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The present invention relates to a fuel metering system 
for an internal combustion engine which utilizes an in 
jector for delivering a metered quantity of fuel to each 
cylinder of the engine. This invention is particularly 
directed to such an injector device in which the quantity 
of fuel supplied is determined by the speed of the engine 
as well as the load thereon. The density of the air in the 
intake manifold is wholly a function of load, thus such 
density may be used as a control force in combination 
with engine speed for regulating the quantity of fuel 
supplied by said injector. 

In an internal combustion engine it has been found 
that as the engine speed increases beyond a given value 
the quantity of air inducted into the cylinders is no longer 
proportional to the speed and begins to fall off. This 
decrease in the quantity of inducted air results in a de 
crease in volumetric efficiency of the engine. It is 
theorized that the decreased quantity of air inducted at 
higher speeds is due to turbulence created in the intake 
passage. Whatever its cause, the resultant decrease in 
volumetric efficiency is well established. It is apparent 
that an injector control system should deliver fuel along 
a curve similarly shaped to the volumetric efficiency curve 
in order to insure a constant fuel-air ratio. In most 
fuel injection systems of the speed-density type, however, 
the decrease in volumetric efficiency with increased engine 
speeds has been ignored. The failure to accommodate 
the fuel supply system to a change in volumetric efficiency 
results in an unnecessarily rich fuel-air ratio with a con 
sequent loss in economy as well as a loss in power per 
formance, 

It is the purpose of the present invention to provide 
a fuel injection system in which the quantity of fuel sup 
plied by the injector is made responsive to variations in 
volumetric efficiency. 
The present fuel supply system provides a device for 

injecting a metered quantity of fuel to each engine cyl 
inder during each combustion cycle, a pressure responsive 
means operatively connected to said device to vary the 
quantity of fuel output per cycle, means for creating a 
control pressure which is a function of and increase 
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with engine speed, a means for modulating said control 
pressure in accordance with engine speed to create a 
resultant control pressure proportional to the volumetric 
efficiency of the engine and further providing conduit 
means for conveying said resultant pressure to the pres 
sure responsive means. 
The details of the present invention as well as other 

objects and advantages will be apparent from the descrip 
tion which follows. 

In the drawing: 
Figure 1 is a diagrammatic representation of a fuel 

injection system embodying the present invention; and 
Figure 2 illustrates the relationship between volumetric 

efficiency and engine speed. 
. The concepts of the present invention are applicable to 
any type of speed-density fuel injection system and the 
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present diagrammatic representation is merely for the 
purpose of simply illustrating the basic principles of the 
invention. An injector for each cylinder of the engine 
is shown generally at 10. The details of the injector, 
per se, constitute no part of the present invention and 
may be of any well known type such as that employing 
a plunger which is adapted to be pumped at engine speed 
to supply a metered charge of fuel for each combustion 
cycle of the associated cylinder. In this type of injector 
means is provided for varying quantity of charge which 
the plunger may pump per cycle. Typical of injectors 
which may be used are those shown in the copending 
applications Serial Number 597,237, Groves, filed July 
11, 1956, and Serial No. 512,448, Dolza, filed June 1, 
1955, now abandoned. 

In the present system a lever 12 is provided which is 
suitably connected to the injector 10 to vary the quantity 
of the cyclic charge of the injector and which lever is 
pivoted about an adjustable fulcrum indicated generally 
at 14. It is the means whereby lever 12 is controlled 
which constitutes the subject matter of the present in 
vention. Before passing on to a description of the lever 
control system it should be noted that fuel may be sup 
plied to the injector 10 by any suitable source of low 
pressure fuel through a make-up or supply pump 16 from 
a sump 18. 
A pressure responsive device or servo is shown at 

20, and includes a rod 22 suitably articulated to lever 
12 and centrally fixed at its other end to a diaphragm 
24 peripherally supported within a casing 26. A spring 
28 is disposed in casing 26 and is adapted to bias against 
diaphragm 24 to move the latter as well as rod 22 up 
wardly and pivot the control lever 2 in a clockwise 
direction about its fulcrum 14. This type of movement 
of the control lever is in a direction to decrease the 
quantity of fuel supplied by the injector 10. The bottom 
side of the diaphragm 24 is open to atmosphere. The 
upper side of the diaphragm 24 defines a chamber 30 
with the casing 26 and which chamber is adapted to be 
subjected to a pressure bearing a given relation, infra, to 
engine speed and volumetric efficiency. In general, the 
pressure in chamber 30 increases with an increase of 
engine volumetric efficiency so as to move the diaphragm 
24 and rod 22 downwardly to rotate the control lever in 
a counterclockwise direction against the control force of 
spring 28 to increase the quantity of fuel Supplied by 
injector 10. 

