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UNITED STATES PATENT OFFICE 

This invention relates to regulators for use 
With motor driven electric generator units and 
has particular reference to electro-magnetic regul 
lators or governors for automatically regulating 
the Speed and torque of an internal combustion 
engine, or other prime mover driving a generator, 
in accordance with the current load on the gen 
erator. 
As is well known in the art, the voltage output 

of a constant speed shunt, series or compound 
generator Varies With the current load, except in 
the case of Special compound wound generators. 
This variation in voltage is very objectionable in 
many current Consuming Systems of which illuni 
nating Systems having a varying number of lamps 
in circuit are notable examples. 
One object of the present invention is to auto 

matically regulate the output, preferably the 
voltage, of an electric generator. 
A further object is to maintain the voltage out 

put of a generator constant for varying current 
loads on the generator. 
A further object of the invention is to provide 

a relatively large movement of a controlling ele 
ment of an electric regulator. 
A further object is to utilize the energy of a 

prime mover to assist in controlling the opera 
tion of the same. 
A further object of the invention is to reduce 

the force required to open a butterfly type fuel 
inlet valve of an internal combustion engine, 
When the engine is running. 
The accomplishment of the above and other ob 

jects of the invention Will be apparent from the 
following description read in conjunction with the 
accompanying drawing wherein: 

Fig. 1 is an elevational view of a motor driven 
generator unit embodying the present invention. 

Fig. 2 is a Sectional view through the electric 
regulator. 

Fig. 3 is a fragmentary view, partly in section, 
showing the fuel inlet valve of the engine and its 
various operating connections. 

Fig. 4 is a Sectional plan view taken along the 
line 4-4 of Fig. 3. 
This patent application is a division of our co 

pending application. Serial No. 170,436, filed 
October 22, 1937, for “Regulator'. 

Referring particularly to Fig. 1 the generator 
unit comprises an internal combustion engine 9, 
Which is shown in the illustration as a gasoline 
engine having a crankcase , a cylinder block 
2, a fuel inlet manifold 3, connected in the 

usual manner to the cylinders (not shown) in the 
cylinder block 2, a carburetor , and a tube or 

Conduit f5, forming part of the manifold 3 and 
interconnecting the carburetor 4 with the inlet 
Opening of the manifold 3. The crank. Shaft, 3 
of the engine is connected to the shaft of a 
Shunt Wound generator 8 through a coupling 9., 
AS Shown in Figs. 3 and 4, the fuel inlet Valve 

20 of the engine is of the butterfly type and is ro 
tatably adjustable within the conduit, 5 by a 
Valve shaft 2 journalled in bearings 22 and 3 
formed on diametrically opposite sides pf the 
conduit 5. An arm 24, securely notated at one 
end thereof as by a pin 25 to the exterior por 
tion of the shaft 2, is pivotally connected at 
its opposite bifurcated end to a vertically extend 
ing link 28 by means of a clevis pin 2. Link 23 
has a plurality of Spaced bearing holes 29 therein 
whereby the position of the pivotal connection 
between the arm 24 and link 28 may be changed. 
The OWer end of the link 28 is pivotally raounted 
to the extending end of an actuating lever 2 as 
shown in Fig. 1. 

Referring now to both FigS. 1 and 2, the lever 25 
is pivotally mounted by means of a clevis pin 33 
to the upwardly extending bifurcated portion 3 
of an extension 32 formed integrally with a verti 
cally extending core 33 of soft iron, or the like, 
forming part of the electric regulator to be now 
described. The core 33 is rigidly secured in rela 
tion to the crankcase of the engine through 
an angle bracket 34. Bracket 34 is secured to 
the crankcase f l by bolts 35 and is secured to the 
lower end of the core 33 by bolts 36. A solenoid 
3 is mounted upon a spool consisting of fiber 
flanges 38 and 39, and a sleeve 49, also of fiber, 
or like material, such spool being securely mont 
ed in any suitable maner on the lower end of the 
core 33. A second Solenoid 4 is mounted on a 
similar spool comprising fanges 42 and 43, and a 
sleeve 44. This second spool, however, is slid 
able vertically along the core 33 to and from the 
lower Solenoid 3. 
The windings of the two Solenoids 3 and 4 are 

