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This invention relates to fuel supply systems or devices 
for internal combustion engines and more particularly 
to devices or systems in which liquid fuel is supplied 
under positive pressure. 
An object of the present invention is to provide an 

improved combination of fuel injection pump and meter 
ing system therefor. 
Another object of the invention is to provide an im 

proved fuel supply system which is readily adapted for 
use with various internal combustion engines having 
different operating characteristics and fuel requirements. 

Another object of my invention is to provide a fuel 
injection system capable of accurately metering small 
quantities of fuel and delivering said fuel to a multiple 
cylinder internal combustion engine as separate charges 
for each cylinder. 
A further object of my invention is to provide a sys 

tem for supplying fuel under positive pressure to the 
manifold of an internal combustion engine in the form 
of small individual charges for each cylinder. 
A still further object of my invention is to provide a 

fuel feeding system in which the fuel flow is automatical 
ly regulated in accordance with certain engine variables 
such as, for example, engine speed and engine charging 
pressure. 

Other objects and advantages will be readily apparent 
from the following detailed description taken in con 
nection with the appended drawings in which: 

Figure 1 is a diagrammatic view partially in section 
showing the general arrangement of parts of one form 
of my improved fuel supply system as applied to an 
internal combustion engine; 

Figure 2 is an enlarged view partially in section of 
the rotary distributor valve shown in Figure 1; 

Figure 3 is a partial view of the manifold of an inter 
nal combustion engine showing a supercharger in the in 
duction passage; 

Figure 4 is an enlarged view partially in section of a 
modified form of the rotary distributor valve. 

Referring now to the drawings and in particular to 
Figure 1, numeral i0 designates a gear pump, having an 
inlet 1 and an outlet 12. A multi-plunger fuel injec 
tion pump is shown at 13 having a fuel inlet 14 in com 
munication with the outlet of the gear pump through 
a fuel metering control generally shown at 15. The 
gear pump is adapted to be driven by shaft 16 which is 
journaled at one end in a member 17 secured in the 
housing 18 and at the other end in a partition 19 which 
is formed in the housing and separates the gear pump 
from the chamber 20 of the injection pump. Opening 
into this chamber are pump cylinders 21 circularly dis 
posed in an end member 22 which is secured to a flange 
on the housing by suitable bolts 23. 

Shaft 6 is adapted to be driven by the engine (not 
shown) whereby the fuel discharged by the gear pump 
varies as a function of engine speed. The fuel dis 
charged by the gear pump is metered by the control unit 
15 as a function of engine charging pressure and/or 

2 
temperature. A quantity of metered fuel, depending on 
engine operating conditions and characteristics of the 
particular engine being supplied by my fuel feeding sys 
tem, is by-passed to the inlet of the gear pump. The 
remainder of the metered fuel flows to the injection 

- pump which delivers the fuel to the manifold of the 
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engine in small individual charges for each cylinder. 
The size of each charge is varied by a rotary distributor 

valve 24 which is slidably disposed in a cylindrical 
chamber 25. This chamber is located in the end member 
22 concentrically with pump cylinders 21. The outer 
end of chamber 25 is closed by a plug 26 in which a 
spring loaded abutment member 27 is slidably carried. 
A drive shaft 28 is splined at one end in common spline 

ways with shaft 16 and is keyed at the other end with 
the valve 24 whereby the valve is free to move longi 
tudinally on the shaft but is fixed for rotation therewith. 
A spring 29 encircles the shaft and is held in abutting 
relationship with the valve by a spring retainer 30. The 
rotary distributor valve is cylindrically shaped and has a 
reduced central portion 3: on which is formed a helical 
land 32 (Figure 2). A bore 33 traverses the reduced 
central portion, and an axial bore 34 connects the hollow 
interior of the valve with the inlet 4 of the injection 
pump. The helical land 32, as shown in Figure 2, termi 
nates in a narrow raised portion 35 which extends across 
the reduced portion between end lands 36 and 37. The 
interior of the valve 24 is normally in communication 
with the pump cylinders 2 through bore 33, passages 38 
and port 39. Communication between the interior of the 
valve and the pump cylinders is, however, adapted to 
be cut off during a certain portion of the rotation of the 
valve 24 by the helical land 32 coming into registration 
with passage 38. An abutment member 27 is provided 
to prevent spring 29 from moving the helical land out of 
registry with passage 38 and determines the minimum fuel 
flow during normal operation of the engine. The abut 
ment member 27, however, may be moved to the left as 
viewed in Figure 1, by an idle cut-off lever 40 to cause 
land 37 to move into registration with passage 38 and 
thereby cut off communication between the fuel inlet 14 
and pumping cylinders 21. 
An alternate means for providing idle cut off is shown 