In order to provide a basic control force or pressure 
which is proportional to engine volumetric efficiency, a 
first engine speed responsive pump 32 is provided which 
has an intake conduit 34 leading from the sump and an 
output passage 36 communicating with a reservoir 38. 
Reservoir 38 includes an output conduit 40 communicat 
ing with diaphragm chamber 30 in casing 26. Reservoir 
38 also includes an orifice opening 42 which permits the 
fluid supplied by pump 32 to be returned to the sump 
at a rate determined by a contoured adjustable control 
element 44 which projects through the orifice 42. Assum 
ing for the moment that orifice 42 and element 44 
together defined a fixed restriction, then a control force 
or pressure would be created by pump 32, for transmis 
sion to diaphragm 24, which would be a function of 
and increase with engine speed. However, as already 
noted such type of control pressure fails to take into 
account the decrease in volumetric efficiency at increased 
engine speeds due to the inability of the air induction 
system to supply air in direct proportion to speed. The 
relationship of volumetric efficiency to engine speed is 
graphically illustrated by the family of curves shown in 
Figure 2. From these curves it is seen that at a given 
manifold vacuum, volumetric efficiency decreases above a 



2,880,714 
3. 

given Speed. The orifice control element 44 is made ad 
justable So as to reflect the change, e.g. decrease at 
higher engine Speeds, in volumetric efficiency and to tailor 
the fuel Supplied per combustion cycle to the decreased 
quantity of air. 
The shape or contour of the adjustable element 44 is 

made to provide a flow rate through the orifice 42 such 
that the pressure within the reservoir 33 will reflect the 
change in volumetric efficiency as engine speed increases 
and further which change is manifested by a resultant 
control force in conduit 48 which will cause the quantity 
of fuel per combustion cycle supplied by injector 10 to 
be tailored to the reduced quantity of air being supplied 
to each cylinder per combustion cycle at increased engine 
Speeds and to thereby maintain a substantially constant 
fuel-air ratio. 

In order that the position of the adjustable element 
44 be variable in accordance with engine speed a control 
rod 46 is Suitably fixed thereto and the latter connected 
at its other end to a diaphragm 48 mounted within a 
Support casing 58. A Spring 52 is mounted in casing 50 
and is adapted to bias diaphragm 48 and rod 46 in a 
downwardly direction to cause the element 44 to restrict 
the flow through orifice 42. 
A Second engine Speed responsive pump 54 is provided 

which circulates a fluid through a closed circuit including 
an input passage portion 56 and an output passage por 
tion 58. The output passage 53 is in communication with 
the diaphragm chamber 60. A fixed orifice 62 is provided 
in the closed control circuit between the input and output 
passages 56 and 53. Therefore, the pressure drop across 
Orifice 62 is conveyed to the diaphragm 43 and since such 
preSSure drop will be a function of and increase with 
engine Speed the position of the adjustable element 34 
With respect to orifice 42 will be determined by engine 
Speed. As engine speed increases, therefore, element 44 
is moved to increase flow through orifice 42 decreasing 
the pressure in passage 40 and thereby reducing the fuel 
Supplied by injector 10 at higher engine speeds. 

In order that the control lever 12 also reflect engine 
load, engine load responsive means 66 is provided to 
vary the position of the adjustable fulcrun 4. Engine 
load responsive means 66 includes a casing 63 having a 
diaphragm 70 peripherally supported therein and centrally 
Secured to which diaphragm is a rod 72. Rod 72 is suit 
ably articulated to a pivoted lever 7á which through a 
lever 76 connects with the adjustable fulcruin 4. A 
Spring member 73 is disposed in casing 68 and biases the 
diaphragm 76 to the right so as to move the adjustable 
fulcrum 4 to the left. in this way the movement of 
the right end is multiplied by the increased moment arm 
between the fulcrum 4 and the injector () increasing 
the quantity of fuel Supplied by the injector. 
A conduit 88 communicates with the casing 58 and is 

adapted to be suitably connected with the engine intake 
innanifold whereby manifold vacuum will act on the dia 
phragin 79 in opposition to the force of spring 78. Thus 
as the nanifold vacuum increases the diaphragm will 
be moved to the left shifting the adjustable fulcrum 4 
to the right to decrease the quantity of fuel supplied by 
injector 20 consistent with the decreased load on the 
engine as manifested by the increase in manifold yacuuin. 
Thus the present filei ij action system provides a result 

ant injector control force which is proportional to engine 
peed and load as modified to reflect the decreased 

voll: Eletric eficiency which occurs at higher engine speeds. 
It is apparent that the inventive concept embodied in 

the present invention is not linited to the type of dia 
grammatic System used for illustrative purposes and fur 
ther that the Scope of the invention is to be limited only 
by the hereinafter appended claims. 

claim: 
1. A fuel metering system for an internal combustion 

engine comprising injector means for delivering metered 
quantities of fuel to each cylinder of the engine, a control 
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4. 
member for regulating the quantity of metered fuel sup 
plied by the injector means, a servo for actuating said 
member, a first engine speed responsive pump, conduit 
means communicating said pump and servo, an orifice 
associated with said conduit means, said orifice being 
variable in accordance with changes in volumetric effi 
ciency of the engine, pressure responsive means for con 
trolling the size of said orifice, a second speed responsive 
pump, and conduit means communicating with said second 
pump and said pressure responsive means to open said 
variable orifice in a fixed relation to engine speed. 