connected in series with each other and are 
wound in opposite directions so that the polarity 
of the magnetic field produced by one of the 
Solenoids opposes that of the other Solenoid. 
Therefore, on application of current through the 
two solenoids the upper solenoid 4 will be raised 
against the force of gravity by aih amount depend 
ing on the current passing through the Soleroids. 
The Solenoids 3 and 4 may, however, be con 
nected in parallel or other circuit relation with 
each other with their magnetic polarities in op 
position to produce the same effect. 
A ring shaped flange 45, Surrounding the core 
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2 
33, is secured as by screws 46 to the upper flange 
42 of the movable solenoid 4. An upwardly ex 
tending lug 47 formed integrally with the flange 
46 is pivotally connected to a vertically extend 
ing link 48 by a pin 49. The upper end of the 
link 48 is pivotally Secured by means of a pin 
50 to a point on the lever 26. 
A third coil 5f comprising a small number of 

turns of heavy conductor Wire is wound around 
the lower Solenoid 37 and is secured thereto in 
any Suitable manner, as by being tightly wrapped. 
This coil 5 is placed in series with the log-d 
Circuit, generally indicated at 32, of the gen 
erator 8 (Fig. 1) and has its polarity opposed 
to that of solenoid 37. The two solenoid windings 
37 and 4, in series with each other, are con 
nected in shunt With the load circuit 52 as dia 
grammatically shown by the connections 53 
and 54. 
A rheostat 56 is provided in series with the 

windings of the solenoids 37 and 4 to allow ad 
justment required by changes in the resistance 
Of the two Solenoids 37 and 4 due to tempera 
ture variations therein as well as to vary the 
voltage level of the generator output circuit. 
The load circuit 52 of the generator may be 

USed to Supply current to any electrical device. 
However, in this case it is shown as supplying 
Current to a number of lamps diagrammatically 
indicated at 55. 
The Weight of the movable Solenoid it is such 

as to move the valve 20, through the force of 
gravity, toward an open position when the op 
p0Sing magnetic force between the solenoids 32 
and 4f is decreased. 
When the butterfly valve 28 is opened from a 

closed or substantially closed position, an ab-, 
normal amount of force is required to imove it 
into an open position due to the excessive vac 
uum built up within the manifold 3, especially 
if a high power engine is used. In order to over 
Come this resistance of the valve a vacuum 
booster generally indicated at 51 is provided. 
The booster 57 comprises a cylinder 58 which is 
pivotally supported by means of a pin 59 on a 
bracket 69 integrally formed on the conduit 5. 
A flexible tubing 6 secured at its upper end at 
62 to the manifold 3 and its lower end 63 to the 
cylinder 58 communicates the interior of the 
manifold 3 with the interior of the cylinder 53. 
A close fitting plunger 64 is movable within the 
cylinder 58 and is pivotally secured at 55 to the 
lower end of an arm 66 journalled on the valve 
shaft 2. A dog 67 is securely mounted on the 
extending portion of the valve shaft 2 and has 
an adjustable Screw 68 threadably mounted 
therein, the end of screw 68 being adapted to 
a but a boss 69 formed on the arm 66. 
When the butterfly 20 is in a closed or substan 

tially closed position, as in a no load condition 
of the generator, the vacuum produced in the 
manifold 3 is transmitted through the tubing 6 
to the cylinder 58, thereby producing a pull on 
the plunger 64 tending to open the valve 2. The 
size of the cylinder 58, however, is such that the 
Vacuum produced in the manifold 3 is insuffi 
Cient in itself to effect movement of the valve 
26, but overcomes the excessive resistance offered 
to movement of the valve 23 due to the high 
Vacuum in the manifold. It will be noted that 
the end of plunger 64 is adapted to abut, the 
inlet end of cylinder 58 before the valve 2e is 
moved to its full open position. Therefore, as 
plunger 64 reaches the limit of its travel, it be 
Comes ineffective to act upon the valve 2, the 

2,168,927 
1'emaining movement of valve 20 being accom 
plished solely through the link 28. 

