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@ High pressure fuel injection system.

@ The high pressure fuel injection system utilizes a pressure regulating or control valve (28) in an
injector leak-off fuel conduit (26) to provide a high residual pressure within the injector (5) between
injections. Maintaining a high residual fuel pressure boosts the injection pressure to provide improved
fuel atomization, with consequent reductions in particulate emissions and increased fuel efficiency. The
pressure regulating valve (28) may be controlled in accordance with engine operating conditions to
provide a variable injection pressure boost commensurate with engine requirements.
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HIGH PRESSURE FUEL INJECTOR SYSTEM

The present invention relates generally to fuel
injection systems for internal combustion engines,
and moare particularly to a high pressure fuel injection
system for diesel engines.

Fuel injection is used in both diesel and gasoline
fueled internal combustion engines in view of the pre-
cise control of fuel delivery obtainable, optimizing fuel
timing and metering with a consequent improvement
in engine efficiency. A typical fuel injection system
includes a fuel supply tank, a fuel supply pump (low
pressure), an injection pump (high pressure), at least
one fuel injector and a contro! system. Pressurized
fuel is supplied by the injection pump to a chamber
located within the injector, adjacent to a discharge
spray nozzle having one or more spray orifices. Such
a fuel injector typically includes a spring biased valve
at the entrance to the spray orifices and a fuel leak-off
conduit which returns leakage fuel to the fuel tank to
prevent pressure build up within the spring chamber
which would detrimentally affect injector perform-
ance.

in diesel engines, a problem exists with particu-
late emissions which are generated over a wide range
of engine speeds. Such particulates are usually com-
posed of either carbonaceous solids, condensed
and/or adsorbed hydrocarbons, or sulfates, with the
solids component of such emissions correlated to
smoke opacity. These particulates are formed in the
fuel rich regions within a combustion chamber and are
believed to result principally from low pressure fuel
injection which produces poor fuel atomization. While
over 95% of the particulates formed are subsequently
burned as mixing and combustion continues in the
combustion chamber, the remaining 5% is discharged
in the engine exhaust to the atmosphere.

While increased injection pressures can reduce
both particulate emissions and fuel consumption, it is
difficult to achieve the proper injection pressures over
a wide range of engine speeds and loads. Generally,
an injection pump provides a lower rate of fuel delivery
at low speeds and a higher rate of fuel delivery at high
speeds. Since the typical injector nozzle is a fixed
orifice, the varying injection rate resuits in a variation
in injection pressure. At low speed, the injection
pressure is low and at high speed it is high. However,
both a naturally aspirated and a turbo charged engine
need equal or higher injection pressure at speeds and
loads lower than rated for good mixing and combus-
tion. The injection system, pump and nozzle orifice
size are designed around the maximum pressure and
flow quantity required at the maximum rated engine
conditions. Since this occurs at the maximum load
and speed condition, such injection systems gener-
ally operate to provide less than optimal output at
other engine speeds and loads, thereby reducing

10

15

20

25

30

35

40

45

50

55

combustion efficiency and increasing the amount of
particulate emissions.

One solution to this problem involves modifying
the pump to provide higher pressures at low speed
conditions. However, this can result in very high
pressures at high speed conditions which would over-
stress the injection system and deteriorate engine
performance. A pressure relief device may be pro-
vided in the high pressure fuel supply tube to relieve
the excess pressure. However, the pump design then
becomes’ more complicated, especially with a multi-
ple injection system. To insure proper fuel distribution
to each engine cylinder would require a separate
pressure relief device due to the sequential injection
requirements of the engine. Such a compliex system
would significantly increase the cost of an injection
system with a probable decrease in reliability. Utilizing
a pressure relief device also reduces pumping effi-
ciency by bleeding off varying quantities of press-
urized fuel.

Consequently, what is needed in the art is a fuel
injection system which provides higher injection
pressures over a wide range of engine speeds and
loads without overly complicating the injection system
or unduly sacrificing pump efficiency.

SUMMARY OF THE INVENTION

The present invention boosts the injection press-
ure over a predetermined range of engine speed and
load conditions by selectively increasing the residual
pressure in the injector and associated conduits. The
residual pressure is increased by means of pressure
influencing means such as a pressure regulating
valve disposed in the injector leakage return conduit.
in a preferred embodiment, the pressure influencing
means is controlled in accordance with engine operat-
ing conditions, particutarly inlet manifold pressure,
load and/or speed to provide a residuai pressure and
hence an injection pressure boost commensurate
with the particular requirements of the engine.

it is accordingly a primary object of the present
invention to provide a fuel injection system which
increases fuel injection pressure over a range of
engine inlet manifold pressure, and speed conditions
to reduce particulate emissions and increase fuel effi-
ciency.

