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3,320,938 
FUEL SYSTEM 

Max F. Homfeld, Royal Oak, and Stanley H. Mick, St. 
Clair Shores, Mich., assignors to General Motors Cor 
poration, Detroit, Mich., a corporation of Delaware 

Filed Jan. 8, 1965, Ser. No. 424,354 
7 Claims. (C. 123-139) 

This invention relates to a fuel system incorporating 
improved components and advantageously combining a 
shuttle piston type injection fuel distributor with an air 
mass flow fuel metering control. - 

It is generally accepted opinion that fuel injection offers 
distinct advantages over carburetion as a method of sup 
plying a charge of fuel and air to the combustion cham 
bers of an internal combustion engine. Among these 
advantages: engine performance may be increased because 
the intake manifold design is not limited by the require 
ment that it carry vaporized fuel, and fuel economy is in 
creased due to the decreased variation in cylinder-to-cyl 
inder air-fuel ratios. 
This invention provides a fuel injection system in which 

the fuel is maintained under pressure without requiring 
recirculation. The possibility of fuel vapor formation and 
the resultant problems of vapor lock and long cranking 
after a hot soak are thereby eliminated. 

This invention also provides a fuel injection system in 
which fuel metering is controlled by an air valve in the 
air inlet which is positioned by a diaphragm and spring 
combination adapted to maintain a constant air pressure 
differential in the air inlet. Thus, the air valve is respon 
sive to air flow throughout the range of engine operating 
conditions and sufficient force is available to provide 
proper fuel metering. The problem of insufficient control 
over fuel metering during engine idling is thus eliminated, 
Fuel metering is accomplished by varying the area of a 
metering orifice with a contoured rod controlled from the 
air valve. 
This invention further provides a timed fuel injection 

system in which these air and fuel metering controls are 
combined with an injection fuel distributor incorporating 
a shuttle piston and a rotor cooperating to distribute the 
fuel to the injection nozzles. The fuel distributor has a 
stroke control piston to control the stroke of the shuttle 
piston and thus maintain a constant fuel pressure differ 
ential across the fuel metering orifices to obtain precise 
fuel metering. In this arrangement, source fuel pressure 
and metered fuel pressure are applied against the stroke 
control piston so that the quantity of fuel supplied to the 
cylinders increases as the fuel pressure differential across 
the fuel metering orifices decreases, thereby tending to re 
store the fuel pressure differential to a predetermined 
value. The stroke control piston also has an accumulat 
ing effect which allows a non-pulsating flow of fuel through 
the fuel metering orifices and increases the accuracy of 
the metering control. 

This invention additionally provides a fuel injection 
system incorporating a compensation piston controlled co 
incidentally with the throttle valve to provide enrichment 
of the charge of fuel and air upon engine acceleration. 
The compensation piston increases the pressure of the 
metered fuel and the stroke control piston is forced to per 
mit a longer stroke of the shuttle piston. An unmetered 
quantity of fuel is then distributed to the cylinders to 
provide an enriched mixture for acceleration. 
Also included in this fuel system is a choke adapted to 

enrich the charge of fuel and air during cold engine oper 
ation. The choke valve provides a false signal to the air 
valve and is controlling diaphragm, causing the air valve 
to open wider during cold engine operation than during 
normal engine operation for any given air mass flow, 
whereby the contoured rod is withdrawn from the meter 
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ing orifice to permit increased fuel flow to the cylinders. 
The details and other objects and advantages of this 

invention are disclosed in the following description and 
in the drawing, in which: 
FIGURE 1 is an elevation view, partly in section, of the 

air intake, the intake manifold, and a cylinder of an in 
ternal combustion engine; and 
FIGURE 2 is a sectional plan view of the fuel meter 

ing control and the fuel distributor. 
Referring to the drawing, air is supplied through an air 

inlet 1 and an intake manifold 12 to the cylinders 14 
of an internal combustion engine. The amount of air 
supplied to the engine is controlled by the engine operator 
through a throttle valve 16 rotatably mounted in inlet 
10. The air flow through inlet 10 is measured by an air 
valve 18 rotatably mounted in inlet 10. 

