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3,288,124 
PUMP GOVERNOR 
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9 Claims. (C. 123-140) 

The present invention relates to fuel pumps conven 
tionally employed for delivering fuel to an internal com 
bustion engine, and more particularly to governing de 
vices for regulating the fuel delivery of the pump 

It is a primary aim of the present invention to provide 
a new and useful isochronous governor having notable 
usefulness for regulating the fuel delivery of an engine 
fuel pump of the fuel injection type. 

It is another aim of the present invention to provide an 
improved governor boost for the conventional governor 
employed in fuel injection pumps. 

It is a further aim of the present invention to provide 
for an engine-driven generator installation, a novel gov 
ernor having means for momentarily increasing the fuel 
delivery to the engine in anticipation of an increase in 
engine load occasioned by an increase in the electrical 
power supplied by the generator. 
Another aim of the present invention is to provide 

an improved engine fuel pump of the type described hav 
ing a novel governor boost which is adjustable for in 
creasing or decreasing the usual droop in engine speed 
accompanying an increase in engine load. 

Other objects will be in part obvious and in part pointed 
out more in detail hereinafter. 
The invention accordingly consists in the features of 

construction, combination of elements and arrangement 
of parts which will be exemplified in the construction 
hereafter set forth, and the scope of the application of 
which will be indicated in the appended claims. 

In the drawings: 
FIG. 1 is a longitudinal cross section view, partly 

broken away, of a pump incorporating a preferred em 
bodiment of the governor of the present invention; 

FIG. 2 is an enlarged top view, partly broken away, 
of the pump; 

FIG. 3 is a partial section view taken substantially along 
line 3-3 of FIG. 2; 

FIG. 4 is a partial section taken substantially along line 
4-4 of FIG. 3; 

FIG. 5 is a diagrammatic view of an engine-generator 
installation illustrating an aspect of this invention; and 

FIG. 6 is an enlarged longitudinal section view of a 
load anticipator of the governor. 

Referring now to the drawings in detail, the fuel 
pump 10 exemplifying the present invention is shown to 
be of the type adapted to supply measured charges of 
fuel to the fuel nozzles of an internal combustion engine. 
A pump housing 12 having a housing cover 14 Secured by 
fasteners 16 rotatably supports a pump rotor 18 and a 
connected drive shaft 20 having a tapered end for re 
ceiving a driving gear (not shown) to which the shaft 20 
is keyed. A vane-type fuel transfer, or low pressure 
supply, pump 22 driven by the rotor 18 receives fuel 
from an engine fuel tank 23 (FIG. 5) via a filter 26 in 
the pump inlet 24 and delivers fuel under pressure via 
the axial conduits 28, 30 and annulus 31 to a pump meter 
ing valve 32. A pressure regulator valve, generally de 
noted by the numeral 34, regulates the transfer pump out 
let pressure in accordance with the fuel requirements of 
the engine and returns excess fuel to the pump inlet 24. 
Conventionally, the transfer pump outlet pressure is regul 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

2 
lated to increase with rotor speed and therefore with the 
speed of the engine with which the pump is associated. 
A high pressure charge pump 36 driven by the rotor 18 

comprises a pair of opposed plungers 38 reciprocable in 
a diametral bore in the rotor. The charge pump 36 re 
ceives metered fuel from the metering valve 32 via an 
annulus 40 and a plurality of angularly spaced radial 
passages 42 adapted for registration with a diagonal in 
let passage 44 in the rotor 18. Fuel is delivered by the 
charge pump via an axial bore 46 in the rotor to a radial 
distributor passage 48 adapted for sequential registration 
with angularly spaced outlet passages 50 appropriately 
connected to the individual injection nozzles of the engine. 
A spring-biased delivery valve 52 in the axial bore 46 
provides in a known manner for achieving sharp cutoff 
of fuel to the nozzles and thereby eliminates fuel dribble 
to the engine combustion chambers. In the usual man 
ner, the radial inlet passages 48 and the outlet passages 
50 are located to ensure registration, respectively, with 
the diagonal inlet passage 44 during the intake stroke of 
the plungers 38 and with the distributor passage 50 dur 
ing the discharge stroke of the plungers. 
An annular internal cam 54 having a plurality of pairs 