Afurther object of the invention is to provide a fuel
injection system as described which optimizes pump-
ing efficiency.

Another object of the invention is to provide a fuel
injection system as described which employs sub-
stantially conventional fuel injection pumps and injec-
tors and is accordingly economical to manufacture
and install.
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Additional objects and advantages of the inven-
tion will be more readily apparent from the following
description of preferred embodiments thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic illustration of a first embodi-
ment of a high pressure fuel injection system in
accordance with the prevent invention ;

Figs. 2a and 2b are graphical illustrations of two
typical pumping cycles for a fuel injection system
at high and low fuel requirements, respectively ;
Figs. 3a and 3b are graphical illustrations of the
beneficial effects of the increased residual press-
ure provided by the high pressure fuel injection
system of the present invention on two pumping
cycles at high and low fuel requirements, respect-
ively ;

Fig. 4 is a schematic illustration of a second
embodiment of a high pressure fuel injection sys-
tem in accordance with the invention ;

Fig. 5 is a schematic illustration of a third embo-
diment of a high pressure fuel injection system in
accordance with the invention ;

Fig. 6 is an enlarged sectional view of the circled
portion of Fig. 5 ;

Fig. 7 is an enlarged sectional view of the upper
end of the injector of the system shown in Fig. 5;
Fig. 8 is an enlarged sectional view taken along
line 8-8 of Fig. 5 showing details of the fuel press-
ure regulating valve ;

Fig. 9 is a graphical illustration showing injection
pressure as a function of speed for no load, part
load and full load conditions for a conventional
pump and showing in a broken line the desired
injection pressure for all loads as a function of
speed ;

Fig. 10 is a graphical illustration showing achiev-
able injection pressure for all loads as a function
of speed for a pump equipped with the present
invention ;

Fig. 11 is a graphical illustration showing manifoid
pressure as a function of speed from no load to
full load conditions for a typical diesel engine ;
and

Fig. 12 is a graphical illustration showing regu-
lated supply pressure or a function of speed from
no load to full load as utilized in the present inven-
tion to control the injector pressure influencing
device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to Fig. 1, a fuel injection system is
schematically shown illustrating the basic compo-
nents of an embodiment of the present invention.
While most applications will involve multiple injectors,
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a single injector system is shown to illustrate the feat-
ures and advantages of the present invention while
avoiding undue complexity. The engine for which this
system provides fuel delivery is not shown, but com-
prises a piston type diesel engine having a combus-
tion chamber into which the system injects a spray of
fuel at timed intervals.

Referring to Fig. 1, an injection pump 1 includes
a metering plunger 2 which is reciprocally and rotat-
ably movable within a barrel 3. For illustrative pur-
poses, the pump 1 is a diesel fuel injection pump such
as a model 300 pump produced by AMBAC Inter-
national, Columbia, South Carolina. The pump 1,
which is driven by the engine, supplies fuel 4 to an
injector § through a fuel injection tube 6. The fuel is
delivered at a regulated low pressure to a fuel sump
7 of the pump 1 by a supply pump 8 which is connec-
ted to a fuel supply tank 9. When the plunger 2 is at
the bottom of its stroke, fuel enters the barrel chamber
11 above the plunger through an inlet port from sump
7. The rising plunger closes the inlet, initiating fuel
delivery under high pressure to the injection tube 6.
Fuel delivery ends when the helical slot 10 of the
plunger communicates with a spill port. Rotation of the
plunger by the control rack controls duration of injec-
tion and hence fuel metering by varying the effective
pumping stroke of the plunger. Rapid reciprocal
movement of the plunger accordingly delivers high
pressure metered pulses of fuel to the injector 5
through the injector tube 6. A check valve 12 is dis-
posed in the entrance to the injection tube 6 to prevent
back flow from the injector 5 to the pump 1, and
thereby prevents the residual injector pressure from
bleeding off through the pump. The check valve 12
must have no retraction volume and no seat leakage.