Air valve 18 is controlled by a diaphragm 20 which has 
air pressure in inlet 10 upstream of air valve 18 applied 
against one side through a tube 22 and which has air 
pressure in inlet 10 downstream of air valve 18 and up 
stream of throttle valve 16 applied against the other side. 
These pressures act on diaphragm 20 in an air valve open 
ing direction against the bias of a spring 24. Diaphragm 
18 and spring 24 cooperate to maintain a constant air 
pressure differential across air valve 18. Thus, even dur 
ing low air mass flow operating conditions such as at idle, 
sufficient force is avaialble to properly control fuel metering. 
Air valve 18 is secured to a shaft 26 which extends 

through the side of inlet 10. A pair of contoured rods 
30 and 32 is operatively connected to shaft 26 by lever 
arm 33. Rods 30 and 32 cooperate with metering ori 
fices 34 and 36, respectively, to vary the effective area 
thereof. Upon opening of air valve 18, rods 30 and 32 
are withdrawn from orifices 34 and 36, allowing an in 
creased quantity of fuel to pass therethrough. 

Pressurized fuel is supplied to orifices 34 and 36 by a 
pump (not shown) through a conduit 38 to a housing 40 
in which the contoured rods 30 and 32 and their respec 
tive metering orifices 34 and 36 are located. Rod 30 and 
orifice 34 meter fuel for economy engine operation and 
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are directly connected with conduit 38 through an annu 
lar chamber 42. 
Rod 32 and orifice 36 meter fuel when power enrich 

ment is required, such as during periods of low vacuum 
in intake manifold 12. As a control for orifice 36, mani 
fold vacuum is applied through a conduit 44 against a 
diaphragm 46 biased by a spring 43. A plunger 50 is 
connected to diaphragm 46. Another diaphragm 52 is 
connected to plunger 50 and seats across the end of a 
boss having a a conduit 54 extending through housing 
40 to orifice 36, thereby preventing fuel flow from con 
duit 38 through annular chamber 42 to conduit 54. 
During periods of low manifold vacuum, such as at 

wide open throttle or during engine acceleration, dia 
phragm 46 and thus plunger 50 and diaphragm 52 are 
biased away from conduit 54 by spring 48, and fuel may 
flow to orifice 36. Fuel is then metered through both 
orifices 34 and 36 and an enriched mixture is obtained for 
power operation. During periods of high manifold vac 
uum, such as at idle or during steady state engine opera 
tion, diaphragm 52 seals conduit 54 from annular chann 
ber 42, whereby fuel is metered only through orifice 34. 

After the fuel has been metered through orifices 34 
and 36, it passes through a conduit 56 to the fuel dis 
tributor 58. Distributor 58 includes a rotor 60 driven 
through a shaft 62 by the engine. Rotor 69 cooperates 
with a stator 64, in which is formed a cylindrical cavity 
housing a shuttle piston 66, to distribute fuel to the vari 
ous conduits 68 which lead to fuel injection nozzles 70 
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located in the intake manifold 12 adjacent the inlet valve 
72 of each cylinder 14. 
The operation of rotor 60 is such that fuel is Sup 

plied first to the chamber at one end of shuttle piston 
66 through a passage 74 in the rotor and a passage 76 
in the stator, and then to the chamber at the other end 
of shuttle piston 66 through passage 74 in the rotor and 
a passage 78 in the stator. As fuel is supplied to one 
end of shuttle piston 66, fuel is pumped from the other 
end of shuttle piston 66 and passes through passage 76 
or 78 in the stator and groove 80 in the rotor to pas 
sages 92 in the stator which communicate with conduits 
68. Thus, fuel is sequentially distributed to nozzles 70 
by the cooperation of rotor 60 and shuttle piston 66. 
A plunger 84 controls the length of the stroke of 

shuttle piston 66 and is biased by a spring 86 to per 
mit relatively long strokes of shuttle piston 66. Plunger 
84 abuts a stroke control piston 88 against one end of 
which fuel from the pump is applied and against the 
other end of which metered fuel is applied. Since a 
drop in fuel pressure occurs at the fuel passes through 
metering orifices 34 and 36, stroke control piston 88 
is biased to permit relatively short strokes of shuttle pis 
ton 66. As rods 30 and 32 are retracted from orifices 
34 and 36 and more fuel flows therethrough, the pres 
sure of the metered fuel increases and stroke control 
piston 88 moves to the left permitting relatively long 
strokes of shuttle piston 66 to distribute the additional 
fuel to cylinders 14. In this manner the desired air 
fuel ratio is obtained for all engine speeds. 