in Figure 4 wherein a radial bore 34a connects the bore 
34 with annular groove 37a in the end land 37. With 
this arrangement the idle cut-off lever 40 moves groove 
37a into registration With passage 38 establishing con 
tinuous communication between the inlet 4 and the 
pumping cylinders 2i allowing the cylinders to fill with 
fuel on each Suction stroke but causing the fuel to be 
returned to the inlet 4 rather than expelled through the 
discharge port 47 on each pumping stroke whereby the 
pump discharge is cut off. 
The number of pumping cylinders provided in the in 

jection pump is correlated with the number of cylinders 
in the engine with which the fuel feeding system is adapt 
ed for use. Preferably, the pumping cylinders are alike 
in construction, and hence the description of one will 
suffice for all. Pumping plunger 41 is slidably disposed 
in the cylinder 2i and is urged toward retracted position 
by a spring 42. The plunger is urged in the pumping 
direction in opposition to said spring, by a bearing ring 
43 mounted on wobble plate 44 which is secured to an 
extension of shaft 6 and adapted for rotation therewith. 
A conduit 45, containing a check valve 46 connects the 
discharge port 47 in the end of the pumping cylinder with 
nozzle 48 located in the manifold 49. Although the nozzle 
shown is discharging into the manifold, it is to be under 
stood that the nozzle could equally well be iocated in the 
cylinder wall of the engine. 
A throttle body 60 will a throttle valve 61 mounted 

therein is secured to the manifold by suitable bolts (not 



3. 
shown). As shown in Figure 3, a supercharger 62 of 
conventional design may also be included in the induc 
tion passage. A passageway 79 communicating with the 
induction passage on the engine side of the throttle and 
anterior to the Supercharger, if included, supplies the 
engine charging pressure to the control unit 7 in the fuel 
metering unit 5. The latter unit is interposed between 
the gear pump 10 and the injection pump 3 to receive 
the entire output of the gear pump through passages 73 
and 74 and to deliver a metered portion of that output 
to the inlet 4 of the injection pump. Th2 remainder of 
the fuel is returned to the inlet of the gear pump through 
by-passes connected to each of the passages 73 and 7A. 

Passage 73 is connected to the gear pump outlet 2 
and the inlet 11 through conduit 76, passageway 78, 
passage S, chamber 2 and bore 32. Valve 34 con 
trols passage 73 and is connected to control unit 71 by 
a suitable linkage 86. The control unit comprises a 
housing 88 defining a chamber 90 containing a bellows 
92 urged toward extended position by an internally car 
ried spring 94. A rod 96 secures one end of the bellows 
to the linkage 86. 

Conduit 76 is controlled by a pressure equalizing valve 
98 which is freely reciprocable in said conduit between 
forcidal members 106 to control the communication be 
tween conduit 76 and passageway 78. The outlet 2 of 
the gear pump is also connected to the inlet it through a 
by-pass coinsisting of passages 743, i82, 104, 26, restric 
tion (7, passages 68, 89, chamber 24 and bore 32. The 
passage 64 is separated from conduit 76 by valve 98 
which is responsive to the pressure differential existing 
between the two conduits. 
A conduit it connects passage 74 posterior the meter 

ing restriction ii.2 to the inlet 4 of the injection pump. 
A temperature responsive valve 24 controlled by unit 
16 extends into the metering restriction 112 and regu 
lates the flow therethrough. The unit 16 consists of a 
housing 8 containing a bellows 2 which is connected 
to a temperature bulb in the intake manifold through a 
tube 22. Valve 4 is centrally secured to a diaphragm 4 
E24 which seals one end of the housing. The bellows 
upon being heated expands to urge the diaphragm in a 
valve closing direction and is opposed in this movement 
by a spring 126. 
A power enrichrient System is provided at numeral 

146, consisting of a power en rich ment je: :42 connect 
ing conduit 74 with conduit 76. The power enrichament 
jet is controlled by a valve i44 which cn one side is sub 
jected to gear pump outlet pressure through conduits 74 
and 36 and on the other side to the force of a spring 23 
and the pressure in conduit 76. At low and medium 
speeds the jet is open thereby by-passing a portion of 
the fuel fron conduit 74 to the conduit 76 causing the 
quantity of fuel delivered to the inlet 4 of the injection 
pump to be decreased. At high speeds the gear pump 
discharge pressure is sufficient to move valve 44 to close 
the jet, thereby cutting off the by-pass and causing an in 
crease in the quantity of fuel delivered to the injection 
pump. 