The injector 5 includes a body 13, and an injector
valve 14 which is reciprocally movable within a fuel
pressure chamber 15 within the injector 5, with a fuel
duct 16 providing fluid communication between the
chamber 15 and the injection tube 6. The injector 5
may, for example, be a diese! fuel injector such as a
model NHM 780352, sold by AMBAC International,
Columbia, South Carolina. A spring 17 is disposed
within a spring chamber 18 and resiliently biases the
valve 14 downwardly. The valve 14 includes a valve
end 19 which mates with a valve seat 20, together
comprising a valve assembly 21. Below the valve
assembly 21 is a spray chamber 22 which includes
one or more spray orifices 23. The valve 14 also
includes a beveled face 24 located on a portion of the
plunger disposed in the pressure chamber 15. A
clearance 25 between valve 14 and the injector body
permits reciprocating movement of the plunger and,
due to the high pressure in the pressure chamber 15,
also provides a leakage path for fuel into the spring
chamber 18. A supplemental leakage path between
high pressure duct 16 and spring chamber 18 can also
be provided in the form of a small orifice. This can
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improve leakage control and residual pressure gener-
ation rate. A fuel return or leak-off tube 26 provides
means for returning the leakage portion of the deliv-
ered fuel to the fuel supply tank 9.

A pressure influencing device 28, preferably a
regulating valve, is disposed within the return tube 26
and variably restricts the return fuel fiow, thereby vari-
ably controlling the residual pressure within the spring
chamber 18, pressure chamber 15, duct 16 and injec-
tion tube 6. While a regulating valve is preferred, other
pressure influencing devices may also be used.

In operation, the injection pump 1 is engine driven
and provides periodic pressurized pulses of metered
fuel to the injector pressure chamber 15 through the
injection tube 6 and injector duct 16. Each pressure
pulse causes a pressure build up in the chamber 15,
which acts against the valve face 24 of the plunger 14
in opposition to the valve closing force of spring 17.
When the pressure in chamber 15 is sufficient to over-
come the spring bias, the plunger 14 is lifted, opening
the valve assembly 21 and allowing pressurized fuel
to pass through the spray chamber 22 to the orifices
23, During the injection interval, when the pressure in
chamber 15 is high, fuel leaks through the clearance
25 and/or alternate orifice path into the spring cham-
ber 18. To prevent uncontrolled pressurization of the
spring chamber 18, which eventually would alter the
injector opening and closing characteristics, this
leaked fuel is passed through the spring chamber 18,
through the conduit 27 and the return tube 26, to the
fuel supply tank.

In a conventional fuel injection system, the initial
delay in vaive closing, leakage through clearance 25
and the retraction volume of the check valve 12 com-
bine to reduce the residual pressure between injec-
tions to a very low pressure. Referring to Figs. 2a and
2b, conventional pressure curves for a single injection
cycle are shown for fwo different fuel requirements.
From Fig. 2b, it is seen that at a requirement of 30 cu
mm, the injection pressure begins at substantially
zero, rises to about 5 kpsi, and then drops back to sub-
stantially zero. Such low pressure fuel injection,
caused in large measure by the low residual pressure,
results in reduced combustion efficiency and
increased particulate emissions.

By the addition of pressure influencing device 28,
preferably a regulating valve, in the fuel return tube
26, and the use of a zero retraction volume check
valve 12, the pressure of the fuel in the injection tube
6, duct 16, injector chamber 15 and the spring cham-
ber 18 can be increased to provide a residual press-
ure which is greater than the conventional nozzle
opening pressure. Consequently, the entire injection
cycle pressure curve is shifted higher, providing
higher pressure injection independent of speed over
all engine ranges. Such high pressure injection
increases atomization, improving mixing within the
combustion chamber and thereby reducing particu-
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late formation and emissions.

The increase in residual pressure acting in the
spring chamber 18 against the upper end of the
plunger face 29 more than offsets the effect of the
pressure boost on the valve face 24 in the injector
pressure chamber such that the valve assembly
opening and closing rates respond mainly to spring
pressure variations, with only a small deviation effec-
ted by the increased residual fuel pressure. This
allows utilization of conventionally designed fuel
injectors without altering spring settings, and with little
increase in impact seatloading at nozzle closing even
though the nozzle closing pressure has been sub-
stantially increased.

Referring to Figs. 3a and 3b, the stepped up
pressure curves are shown for an injection system
incorporating the present invention which provides a
residual pressure between injections of substantially
10 kpsi. From the graph of Fig. 3a, it is seen thatata
fuel requirement of 30 cu mm, the fuel is injected at
pressure in excess of 25 kpsi. The residual pressure
between injections is a function of the reguiated
pressure in the spring chamber 18.

While a simple self-contained pressure regulating
valve, which senses residual pressure and responds
by variably restricting the fuel return flow, couid be
used to deliver a constant boost in injection pressure
over the full range of engine speeds, a remotely con-
trolled valve may also be used, actuated by an engine
control system which monitors and controls engine
operation, thereby optimizing the reduction in particu-
lates and maximizing fuel economy. Of course, the
choice of pressure influencing device and degree of
control desired will vary with each particular appli-
cation.