Stroke control piston 88 also has an accumulating ef 
fect to prevent pulsation in the fuel flow through the 
metering orifices 34 and 36. This accumulating effect 
permits fuel flow from housing 40 through a conduit 
90, and thus permits steady flow through orifices 34 
and 36. 
The fuel injection system also includes means for pro 

viding enrichment during acceleration. A piston 92, 
operated through a level arrangement 94 coincidentally 
with throttle valve 16, is adapted to increase the pressure 
of the metered fuel and force stroke control piston 88 
to permit relatively long strokes of shuttle piston 66. An 
unmetered quantity of fuel is thereby distributed by ro 
tor 60 and shuttle piston 66 to nozzles 70 for accelera 
tion enrichment. 
A choke valve 96 is also located in inlet 10 down 

stream of air valve 18. Choke valve 96 may be operated 
in the customary manner by an automatic control (not 
shown). The pressure differential measured by dia 
phragm 20 is measured across both air valve 18 and 
choke valve 96. During cold engine operating condi 
tions choke valve 96 closes, increasing the air pressure in 
inlet 10 between air valve 18 and choke valve 96. How 
ever, diaphragm 20 measures the pressure differential 
across both air valves 18 and choke valve 96, and thus 
opens air valve 18 wider than it would be opened for 
the pressure drop across air valve 8 alone. This al 
lows increased fuel flow through orifices 34 and 36. 
Thus, enrichment of the fuel and air charge is accom 
plished for cold engine operating conditions. 

It will be appreciated from the foregoing that this in 
vention provides a pressurized, non-recirculating fuel in 
jection system wherein an air valve fuel metering con 
trol and a shuttle piston type fuel distributor are com 
bined in an advantageous manner. The additional fea 
tures of a choke to control air valve position for cold 
enrichment, a manifold vacuum controlled fuel meter 
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ing orifice for power enrichment, a stroke control piston 
to control the quantity of injected fuel, and a compen 
sation piston to provide additional fuel for acceleration 
enrichment combine to enhance the efficiency of this fuel 
injection System. It will be appreciated that many of 
these features may be advantageously incorporated in 
other types of fuel systems. 
We claim: 

70 

4. 
1. A multiple cylinder internal combustion engine fuel 

injection system comprising an air inlet having an air 
valve to measure air flow, a pressurized fuel supply hav 
ing orifice means to meter fuel flow and having meter 
ing rod means controlled by said air valve to variably 
restrict fuel flow through said orifice means and having 
an outlet for fuel flow in a predetermined pressure range, 
and a fuel distributor including a stator and an engine 
driven rotor, said stator having a plurality of outlet pas 
sages to supply fuel to one of the engine cylinders at a 
predetermined pressure slightly lower than the pressure 
of said fuel supply outlet and having a cylindrical cavity, 
said fuel distributor further including a reciprocable shut 
tle piston dividing said cavity axially into two chambers, 
said stator additionally having two passages each extend 
ing to one of said chambers, passage means in said rotor 
to supply fuel from said fuel supply outlet to one of . 
said chambers and to distribute the fuel from the other 
of said chambers to one of said outlets whereby said 
shuttle piston is reciprocated to pump fuel from said 
other chamber as fuel is supplied to said one chamber, 
said passage means being adapted upon rotation of Said 
rotor to supply fuel to said chambers in sequence and 
to sequentially distribute fuel to each of said outlets. 

2. The system of claim 1 wherein said orifice means 
comprises an economy orifice and a power orifice to meter 
fuel flow, and which further includes a throttle disposed 
in said air inlet downstream of said air valve to control 
air flow and means responsive to relatively low pres 
sure in said air inlet downstream of said throttle to 
prevent fuel flow through said power orifice. 

3. The system of claim 1 wherein said fuel distributor 
further includes a stroke control piston and plunger con 
trolling the stroke of said shuttle piston, said stroke 
control piston having a portion biased by fuel pressure 
upstream of said orifice means to permit relatively short 
shuttle piston strokes and having a portion biased by 
fuel pressure downstream of said orifice means to per 
mit relatively long shuttle piston strokes whereby said 
stroke control piston and plunger are biased to permit 
relatively short strokes of said shuttle piston, and spring 
means biasing said stroke control piston and plunger 
to permit relatively long strokes of said shuttle piston, 
said orifice means and said stroke control piston and 
plunger being adapted in combination to regulate the 
amount of fuel supplied by said fuel distributor to the 
engine cylinders. 