In the operation of my fuel supply systern, fuel under 
Substantially constant pressure is supplied from a source 
(not shown) to the gear pump inlet . The gear pump 
drive shaft 6 is adapted to be driven by the engine 
whereby fuel under a pressure varying as a function of 
engine speed is discharged through outlet 12 to metering 
restriction 2 and valve 84 through conduits 74 and 73 
respectively. 
The size of the metering jet 12 is varied by valve 14 

as a function of manifold air temperature. Fuel pass 
ing through jet 12 is therefore metered as a function of 
engine Speed and engine temperature. A portion of the 
fuel, thus metered, flows through passages 02 and 104 
to act on One face of the pressure equalizing valve 98 and 
to urge said valve in a direction to close passage 78. 
With passage 78 closed, the entire output of the gear 
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4. 
pump is confined to passage 74. The closing of valve 
98 by fuel under pressure in passage 1894, however, is op 
posed by fuel under pressure in conduit 76 acting on the 
opposite side of valve 98. The fuel pressure in conduit 
75 is controlled by valves 84, 144 and 98. 

Waive 84 is controiled by unit 7, which is responsive 
to engine charging pressure. As the air charging pres 
Sure increases, valve 84 is moved toward closed position 
reducing the fuel pressure in passage 76 and causing valve 
3 to move in a direction to close passage 78. Con 

Verseiy, &S air charging pressure decreases, valve 84 is 
moved toward open position increasing the fuel pressure 
in passage 76 causing valve 98 to move in a direction to 
Open passage 78. With passage 78 open, the portion of 
the gear punp discharge delivered to conduit 73 is by 
passed to the pump inlet 11. 

During low and medium speeds the power enrichment 
jet i42 is open, connecting conduit 74 with conduit 76 
and thereby causing the fuel pressure in conduit f6 to be 
increased. During high speed operation, however, the 
pressure of the fuel in conduit 46, which varies as a 
function of engine Speed, is sufficient to move the valve 
i44, in opposition to spring 48, to a position to cut off 
the fuel flow through jet 42 thus causing a decrease in 
fuel pressure in the conduit 76. A decrease in fuel pres 
sure in conduit 76 causes valve 93 to close passage 73 
thereby effecting an increased flow through metering 
jet 32. 

it is apparent that the quantity of fuel entering paSSage 
74 is dependent upon the quantity of fuel discharged 
by the engine driven gear pump and the quantity of fuel 
by-passed through conduit 73 which is controlled by air 
charging pressure responsive valve 84 and power enrich 
ment jet 142. The quantity of fuel passing through 
the retering jet 1.2 and temperature responsive valve 
14 is, therefore, metered in response to engine speed, 
engine charging pressure and air inlet temperature. 
A portion of this metered fuel, the amount of which 

is determined by a particular engine operating charac 
teristic, is by-passed through passages {2, 1894, ES, 98, 
89, chanaber 20 and bore 82 to the inlet of the gear 
pump. 
The remainder of the metered fuel passes through con 

duit it to the injection pump inlet 4 which is controlled 
by a rotary distributor valve 24 slidably mounted on an 
engine driven shaft for rotation therewith. The valve 24 
is cylindrically shaped having a hollow interior in com 
munication with the inlet 4 through the axial bore 35 
and with the pumping cylinders 21 through radial bore 
33, passage 38 and port 39. The helical land 32 is 
adapted to close off the passage 38 during a portion of a 
rotation of the valve 24 thereby preventing the return 
of fuel from pumping cylinders 21 during at least a por 
tion of the pumping stroke. The effective pumping ca 
pacity or amount of fuel delivered per stroke of the in 
jection punp 13 may therefore be easily varied by vary 
ing the amount of time per pumping stroke that the heli 
cal land 32 is in registration with the passage 38 which in 
turn is determined by the longitudinal position of the 
Valve 24 with respect to the passage 38. The longitu 
dinal position of the valve 24 is affected by the force of 
metered fuel acting on one side of the valve which, in 
opposition to Spring 29, urges the land 33 into increas 
ingly greater registration with passage 38 to cause an 
increase in the size of the charge delivered by the pump 
ing cylinder. 