This action of the vacuum booster 57 prevents 
an undue resistance from being offered to the 
movement of the solenoid 4 ?, by reason of the 
Vacuum acting against one side of the valve 20, 
after the engine has been operating with the 
Valve substantially closed, thus insuring a move 
ment of the Valve in accordance with the speed 
changes necessary to obtain constant voltage. 
A dashpot 79 is provided to prevent a strain 

from being imposed on the engine due to a 
sudden application of current load on the gener 
ator and also to prevent a hunting or oscillating 
InOWement of the valve 2 on a sudden change of 
load. Dashpot comprises a cylinder 7 pivot 
ally mounted at 2 to the cylinder block 2 and 
a double acting piston indicated by the dotted 
lines 3, movable within the cylinder 7. The 
piston 3 is attached to an extending portion of 
lever 26 by means of a piston rod 74 pivotally 
Secured at its lower end to the lever 26 to retard 
the movement of the Solenoid 4 and conse 
quently the butterfly valve 2. Instead of a 
double acting dashpot for damping any move 
ment of the Valve 2: a dashpot acting only on 
the opening movement of valve 2, may be sub 
stituted, permitting the valve to be closed imme 
diately after a load has been removed from the 
generator, while retarding its opening move 
ment. 
A starting control 75 is provided to control 

the engine during starting. This control com 
prises a rod 6 manually shiftable lengthwise 
thereof and having a slot 7 formed at one of 
its ends. An arm i8 rigidly secured at its lower 
end to the valve shaft 2 has a pin 79 at its 
lipper end adapted to ride Within the slot of 
the rod 6. When the engine is started the rod 

is pushed inward, holding valve 20 substan 
tially closed through the engagement of the end 
of the slot with the pin 79. The rod 6 may 
be also used to control the operation of the 
engine independentiy of the electric regulator in 
the event that the regulator would become inop 
Gerative. 
The operation of the regulating apparatus is 

as followS. Since the solenoids 3 and 4 are 
Connected in Series With each other and across 
the load circuit 52, these Solenoids will be respon 
Sive to the Voltage generated by the generator 
8. On operation of the generator 8, the sole 
noid 4, due to the opposed polarity thereof with 
the Solenoid 3, is raised against the action of 
gravity an amount determined by the voltage of 
he current passing therethrough. The rheostat 
58 is adjusted to compensate for varying re 
sistance due to temperature changes within these 
Solenoids or to adjust the apparatus for any 
desired voltage level. 
The interaction of the two opposed solenoids 

37 and 4 produces a greater amount of bodily 
novement of solenoid 4: for a given change of 
CUrrent than is possible With the use of a single 
Solenoid only. In view of this feature, wear or 
l(OSeness in the Various pivotal connections of 
the linkage systein between the movable sole 
noid 4 and the valve 25 has a negligible effect 
on Operation of the engine. 
As may be noted in Fig. 1 the solenoid, on rais 

ing, moves the lever 28 in a clockwise direction 
about the pin 35 and therefore, through the 
link 28 and arm 24, moves the valve toward a 
closed position to a setting which is predetermined 
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2,168,927 
ments comprising the linkage between the so 
lenoid 4 and the valve shaft 2. 

Preferably this setting is so adjusted that the 
Speed of the engine in a no-load condition of 
the generator circuit will be approximately the 
same as when a light current load is applied to 
the circuit. However, the series coil 5 may be 
made of such strength, and the linkage between 
solenoid 4 and valve 20 may be so arranged 
that the speed of engine 10 may automatically be 
reduced to idling when the current load is re 
moved from the generator. 
On application of a current load on the circuit 

52, the field of solenoid 37 will be weakened by 
the opposing field of coil 5 permitting the So 
lenoid 4 to drop a proportional amount thus 
opening the valve 20, permitting the engine O 
to develop a higher speed so as to raise the 
Voltage output of the regulator sufficient to com 
pensate for the loss in voltage due to the increased 
load on the load circuit, bearing in mind that 
the generator is of the shunt wound type wherein 
at a constant Speed the voltage decreases as the 
Current load increases. 
By Varying the strength of the series coil 5, 

the response of the engine O may be changed 
to Suit the current-voltage-speed characteristics 
of the generator. For instance, if the speed of 
the generator has to be increased only slightly 
to maintain a constant voltage for a relatively 
large applied Current load, the coil 5 should 
be Weaker than if a greater increase in Speed 
Were necessitated for the same current load. The 
regulator may be over-compensated, if desired, 
by increasing the strength of coil 5 to compen 
Sate for voltage losses in the output circuit line 
or for other reasons. This change in response 
may also be obtained by varying the weight of 
the Solenoid 4 or otherwise offering a resistance 
to the movement thereof. 