of diametrically opposed camming lobes is provided for 
actuating the charge pump plungers 38 inwardly for 
delivering fuel to the pump distributor. A pair of rollers 
56 and roller shoes 58 are mounted in radial alignment 
with the plungers 38 by a rotor driven carrier (not shown) 
for camming the plungers inwardly. For timing the dis 
tribution of fuel to the fuel nozzles with the engine 
operation, the annular cam 54 is angularly adjustable by 
a suitable timing mechanism 55. 
A governor, generally denoted by the numeral 60, com 

prises a plurality of flyweights 62 angularly spaced about 
the pump drive shaft 20 which, under the influence of 
centrifugal force, urge a sleeve 64 encircling the drive 
shaft 20 to pivot a governor plate 66, clockwise as seen 
in FIG. 1, about a supporting rod 68. The governor 
plate 66 is urged in the opposite pivotal direction by a 
compression spring 70 having a bias which is made vari 
able by an arm 72 controlled by a shaft 74 to which the 
engine throttle lever may be suitably connected. The 
governor plate 66 is connected for controlling the angular 
position of the metering valve 32 by a control arm 76 
fixed to the metering valve and a link 78 pivotally mounted 
on the control arm 76 and received within a bifurcated 
projection of the governor plate 66. A tension spring 77 
attached to the governor plate 66 and to the link 78 nor 
mally maintains the governor plate 66 in operative con 
nection with the metering valve 32; however, a shutoff 
cam 79 suitably connected for operation by a lever 
mounted externally of the pump housing 12 is provided for 
angularly shifting the metering valve 32 against the ten 
sion spring 77 for shutting off the fuel to the charge pump. 
As is well known, the quantity or measure of the charge 

delivered by the pump is a function of the pressure of 
the inlet fuel to the charge pump 36. Therefore, by 
angularly adjusting the metering valve 32, the fuel pres 
sure in the charge pump inlet and the measure of the 
charge delivered by the pump 36 can be controlled. The 
governor 60 will operate under the bias of the compres 
sion spring 70 to control the angular position of the meter 
ing valve 32, the measure of the charge delivered by the 
pump 36 and therefore the engine speed. However, an 
increase in engine load will normally produce a slight 
reduction or positive "droop” in the engine governing 
speed for any given throttle setting. This is due to the 
fact that the metering valve 32 must be opened to meet 
the increased fuel requirements of an engine under in 
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creased load, and, inasmuch as the governor directly con 
trols the metering valve 32 the engine will necessarily 
stabilize at a lower speed. Of course, the reverse results 
when there is a decrease in engine load, i.e., the govern 
ing or stabilizing speed of the engine will increase. 

In accordance with one aspect of the present invention, 
the pump governor 60 is provided with a governor boost 
or secondary control 82 of the angular position of the 
metering valve 32. As best seen in FIG. 3, the governor 
boost 82 comprises a support block 84 Suitably Secured 
within the upper cavity 80 of the pump housing 12 having 
a bore 86 reciprocably mounting a boost plunger 88. A 
limit stop 90 for the plunger 88 is reciprocably mounted 
in an enlarged bore in the support block 84 for move 
ment rearwardly from a shoulder 92 to a position adjust 
able by an elongated set screw 94 threaded to the hous 
ing 12. An inclined shoulder 96 is provided on the stop 
90 for engagement by the set screw 94, and a forward 
projection 98 is provided on the stop for engagement with 
the plunger 88 to provide a fluid chamber 99 between the 
stop 90 and plunger 88. Passage 85 in the support block 
84 and pump housing 2 provides communication between 
the fluid chamber 99 and the annulus 40 with the result 
that fluid in the fluid chamber between the plunger 88 and 
stop 90 urges the stop rearwardly against the set screw 
94 and urges the plunger 88 forwardly. An O-ring seal 
102 received within an annulus within the stop is provided 
for eliminating fuel leakage past the stop 90. 
A rocker arm 104 is pivotally mounted by a pin 106 