have discovered that in order to supply the correct 
fuel-air mixture to the engine, when the quantity of 
fuel delivered to the metering unit varies as a function 
(of engine speed, a certain portion of the metered fuel, 
depending upon the particular engine characteristics, must 
be by-passed. In my fuel feeding system I provide a 
means for by-passing a portion of the metered fuel con 
sisting of passages 102, 104, 106, 268, 86, chamber 20 
and bore 82. The quantity of fuel by-passed in any 
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particular engine is determined by the size of restriction 
07 and the pressure differential across it. This pres 

sure differential is that which exists between the gear 
pump inlet pressure and metered fuel pressure, which in 
turn is a function of the spring rate of spring 29 that 
opposes the movement of valve 24 in a direction to in 
crease the pumping of metered fuel. 

In an installation where it is desired to by-pass an 
approximately constant quantity of fuel, a Spring is se 
lected having a low spring rate so that a relatively small 
increase in metered fuel pressure is required to move 
valve 24 from minimum to maximum flow position. This 
results in a relatively Small increase in the pressure dif 
ferential across restriction 107 whereby the amount of 
fuel by-pass is held between narrow limits approaching 
constant flow. In other installations the quantity of fuel 
by-passed may be changed simply by selecting the proper 
restriction 107 and/or spring 29 to satisfy the require 
ments of any particular engine, 

Fuel for idling is provided by the raised portion 35 
on the valve 24 which is kept in registration with the 
passage 38 by abutment 27 when the fuel pressure act 
ing on one side of valve 24 is less than the force of 
spring 29. The idle cut-off lever 40 forces the abutment 
member 27 to move the valve 24 in a direction to cause 
land 37 to come into registration with passage 38 where 
by all fuel is cut-off to the pumping cylinders 21. 

Extreme compactness of the fuel metering system is 
obtained by locating the single rotary distributor valve 
concentric with the circularly disposed pump plungers 
and axially aligning the valve with the gear and injec 
tion pumps whereby a common drive shaft may be util 
ized. This structure not only provides a greater com 
pactness but also a greater freedom from injection errors 
caused by faulty timing of the component parts of the 
system. 

I have discovered that by obtaining the engine charg 
ing pressure on the engine side of the throttle valve 
anterior to the supercharger that I am able to eliminate 
unpredictable errors such as manifold back pressures 
and the like whereby I am able to more accurately pro 
vide the correct fuel air mixture to the engine under all 
operating conditions than the known devices which util 
ize the charging pressure posterior to the Supercharger, 

While only one preferred embodiment of my inven 
tion has been described it will be readily apparent to 
those skilled in the art that many changes or arrange 
ments of parts may be made without departing from the 
spirit of my invention. 

I claim: 
1. In a fuel supplying system for an internal combustion 

engine; a fuel conduit, a passage connecting Said conduit 
to the engine, a metering restriction in said passage, 
pumping means in said conduit for pressurizing fuel in 
accordance with engine speed, means in said conduit 
controlling the flow therethrough in response to changes 
in engine charging pressure, means connected to said 
conduit for by-passing a quantity of fuel from said 
passage to the conduit anterior said pumping means, fluid 
pressurizing means in said passage downstream of said 
restriction for delivering separate charges of fuel to the 
engine in timed relation thereto, means for varying the 
quantity of fuel in said charges, and common actuating 
means for said last mentioned means and said pumping 
and fluid pressurizing means. 