2. A fuel metering system for an internal combustion 
engine comprising injector means for delivering metered 
quantities of fuel to each cylinder of the engine, a con 
trol member for regulating the quantity of metered fuel 
Supplied by the injector, a diaphragm, means operatively 
connecting said diaphragm and control member, spring 
means biasing said diaphragm to decrease the fuel out 
put of the injector means, a first engine speed responsive 
pump, conduit means communicating said pump and dia 
phragm whereby the pressure of said pump opposes the 
force of Said spring, an orifice associated with said con 
duit means, said orifice being variable in accordance with 
changes in volumetric efficiency of the engine, pressure 
responsive means for controlling the size of said orifice, 
a second speed responsive pump, and conduit means 
communicating said second pump and said pressure re 
sponsive means to open said variable orifice in a fixed 
relation to engine speed and to thereby modify the pres 
Sure output of the first pump. 

3. A fuel metering system as set forth in claim 2 in 
which said variable orifice comprises a fixed opening in 
said first pump conduit means, a contoured element pro 
jecting within and movable relative to said opening, a 
casing having a diaphragm therein, means connecting 
Said diaphragm and contoured element, means biasing 
Said element to restrict said opening, said second pump 
conduit means communicating with Said diaphragm to 
cause the second pump pressure to increase flow through 
Said opening as engine speed increases and to thereby 
modify the pressure output of the first pump. 

4. A fuel metering system for an internal combustion 
engine comprising an injector for delivering metered 
quantities of fuel to each cylinder of the engine, a con 
trol member for regulating the quantity of metered fuel 
Supplied by the injector, a servo for actuating said mem 
ber, a first engine speed responsive pump, conduit means 
communicating said pump and servo, an orifice associated 
with said conduit means, said orifice being variable in 
accordance with changes in volumetric efficiency of the 
engine, pressure responsive means for controlling the 
size of Said orifice, a second engine speed responsive 
pump, conduit means communicating said second pump 
and Said pressure responsive means to open said variable 
orifice in a fixed relation to engine speed, and manifold 
Vacuum responsive means for modifying the operation 
of Said control member whereby an increase in manifold 
vacuum will decrease the fuel output of said injector 
for a given engine speed. 

5. A fuel metering system for an internal combustion 
engine comprising an injector for delivering metered 
quantities of fuel to each cylinder of the engine, a con 
trol member for regulating the quantity of metered fuel 
Supplied by the injector, an adjustable fulcrum for said 
member, a servo for pivoting said member about said 
fulcrum, a first engine speed responsive pump, conduit 
means communicating said pump and servo, an orifice 
asSociated with Said conduit means, said orifice being vari 
able in accordance with changes in volumetric efficiency 
of the engine, pressure responsive means for controlling 
the size of said orifice, a second engine speed responsive 
pump, conduit means communicating said second pump 
and Said pressure responsive means to open said variable 
orifice to decrease the resultant pressure in the conduit 
means for said first engine speed responsive pump as 
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engine speed increases, a diaphragm operatively connected 
to said adjustable fulcrum, spring means biasing said dia 
phragm and fulcrum to a position permitting said servo 
to increase the fuel output of said injector, and conduit 
means communicating manifold vacuum to said dia 
phragm permitting an increase in manifold vacuum to 
decrease the injector fuel output. 

6. A fuel metering system as set forth in claim 5 in 
which said servo comprises a diaphragm, means opera 
tively connecting said diaphragm and control member, 
and spring means biasing said diaphragm to decrease the 
fuel output of the injector means, said first pump conduit 
means communicating with said diaphragm enabling said 
first pump pressure to oppose the force of said spring 
C2S, 

7. A fuel supply system for an internal combustion 
engine comprising a device for injecting a quantity of 
fuel to each engine cylinder during each combustion 
cycle, pressure responsive means operatively connected to 
said device to vary the quantity of fuel output per cycle, 
first means adapted to create a control pressure which 
is a function of engine speed, second means for modulat 
ing said control pressure in accordance with engine speed, 
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said second means reducing said control pressure in pro 
portion to decreasing volumetric efficiency of the engine, 
and conduit means for conveying said reduced control 
pressure to said pressure responsive means. 

8. A fuel supply system for an internal combustion 
engine comprising a device for injecting a quantity of 
fuel to each engine cylinder during each combustion cycle, 
pressure responsive means operatively connected to said 
device to vary the quantity of fuel output per cycle, first 
means adapted to create a control pressure which is a 
function of engine speed, second means for modulating 
said control pressure in accordance with engine speed, 
said second means reducing said control pressure in pro 
portion to decreasing volumetric efficiency of the engine, 
conduit means for conveying said reduced control pres 
sure to said pressure responsive means, and manifold 
vacuum responsive means for modifying the operation 
of said pressure responsive means causing an increase in 
manifold vacuum to decrease the fuel output of said in 

20 jecting device for a given engine speed. 

No references cited. 
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