between a pair of upstanding sides 108 of the support 
block 84. A stop 10 threaded into one side of the sup 
port block is received within a concave recess in the rock 
er arm 104 and thereby serves to limit the pivotal move 
ment of the rocker arm. The rocker arm is operatively 
connected to the governor plate 66 by a partially spherical 
ball 112 fixed to the governor plate 66 with a pair of 
fasteners 114 and received within a downwardly opening 
slot 116 in the rocker arm. The rocker arm is provided 
with a concave raceway 118 which is centrally recessed 
for retaining a follower or roller 120. The roller 120 
is operatively connected to the plunger 88 for transmitting 
to the rocker arm 104 the force on the plunger 88 due 
to the fuel pressure in the fluid chamber 99. This con 
nection comprises a rearwardly pointed guide 124 re 
ceived within an inwardly tapered recess in the plunger 
88 and having a central bore 126 receiving a rod 128. 
The rod 128 has a forward bifurcated end pivotally sup 
porting the roller 120, and the guide 124 and rod 128 
have opposed annular shoulders 130, 132, respectively, 
between which is compressed a coil spring 134 encircling 
the guide and rod. 
A toggle linkage comprising a control link 136 mounted 

between the sides of the support block by a pivot pin 138, 
and a second link 140 mounted on the bifurcated end of 
the rod 128 by a pivot pin 142 provide for adjusting the 
roller 120 along the raceway 118 of the rocker arm, for 
which purpose the pivotal connection between the guide 
124 and plunger 88 is provided. A compression spring 
144 is interposed between the support block 84 and the 
control link 136 to urge the roller 120 upwardly (as 
viewed in FIG. 3) along the raceway 118. A stop 146 
threaded into the control link 36 for engagement with the 
support block 84 is adjustable for establishing the upper 
limit of travel of the roller 120 on the raceway 118, here 
shown with the longitudinal axis of the rod 128 and guide 
124 adjusted to a fixed position in which it intersects the 
pivotal axis of the rocker arm 104. An elongated set 
screw 148 is threaded to the housing cap 14 for fixing the 
adjusted position of the control link 136 against the bias 
of compression spring 144 and thereby position the roller 
120 with respect to the pivotal axis of the rocker arm 
104. 
With the axis of the rod 128 passing above or below 

the axis of pin 106, the fuel or control fluid in the cham 

I0 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

compress the compression spring 134 and thereby increase 
the bias on the rocker arm 104. With the toggle linkage 
adjusted to position the roller 120 below the pivotal axis 
of the rocker arm, or the axis of pin 106 (as viewed in 
FIG. 3), the bias on the rocker arm 104 will create a 
bias on the governor plate 66 urging the governor plate 
in the counterclockwise pivotal direction, as seen in FIG. 
3, to increase the opening of the metering valve 32. With 
the toggle linkage adjusted to position the roller upward 
ly of the pivotal axis of the rocker arm 04, the rocker 
arm will urge the governor plate 66 in the clockwise di 
rection, as seen in FIG. 3, in opposition to the compres 
sion spring 70 to decrease the opening of the metering 
valve 32. 
The bias on the governor plate 66 provided by the gov 

ernor boost 82 is dependent therefore upon the charge 
pump inlet fuel pressure as measured by the fuel pres 
sure in the annulus 40 and the position of the roller 20 
on the raceway 118 as adjusted by the set screw 148 for 
changing the mechanical advantage of the connection be 
tween the plunger 88 and rocker arm 04. It should be 
appreciated that for any given position of the metering 
valve 32, the charge pump inlet fuel pressure will de 
crease with increasing pump speed and therefore with in 
creasing engine speed, due primarily to the fact that with 
increasing speed there is a greater fuel flow and there 
fore a greater pressure drop across the metering valve 32. 
The charge pump inlet fuel pressure is also a function 
of engine torque inasmuch as the engine torque is di 
rectly related to the measure of the fuel charge delivered 
to the engine. Consequently, the bias on the plunger 88 
provided by the metered fuel pressure and transmitted to 
the rocker arm 104 increases with decreasing engine speed 
and increasing engine torque. 
A reduction or "droop” in engine speed with an in 

crease in engine load can therefore be reduced or com 
pletely eliminated by appropriate adjustment of the po 
sition of the roller 120 below the axis of pin 106 with 
set screw 148 whereby the bias increase of the governor 
boost can be established to offset the normal speed droop, 
or where desirable to over or under compensate for the 
normal droop. With the roller 120 adjusted to a po 
sition on the raceway 118 above the pivot axis of the 
rocker arm, the normal droop of the engine will be in 
creased. 

