversal thereof by current supplied 
from the dynamo-electric machine to the 
load circuit and to the source of energy, 
whereby said dynamo-electric machine is 
maintained in operation so long as such cur: 
rent exceeds a predetermined value, or until 
said control relay is manually actuated out 
of operative condition. 

8. In an electrical system, in combina 
tion, a dynamo-electric machine, an internal 
combustion engine connected thereto, means 
for supplying fuel to said engine, means for 
controlling the rate of such fuel supply, a 
load circuit, a storage battery connected to 
said load circuit to supply energy thereto, 
means responsive to a demand for energy 
on said load circuit for causing said engine 
to drive said dynamo-electric machine as a 
generator to supply energy to said load cir 
cuit, a change-over switch for rendering said 
demand-responsive means inoperative but 
permitting said battery to continue supply 
ing energy to said load circuit, and a gover 
nor controlling the operation of said fuel 
Supply rate-controlling means, said gover 
nor comprising an electromagnetic device 
having an operating coil connected in a par 
allel circuit with said battery and dynamo 
electric machine when the latter is in opera 
tion, and another operating coil connected in 
series with said load circuit when said 
change-over switch is in automatic position 
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and cut out of circuit when said change 
over switch is in non-automatic position. 

9. In an electrical system, in combination, 
a dynamo-electric machine, an internal com 
bustion engine connected thereto, means for 
supplying fuel to said engine, means for con 
trolling the rate of such fuel supply, a load 
circuit, a storage battery connected to said 
load circuit to supply energy thereto, means 
responsive to a demand for energy on said 
load circuit for causing said engine to drive 
said dynamo-electric machine as a generator 
to supply energy to said load circuit, a 
change-over switch for rendering said de 
mand-responsive means inoperative but per 
mitting said battery to continue supplying 
energy to said load circuit, and a governor 
controlling the operation of said fuel sup 
ply rate-controlling means, said governor 
comprising an electromagnetic device having 
an operating coil connected in a parallel cir 
cuit with said battery and dynamo-electric 
machine when the latter is in operation, and 
another operating coil connected in series 
with said load circuit when said change-over 
switch is in automatic position and cut out 
of circuit when said change-over switch is 
in non-automatic position, said operatin 
coils being wound to act in opposition to eac 
other. 

10. In an electrical system, in combina 
tion, a dynamo-electric machine, an internal 
combustion engine connected thereto, means 
for supplying fuel to said engine, means for 
controlling the rate of such fuel supply, a 
load circuit, a storage battery connected to 
said load circuit to supply energy thereto, 
means responsive to a demand for energy 
on said load circuit for causing said engine 
to drive said dynamo-electric machine as a 
generator to supply energy to said load cir 
cuit, a change-over switch for rendering said 
demand-responsive means inoperative but 
permitting said battery to continue supply 
ing energy to said load circuit, and a gover 
nor controlling the operation of said fuel 
supply rate-controlling means, said gover 
nor comprising an electromagnetic device 
having an operating coil connected in a par 
allel circuit with said battery and dynamo 
electric machine when the latter is in opera 
tion, and another operating coil connected in 
series with said load circuit when said 
change-over switch is in automatic position 
and cut out of circuit when said change-over 
switch is in non-automatic position, said 
first-mentioned operating coil being so 
wound as to tend to decrease the rate of fuel 
Supply when energized, and said other oper 
ating coil being wound to oppose the action 
of said first-mentioned coil. 

11. In an electrical system, in combina 
tion, a dynamo-electric machine, an internal 
combustion engine connected thereto, means 
for supplying fuel to said engine, means for 
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controlling the rate of such fuel supply, a 
load circuit, a storage battery connected to 
said load circuit to supply energy thereto, 
means responsive to a demand for energy 
on said load circuit for causing said engine 
to drive said dynamo-electric machine as 
a generator to supply energy to said load 
circuit, a change-over switch for rendering 
said demand-responsive means inoperative 
but permitting said battery to continue Sup 
plying energy to said load circuit, and a 
governor controlling the operation of said 
fuel supply rate-controlling means, said gov 
ernor comprising an electromagnetic de 
vice having an operating coil connected in 
a parallel circuit with said battery and dy 
namo-electric machine when the latter is in 
operation, and another operating coil con 
nected in series with said load circuit when 
said change-over switch is in automatic po 
sition and cut out of circuit when said 
change-over switch is in non-automatic po 
sition, said fuel supply rate-controlling 
means being biased toward the maximum 
rate position thereof, said first-mentioned 
operating coil being so wound as to tend to 
decrease the rate of fuel supply when en 
ergized, and said other operating coil be 
ing wound to oppose the action of said first 
mentioned coil. 

12. A safety device for an electrical sys 
tem including a dynamo-electric machine, 
an internal combustion engine connected 
thereto, a source of electrical energy, and 
means for connecting said machine to said 
source to operate said machine as a motor 
for starting said engine, comprising a ther 
mostatic member, an electrical heating ele 
ment therefor energized by the operation of 
said connecting means, a movable member 
normally held in predetermined position by 
said thermostatic member and completing an 
electrical circuit therewith, a contact mem 
ber carried by said movable member in elec 
trically insulated relation thereto, a second 
contact member engaged by said first-men 
tioned contact member when said movable 
member is held in said predetermined posi 
tion by said thermostatic member, a third 
contact member, and biasing means for SO 
moving said movable member when the lat 
ter is disengaged by said thermostatic mem 
ber that said third contact member is engaged 
by said first-mentioned contact member, 
said thermostatic member disengaging said 
movable member when said electrical heat 
ing element is energized for a predetermined 
interval of time. 

13. A safety device for an electrical sys 
tem including a dynamo-electric machine, 
an internal combustion engine connected 
thereto, a source of electrical energy, and 
means for connecting said machine to said 
source to operate said machine as a motor 
for starting said engine, comprising a ther 
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mostatic member, an electrical heating ele 
ment therefor energized by the operation of 
said connecting means, a movable member 
normally held in predetermined position by 
said thermostatic member and completing an 
electrical circuit therewith to provide igni 
tion for said engine, a contact member car 
ried by said movable member in electrically 
insulated relation thereto, a second contact 
member engaged by said first-mentioned con 
tact member to complete the circuit connec 
tions of said dynamo-electric machine when 
said movable member is held in said prede 
termined position by said thermostatic mem 
ber, a third contact member, and biasing 
means for so moving said movable member 
when the latter is disengaged by said ther 
mostatic member that said third contact 
member is engaged by said first-mentioned 
contact member to complete an alarm cir 
cuit, said thermostatic member disengaging 
said movable member when said electrical 
heating element is energized for a prede 
termined interval of time. 

In Witness whereof, we have hereunto sub 
scribed our names. 

WLLIAM EDWARD RICHARD. 
WELLBY ALLEN BRACKETT. 
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