It Will be noted that the present invention 
obviates the necessity of using springs by em 
ploying the force of gravity on the solenoid 41, 
thus insuring Smooth operation without the 
varying and uncertain action of springs. 
While we have described our invention in its 

preferred embodiment, we desire it to be under 
stood that various modifications may be made 
therein. For example, although the invention 
is particularly applicable to generators of the 
shunt Wound type, it is to be understood that it 
may be used equally well on a series wound or 
any other type generator as well, using a different 
linkage or other inter-connecting means between 
the electrical regulator and the valve 20 so as to 
Operate the valve 20 in accordance with the cur 
rent-voltage curve of the particular generator 
employed. For example, instead of a straight 
line link connection as shown, any suitable non 
linear cam or like interconnection between the 
regulator and the fuel valve may be employed. 
Furthermore, for Small power engines which do 
not require an excessive force to open the but 
terfly valve, the vacuum booster may be omitted. 
We cairn: 
1. In a controlling device, an electric generator, 

a prime mover operatively connected to said gen 
erator, means for controlling the operation of 
Said prime nover, a pair of electro-magnetic coils 
adapted to react on each other and connected in 
shunt with the load circuit of said generator, 
means whereby said coils are adapted to move 
relatively to each other through the electro-mag 
netic action of the current passing through said 
coils, means operatively connecting said first 

3 
mentioned means and one of Said coils to trans 
mit bodily movement to said first mentioned 
means and means responsive to the current flow 
in Said load circuit for modifying the electro 
magnetic effect of one of said coils. 

2. A controlling device in accordance with 
claim, 1 wherein said last mentioned means Com 
prises a third electro-magnetic coil in Series with 
Said load circuit. 

3. In a controlling device, an electric generator, 
a prime mover operatively connected to said gen 
erator, means for controlling the operation of said 
prime mover, a pair of electro-magnetic coils 
electrically connected With each other and oppoS 
ing each other, said pair being connected in 
shunt with the load circuit of Said generator, 
means for supporting one of Said coils in a fixed 
position, means whereby the other of Said coils 
is adapted to be moved relative to said fixed coil 
against the force of gravity through the magnetic 
action of the current passing through Said coils, 
means responsive to the movement of Said movable 
coil for operating said first mentioned means 
and a third coil in series with said load circuit 
and adapted to oppose one of said first mentioned 
coils. 

4. A device for automatically controlling the 
Operation of a motor in accordance with the cur 
rent load on a generator driven by said motor 
comprising means for controlling the operation of 
said motor, a fixed electro-magnetic coil having 
an upWardly extending Core, an Operative COnnec 
tion between Said controlling means and Said 
movable coil, a second electro-magnetic coil mov 
able along said core, said coils being electrically 
connected with each other and in shunt with 
the load circuit of Said generator, With their mag 
netic fields in opposite directions and adapted 
to react upon each other against the force of 
gravity in accordance with the voltage of Said 
load circuit, and a third coil connected in series 
With Said load circuit, Said third Coil having itS 
magnetic field in an opposite direction to the 
field of said fixed coil whereby to modify the 
field of Said fixed coil in accordance With the 
current in said circuit. 

5. In a motor driven generator apparatus, the 
combination of a prime mover, means for con 
trolling the operation of Said prime mover, an 
electric generator Operatively connected to Said 
prime mover, a regulator responsive to Said gen 
erator for operating said first mentioned means, 
and means actuated by said prime mover for 
assisting Said regulator When starting Said prime 
OWer. 
6. In a motor driven generator apparatus, the 

combination of an internal combustion engine 
having a fuel inlet valve, a generator operatively 
connected to said engine, a regulator responsive 
to the voltage of said generator for operating said 
Valve, and means responsive to the difference in 
air pressure on Opposite sides of Said Valve for 
controlling said regulator. 

7. In a motor driven generator, the combina 
tion of an internal combustion engine having a 
fuel inlet valve, a generator operatively connected 
to said engine, means responsive to the current 
in the load circuit of Said generator for oper 
atting said valve, and a vacuum booster adapted 
to urge said valve toward an open position when 
in a Substantially closed position, said booster 
being Substantially ineffective at a substantially 
Open position of said valve. 

LELAND J. ADAMS. 
FRANK. BRACKEN. 
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