In an engine installation where the engine 149 is 
mounted for driving an electrical generator 151, as shown 
diagrammatically in FIG. 5, it is particularly desirable 
for the engine speed to remain constant over a range of 
engine loads and, therefore, over a range of electrical 
loads on the generator 151. As previously described, 
the toggle linkage would be appropriately adjusted to 
eliminate droop in the engine governing speed. How 
ever, it has been found that in the transition during which 
the engine load is increasing there will nevertheless be 
a slight drop in engine speed until the engine load is sta 
bilized. As a consequence, the pump governor of the 
present invention incorporates a load anticipator 150 
(FIGS. 5 and 6) which is responsive to an increase in 
the generator output and adapted to momentarily increase 
the fuel supplied by the pump to the engine 149 in anti 
cipation of an increase in engine load. This is accom 
plished in the preferred embodiment of the present in 
vention by the incorporation of a plurality of current 
transformers 152 each sensitive to an increase in the 
generator output supplied through a phase of the gen 
erator, as where the generator provides a three phase 
output. These current transformers are electrically con 
nected to three aligned coils 154 which encircle a non 
magnetic tubular cylinder 156, manufactured as of brass 
and having a pair of brass end connectors 158 threaded 
therein. Sleeves 160 provide for spacing the solenoids 
154 on the tubular cylinder 156 and a pair of O-rings 
162 are provided for sealing the cylinder against leakage. 

ber 99 will therefore urge the plunger 88 forwardly to 75 Also, the outer connector 158 may be connected, as 
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Schematically shown in FIG. 5, for returning leakage to 
the fuel tank 23. 

Three magnetic armatures 164 separated by a pair of 
nonmagnetic tubular spacers 166 are reciprocably mounted 
Within the tubular cylinder 156 and biased inwardly by a 
preferably nonmagnetic compression spring 168 inter 
posed between an armature 164 and the outer tubular 
connector 158. A plunger 170 reciprocably mounted in 
the inner tubular connector 158 is engageable by the 
inner armature to urge the plunger inwardly. A passage 
172 in the housing 12 (FIG. 1) provides for fluid com 
munication between the plunger chamber and the an 
nulus 40 whereupon metered fuel pressure urges the 
plunger outwardly to compress the spring 168 and the 
load anticipator thereby acts in part as an accumulator 
to reduce fluid pressure fluctuations in the annulus 40. 

If a change in the electrical output of the generator 
151 should occur, a change in the fux produced by one 
or more of the transformers 152 will occur. This will 
cause the respective coils 154 to move toward the center 
of the flux field of their respective coils to aid the spring 
168 in urging the plunger 170 inwardly and thereby mo 
mentarily increase the fuel pressure in the annulus 40 
and in the plunger chamber of the governor boost. Con 
sequently, the bias provided by the governor boost will, 
when the toggle linkage is adjusted for increasing the bias 
on the governor, momentarily increase the measure of 
fuel supplied to the engine 149 in anticipation of the in 
creased engine load, and thereafter the normal governor 
and governor boost operation will take over. When the 
electrical load stabilizes, the plunger 170 and solenoid 
assume a balanced position determined by the fuel pres 
Sure in the annulus 40, the bias of spring 168 and cen 
tering force imposed on armatures 164 by the coils 154. 
Thus, it can be seen that the governor boost of the 

present invention provides a secondary control of the 
metering valve of the fuel pump and where desirable 
can be adjusted to offset the normal engine droop ac 
companying an increased engine load. Inasmuch as the 
governor boost allows for adjustability of the boost effect; 
none, partial complete or over compensation for the 
normal engine droop may be provided, or the engine droop 
may be increased. Further, with the load anticipator 
of the governor an increase in the engine load in an en 
gine-driven generator installation can be anticipated to 
momentarily increase the fuel delivery to the engine prior 
to when the governor and governor boost would provide 
an increased fuel delivery. 
As will be apparent to persons skilled in the art, vari 

ous modifications and adaptations of the structure above 
described will become readily apparent without departure 
from the spirit and scope of the invention, the scope of 
which is defined in the appended claims. 

I claim: 
1. In a fuel injection system for an internal combus 

tion engine, a flyweight governor providing a primary con 
trol of the engine fuel supply, a control fluid having a 
pressure which is a function of engine speed, governor 
boost means responsive to the control fluid providing a 
secondary control of the engine fuel supply, and means 
for manually adjusting the secondary control of the gov 
ernor boost means to provide a predetermined engine 
droop. 