A particular advantage of the present invention is
that, where compatible with engine design, a single
pressure influencing device could be used to boost
the residual pressure in a multiple injection system.
The return tubes could be connected to a common
return tube which includes the valve or pump, to boost
the residual pressure boosted of all the injectors. This
significantly simplifies the modifications required in
the injection system as well as the control system
requirements.

While the injection system of the present inven-
tion is described in relation to a separate pump and
injector system, it will be understood by those skilled
in the art that this invention is equally applicable to
unitary injectors which employ integral pumps.

In Fig. 4, a modified system in accordance with
the invention is schematically illustrated for control-
ling residual pressure within the injector and related
conduits between injections. In this embodiment,
means are provided for variably controlling the resi-
dual pressure in response to engine operating condi-
tions, particularly load and speed.

The embodiment of Fig. 4 is similar to the system
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shown in Fig. 1 and includes a pump 1 and injector 5
of the same type shown in Fig. 1. As with the prior
embodiment, the pump 1 is provided with a check
valve having no retraction volume. Fuel from a fuel
supply tank 9 is pumped by the supply pump 8 into the
injection pump 1 and the injection pump plunger (not
shown) which is as shown in Fig. 1, pumps timed and
metered pulses of fuel at high pressure through the
injection tube 6 into the injector duct 16 from which it
flows into the chamber 15 to lift the injector plunger 14
against the force of the spring 17 in spring chamber
18. Upon opening of the plunger, pressurized fuel
passes through the spray orifices 23 into the engine
cylinder. Leakage along the plunger clearance 25 into
the spring chamber 18 is returned to the fuel tank 9
through the return tube 26, the flow through tube 26
passing through pressure influencing device 28 which
in the embodiment of Fig. 4 comprises a piston type
pressure regulating device. This device includes a
closed cylindrical chamber 30 within which is slide-
ably disposed a piston 32. A valve element 34 extends
from one side of the piston 32 and is cooperatively dis-
posed with respect to a valve seat 36 leading to a port
38 communicating with the return tube portion 26a.
The piston 32 divides the cylinder 30 into closed
chambers 30a and 30b, the chamber 30b receiving
fuel through the port 38 past the variable orifice be-
tween valve element 34 and valve seat 36. The cham-
ber 30b is maintained at a low substantially
atmospheric pressure by connection to the fuel tank
by means of return tube portion 26b. Chamber 30a is
connected by bleed tube 31 having a restricted orifice
31b to the return tube 26b. The diameter of the piston
32 is substantially larger than the diameter of the
valve seat 36, and in a preferred embodiment the ratio
of the resultant areas is approximately 200 :1. The
residual pressure in the spring chamber 18 would be
in this same ratio to the pressure in the chamber 30a.

In the embodiment of Fig. 4, the chamber 30a of
the device 28 is connected by conduit 40 to a port 42
of the injection pump communicating with the regu-
lated output pressure of the supply pump 8 which typi-
cally provides a substantially constant fuel pressure at
port 42 of approximately 50 psi. A pressure regulating
valve 44 is interposed in the conduit 40 between the
port42 and the device 28 to control the pressure in the
chamber 30a in accordance with at least engine load
and possibly engine speed depending on the needs
of the particular system. The regulating valve 44
includes a valve seat 46 and valve element 48
cooperating therewith and carried by piston 50 which
is biased by spring 52 toward the valve seat. The
spring 54 at its end opposite the piston 50 bears
against a slideable spring seat 54 connected by link
56 to one end of lever 58. The lever 58 is centrally
pivoted at 60 to a slideably mounted member 62 which
is moveable in a direction substantially parallel to the
movement of the piston 50 of valve 44. At its opposite
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end from the connection to link 56, the lever 58 is
pivotally connected to a link 64 which in turn is pivot-
ally connected to the fuel control rack 66 of the pump
1. As viewed in Fig. 4, movement of the rack 66 to the
right results in increased fuel delivery of the pump,
while 2 movement to the left would produce a dec-
reased fuel delivery.

With the arrangement described, it can be
appreciated that movement of the fuel confrol rack 66
to the right to produce a greater torque output of the
engine will result in a clockwise rotation of the lever
58 and consequently a leftward movement of the
spring seat 54, thus effectively increasing the spring
force of spring 52 and lowering the regulated pressure
of chamber 30a of the device 28. This will cause a left-
ward movement of the piston 32 and an increased
opening of the valve member 34 and a consequent
reduction in the pressure in return tube portion 26a,
spring chamber 18 and the pressure chamber 15 as
well as duct 16 and injection tube 6.