4. The system of claim 3 which further includes a 
throttle in said air inlet to control air flow and means 
to temporarily increase the fuel pressure downstream of 
said metering means coincidentally with opening of said 
throttle whereby relative long shuttle piston strokes are 
permitted and unmetered accelerating fuel is supplied 
to the engine. 

5. A multiple cylinder internal combustion engine fuel 
injection system comprising an air inlet, a throttle in 
Said air inlet to control air flow, an air valve in said air 
inlet upstream of said throttle to control air flow, spring 
means exerting a closing force on said air valve, a pres 
Sure responsive diaphragm connected to said air valve, 
Said diaphragm having air pressure in said air inlet up 
stream of said air valve applied against one side and 
having air pressure in said air inlet between said air 
valve and said throttle applied against the opposing side 
whereby an opening force is exerted on said air valve, 
a pressurized fuel supply having economy and power 
orifices to meter fuel flow, metering rods controlled by 
said air valve to variably restrict said orifices, means re 
sponsive to relatively low pressure in said air inlet down 
stream of said throttle to prevent fuel flow through said 
power orifice, a fuel distributor including a stator and 
an engine driven rotor, said stator having a plurality of 
outlets each adapted to Supply fuel to one of the engine 
cylinders and having a cylindrical cavity, said fuel dis 
tributor further including a reciprocable shuttle piston 
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dividing said cavity into two chambers, means in said 
rotor to supply fuel from said fuel supply to said cham 
bers in sequence whereby said shuttle piston recipro 
cates to pump fuel from one chamber as fuel is supplied 
to the other chamber, and additional means in said rotor 
to distribute the fuel pumped during one stroke of said 
shuttle piston to one of said outlets and to sequentially 
distribute fuel to each of said outlets, said fuel dis 
tributor also including a plunger controlling the stroke of 
said shuttle piston, a spring biasing said plunger to per 
mit relatively long shuttle piston strokes, a stroke control 
piston associated with said plunger, said stroke control 
piston having a portion biased by fuel pressure upstream 
of said orifices to permit relatively short shuttle piston 
strokes and having a portion biased by fuel pressure 
downstream of said orifices to permit relatively long shut 
tle piston strokes whereby said stroke control piston and 
plunger are biased to permit relatively short shuttle pis 
ton strokes, and a compensator piston operated coin 
cidentally with opening of said throttle to temporarily 
increase the fuel pressure downstream of said orifices 
whereby relatively long shuttle piston strikes are per 
mitted and unmetered accelerating fuel is supplied to the 
engine cylinders. 

6. A system for supplying a mixture of fuel and air to 
an internal combustion engine comprising an air inlet, a 
throttle in said inlet to control air flow, a fuel inlet hav 
ing economy and power orifices to meter fuel flow, said 
fuel inlet having an annular chamber connected to said 
economy orifice and including a boss extending partially 
into and concentric with said annular chamber, said boss 
having a concentric passage extending from said cham 
ber to said power orifice, the end of said boss forming a 
valve seat surrounding said passage, a first flexible dia 
phragm extending across the end of said annular cham 
ber and cooperating with said valve seat to separate said 
chamber from said passage and prevent fuel flow from said 
chamber through said passage, and a second flexible dia 
phragm connected to said first diaphragm and respon 
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sive to relatively high pressure in said air inlet down 
stream of said throttle to permit movement of said first 
diaphragm away from said valve seat to allow fuel flow 
from said chamber through said passage. 

7. Means for supplying a mixture of fuel and air to 
an internal combustion engine comprising an air inlet, 
an air valve rotatably mounted in said air inlet to con 
trol air flow, a fuel inlet having means controlled by 
said air valve to increase fuel flow as said air valve 
opens to increase air flow, a pressure responsive dia 
phragm connected to said air valve, said diaphragm 
having air pressure in said air inlet upstream of said 
air valve applied thereagainst in an air valve opening 
direction and having air pressure at a location in said 
air inlet downstream of said air valve applied there 
against in an air valve closing direction whereby said air 
valve is biased in an air valve opening direction, spring 
means biasing said air valve in an air valve closing di 
rection whereby a tendency to maintain constant pres 
sure differential across said air valve is created, and a 
choke valve rotatably disposed in said air inlet inter 
mediate said air valve and said air inlet location down 
stream of said air valve whereby the pressure at said 
location is decreased as said choke valve closes to cause 
said diaphragm to open said air valve and increase fuel 
flow. 
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