2. In a fuel Supply system for a multi-cylinder com 
bustion engine having an air intake manifold with throttle 
and supercharger therein; a conduit for supplying fuel to 
the engine, a positive displacement pump in said con 
duit having an inlet and an outlet and adapted to be 
driven by said engine, metering means in said conduit 
posterior to said pump, a passage connected to said con 
duit anterior to said metering means and communicat 
ing with the inlet of Said pump, a valve in said passage 
responsive to manifold pressure anterior said super 
charger for controlling the flow in said passage, a re 
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6 
stricted passageway communicating with said conduit 
posterior said metering means for returning a quantity 
of fuel to the inlet of said pump, means for maintain 
ing the pressure head across said valve substantially equal 
to the head across said metering means, means respon 
sive to pump discharge pressure for increasing the quan 
tity of metered fuel, a fuel injection pump connected to 
said conduit having a plurality of circularly disposed 
plungers for delivering separate charges of fuel to the 
engine in timed relation thereto, a rotary valve concen 
tric with said plungers for varying the quantity of fuel 
in said charges, and resilient means for urging said ro 
tary valve in a direction to reduce said charges, said 
pumps and rotary valve being in axial alignment and 
adapted to be driven by said engine through a common 
shaft. 

3. A fuel feeding system for an internal combustion 
engine comprising a source of fuel, a conduit adapted 
to connect said source with the engine, a metering re 
striction in said conduit, a passage connected to said 
conduit on either side of said restriction, a valve in said 
passage responsive to the pressure differential between 
metered and unmetered fuel for regulating the flow there 
through, fluid pressurizing means in said conduit for 
supplying fuel to the metering restriction at a pressure 
varying in accordance with engine speed, means for sub 
jecting the valve to metered fuel pressure for urging 
said valve in a direction to increase fuel flow to the en 
gine, and means for returning a quantity of metered fuel 
to said source. 

4. A fuel feeding system for an internal combustion 
engine having a source of fuel and an induction passage 
with a throttle and air pressurizing device therein: com 
prising a pump, an inlet for said pump adapted for con 
nection with said source, an outlet for said pump, means 
for varying the discharge of said pump as a function of 
engine speed, a by-pass connected to said inlet and outlet, 
means responsive to induction passage pressure between 
the throttle and pressurizing device for controlling the 
flow through said by-pass and fuel divider means con 
nected to said outlet and formed to deliver separate 
charges of fuel to the engine in timed relation thereto. 

5. A fuel injection system for an internal combustion 
engine having an induction passage, a conduit for Sup 
plying fuel to the engine, a pump connected to said con 
duit, means for varying the discharge of said pump as a 
function of engine speed, a metering restriction in said 
conduit downstream of said pump, means connected to 
said conduit between said pump and restriction and re 
sponsive to pressure in said induction passage for con 
trolling the flow in said conduit, means for equalizing 
the pressure differential across said restriction and said 
Second mentioned means, means connected to said con 
duit for returning a quantity of fuel downstream of said 
restriction to said conduit upstream of said pump, and 
means connected to said conduit for delivering separate 
charges of metered fuel to the engine in timed relation 
thereto. 

6. A fuel feeding system for an internal combustion en 
gine, a conduit for supplying fuel to the engine, means 
connected to said conduit for pressurizing said fuel as a 
function of engine speed, metering means in said conduit, 
and means connected to said conduit for returning a sub 
stantially constant quantity of metered fuel to the con 
duit anterior said metering means irrespective of engine 
speed. 

7. In a fuel supplying system for an internal combus 
tion engine, a conduit for supplying fuel to the engine, 
metering means in said conduit, pressure creating means 
in said conduit upstream of said metering means for 
Supplying fuel to the metering means at a pressure vary 
ing in accordance with engine speed, means connected 
to said conduit between said pressure creating means and 
said metering means and responsive to engine charging 
pressure for controlling the flow in said conduit, means 
connected to said conduit for by-passing a quantity of 
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metered fuel to the conduit anterior said pressure creat 
ing means. 

8. In a fuel feeding system for an internal combus 
tion engine having a source of fuel, a conduit adapted 
to connect said source with the engine, a metering re 
striction in said conduit, a pump in said conduit for de 
livering fuel to said restriction at a pressure varying in 
response to variations in engine speed, a passage con 
nected to said conduit on either side of Said pump, a 
valve in said passage, means responsive to engine charg 
ing pressure for actuating said valve, a by-pass adapted 
to connect said conduit anterior said restriction with said 
source and a valve in said by-pass responsive to pump dis 
charge pressure for controlling the flow therethrough. 