2. In a fuel injection system for an internal combustion 
engine, a flyweight governor providing a primary control 
of the engine fuel supply, said governor being operable 
under a bias controllable for varying, engine speed, gov 
ernor boost means operable for changing the bias on the 
governor, said governor boost means being responsive to 
engine speed for increasing the governor bias with a de 
crease in engine speed, and means for manually adjusting 
the bias change of the governor boost means to regulate 
the droop of the engine. 

3. In a fuel injection pump, a charge pump for supply 
ing fuel to an associated engine of an engine-generator set, 
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6 
a transfer pump for supplying fuel under pressure to the 
charge pump, a valve controllable for regulating the 
amount of fuel supplied to the charge pump, a flyweight 
governor operable under a bias for controlling the valve, 
governor boost means operable by the regulated fuel for 
changing the bias on the governor, and means responsive 
to a change in the load on the engine for adjusting the 
bias change of the governor boost means. 

4. In a fuel injection pump, a charge pump for sup 
plying fuel to an associated engine, a transfer pump for 
Supplying fuel under pressure to the charge pump, a valve 
means controllable for regulating the amount of fuel sup 
plied to the charge pump, a governor providing primary 
control of the valve means, governor boost means opera 
ble by the regulated fuel providing secondary control of 
the valve means, and boost control means for modifying 
the secondary control of the governor boost means. 

5. In a fuel injection pump for an internal combustion 
engine having a valve controllable for regulating the pres 
Sure of a control fluid, a pump for delivering fuel 
charges to the engine having a measure dependent upon 
the pressure of the control fluid, and a governor operable 
under a bias for controlling the valve, a governor boost 
comprising a pivotally mounted rocker arm, means oper 
able by the regulated control fluid urging the rocker arm 
in one pivotal direction, and means operatively connecting 
the rocker arm and governor for changing the governor 
bias an amount which varies with the pressure of the regu 
lated control fluid. 

6. In a fuel injection pump for an internal combustion 
engine having a valve controllable for regulating the pres 
sure of a control fluid, a pump for delivering fuel charges 
to the engine having a measure dependent upon the pres 
sure of the regulated control fluid, and a governor oper 
able under a bias for controlling the valve, a governor 
boost comprising a cylinder receiving the regulated con 
trol fluid, a plunger reciprocable in the cylinder biased 
in one direction by the regulated control fluid, a pivotally 
mounted rocker arm, means operatively connecting the 
plunger and rocker arm for transmitting the fluid bias on 
the plunger into a pivotal bias on the rocker arm, means 
for effecting adjustment of the mechanical advantage of 
the connecting means, and means operatively connecting 
the rocker arm and governor for changing the governor 
bias. 

7. In a fuel pump for an internal combustion engine 
having a valve controllable for regulating the pressure of 
a control fluid, a pump for delivering fuel charges to the 
engine having a measure dependent upon the pressure of 
the control fluid, and a governor operable under a bias 
for controlling the valve, a governor boost comprising a 
cylinder receiving the control fluid, a plunger recipro 
cable in the cylinder biased in one direction by the con 
trol fluid, a guide pivotally connected to the plunger, a 
pivotally mounted rocker arm with a raceway, a roller en 
gageable with the raceway slideably connected to the guide 
compression spring means biasing the roller against the 
raceway and the plunger in the opposite direction, means 
operatively connecting the rocker arm and governor, and 
means for pivotally adjusting the guide. 

8. The governor boost of claim 7 further comprising 
means for effecting adjustment of the bias of the com 
pression spring means on the roller. 

9. In a fuel pump for an internal combustion engine 
having a valve controllable for regulating the pressure of 
a control fluid, a pump for delivering fuel charges to the 
engine having a measure dependent upon the pressure of 
the control fluid, and a governor operable under a bias for 
controlling the valve, a governor boost comprising a cylin 
der receiving the regulated control fluid, a plunger recipro 
cable in the cylinder biased in one direction by the control 
fluid, a pivotally mounted rocker arm with a raceway, a 
roller engageable with the raceway pivotally connected to 
the plunger, means operatively connecting the rocker arm 
and governor, and manually adjustable toggle link means 
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connected to the roller for adjustment of the roller along 
the raceway. 
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