9. In a fuel supplying system for an internal combus 
tion engine having an air intake manifold with a throttle 
and supercharger therein, a conduit for Supplying fuel 
to the engine, a pump in said conduit for pressurizing 
fuel as a function of engine Speed, metering means in 
said conduit, a by-pass arond said pump, means respon 
sive to manifold pressure between said throttle and Super 
charger for controlling the flow in said by-pass. 

10. In a fuel supply system for an internal combustion 
engine, a conduit for Supplying fuel to the engine, a 
pump in said conduit adapted to discharge fuel as a func 
tion of engine speed, metering means in said conduit 
downstream of said pump, a by-pass around said pump 
upstream of said metering means, a valve in Said by 
pass responsive to a predetermined pump discharge pres 
sure to close said by-pass. 

11. In a fuel supply system for an internal combustion 
engine having an induction passage and a source of fuel, 
a conduit adapted to connect said source with the engine, 
an engine driven pump in said conduit, metering means 
in said conduit, means connected to said conduit and 
responsive to induction passage pressure for regulating 
the flow in said conduit, a by-pass around said pump 
upstream of said metering means, and a valve in said 
by-pass responsive to engine speed and metered fuel pres 
Sure for controlling the flow through said by-pass. 

12. In a fuel supply system for an internal combus 
tion engine, a conduit adapted for supplying fuel to said 
engine, an engine driven positive displacement pump 
in said conduit, an inlet for said pump, a metering re 
striction in said conduit, a passage connected to said 
conduit on either side of said pump, a valve in said 
passage, means responsive to engine charging pressure 
for actuating said valve, a valve in said conduit respon 
sive to engine speed and metered fuel pressure, and 
means for by-passing a quantity of metered fuel to the 
inlet of said pump. 

13. A fuel feeding system for a multi-cylinder internal 
combustion engine comprising: a conduit for supplying 
fuel to the engine, a pump connected to Said conduit for 
pressurizing fuel as a function of engine speed, meter 
ing means in Said conduit, means connected to said con 
duit downstream of said metering means for delivering 
a Substantially constant quantity of metered fuel to said 
conduit upstream of Said metering means, and means con 
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nected to said conduit for delivering all of the metered 
fuel in said conduit except said substantially constant 
quantity to said engine in separate and distinct charges 
for each cylinder. 

14. A fuel feeding system for a multi-cylinder internal 
combustion engine having an induction passage compris 
ing: a conduit for Supplying fuel to the engine, a pump 
connected to said conduit for pressurizing fuel as a func 
tion of engine speed, metering means in said conduit, 
means responsive to induction passage pressure and con 
nected to said conduit between said pump and metering 
means for by-passing fuel to said conduit upstream of 
said pump, means connected to said conduit downstream 
of said metering means for by-passing a substantially con 
stant quantity of metered fuel to said conduit upstream 
of Said pump and means connected to said conduit for 
delivering all of the metered fuel in said conduit except 
said substantially constant quantity to said engine in sep 
arate and distinct charges for each cylinder. 

15. In a fuel supply system for a multi-cylinder internal 
combustion engine having an induction passage; a con 
duit for Supplying fuel to the engine, a positive displace 
ment pump in said conduit adapted to be driven by said 
engine, an inlet and an outlet for said pump, a metering 
restriction in said conduit downstream of said pump, a 
passage connected to said conduit around said pump and 
upstream of Said restriction, a valve in said passage re 
Sponsive to induction passage pressure for controlling 
the flow through said passage, means for maintaining the 
pressure drop across said valve substantially equal to the 
pressure drop across said restriction, a passageway con 
nected to said conduit downstream of said restriction and 
upstream of Said pump, and a rotary valve in said con 
duit rotatable as a function of engine speed to divide the 
fuel in said conduit into separate charges for each cyl 
inder. 

16. In a fuel Supply system for an internal combustion 
engine having an induction passage, a conduit adapted to 
Supply fuel to said engine, an engine driven positive dis 
placement pump in said conduit, a metering restriction 
in Said conduit downstream of said pump, a valve in said 
conduit downstream of said pump, means responsive to 
ambient air temperature for regulating said valve, a pas 
Sage connected to said conduit on either side of said 
pump and upstream of said restriction, a valve in said 
passage, means responsive to induction passage pressure 
for actuating said last mentioned valve, and means for 
equalizing the pressures in said passage and conduit. 
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