Conversely, a movement of the fuel rack 66
toward a decreased fuel position will result in a coun-
terclockwise movement of lever 58, a rightward move-
ment of spring seat 54 and a higher output pressure
from the valve 44, thus producing a higher pressure
in chamber 30a, a rightward movement of piston 32
and valve 34 and a consequent increase in residual
pressure in return tube 26, spring chamber 18, press-
ure chamber 15 and associated conduits. The regu-
lated pressure output range of the valve 44 might
typically vary from O to 50 psi which, if a 200 :1 ratio
of the device 28 were provided, would result in a resi-
dual pressure range of approximately 0-10,000 psi in
the spring chamber 18. The ranges are of course by
way of example and could be readily varied as neces-
sary to suit the requirements of the particular system
installation.

In certain situations, for example those engines
having little torque back-up, the injection pump will
generate less than desired injection pressure with the
rack at full load. For such engines, a speed function
is desirably added to influence the regulator valve 44.
As illustrated in the system shown schematically in
Fig. 4, an electronic speed sensor 70 is provided
associated with the injector pump drive shaft which is
coupled to the engine crankshaft. The speed sensor
through amplifier and logic circuits 72 and switching
circuits 74 controls solenoid 76 of a solenoid valve 78.
The valve 78 selectively controls the movement of
pressurized air through conduits 80 to an air cylinder
82, the piston rod 84 of which is connected to the
slideable member 62 on which the lever 58 is pivotally
mounted at 60. In order to provide an increased injec-
tion pressure boost in a predetermined speed range,
the sensor 70 upon sensing speed entry into the
range will through the circuits 72 and 74 energize sol-
enoid 76 to actuate cylinder 82 and move the pivot
point 80 of the lever 58 rightwardly to a new position,
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for exampie 60, as illustrated in Fig. 4. This will effec-
tively increase the pressure output of pressure regu-
lating valve 44 and thus the residual pressure in the
injector without affecting the influence of the load
sensing mechanism (lever 58, links 56, 64) on the
valve.

In order to enhance the transfer of leakage fuel
from the clearance 25 to the spring chamber, a hole
86 is provided in the injection spacer 87. In addition,
the clearance 25 may be increased slightly from the
conventional practice of 80-120 millionths to a
approximately 110-150 millionths. The resultant slight
increase in the leakage into the spring chamber will
result in a faster response of the system to the press-
ure regulator.

A further embodiment of the invention is shown in
Figs. 5-8. In this embodiment, the pressure influenc-
ing device 28 is incorporated into the upper end of the
injector body. The pressure regulating valve 44’ com-
prises a spool type valve controlied principally by
engine intake manifold pressure to modulate the fuel
supply pressure which in turn controls the pressure
influencing device 28'. As shown in Fig. 11, in most
turbo charged engines ; manifold pressure is a func-
tion of load.

With reference to the schematic view of Fig. 5, the
fuel injection pump 1’ is provided with & mechanical
governor 90 of an essentially conventional construc-
tion. The pump 1’ is equipped with check valves hav-
ing no retraction volume. The high pressure fuel
outiets of the pump 1’ are connected with a plurality
of injectors 5’ by means of injection tubes 6. For sim-
plicity, only one injector 5’ and one injection tube 6 is
shown in Fig. 5. The injection pump 1’ is supplied with
fuel from a fuel tank 9, the fuel being delivered to the
pump plungers by an internal fuel supply pump (not
shown) in a conventional manner. The fuel supply
pump maintains a substantially constant output press-
ure of approximately 50 psi, which supply pump out-
put pressure is made available for use by the
regulating valve 44’ at a port 42 of the injection pump
as in the previously described embadiment. This sup-
ply pressure is directed by a conduit 92 to the regu-
lating valve 44’ which is mounted on the end of the
governor 90. The regulated pressure from the regulat-
ing valve 44 is transmitted by way of conduit 40 to the
injector 5' and by way of internal injector conduit 40a
to the pressure influencing device 28.

As indicated, the regulating valve 44’ is controlled
principally by the engine intake manifold pressure,
and for this purpose a conduit 94 is provided for deli-
vering the intake manifold pressure to the valve 44'.
A drain line 96 connects the valve 44’ with the tank for
a purpose which will become evident from the follow-
ing description of the regulating valve details.

The injector 5' is basically conventional other
than the addition of the device 28’ and accordingly
bears the same reference numerals as the previous
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embodiments. One departure from the previous
embodiments is the substitution of a bleed orifice 88
connecting the spring chamber 18 with the injector
duct 16. This arrangement eliminates the need for the
increased clearance between the valve needle and
injector body described in the embodiment of Fig. 4.

The details of the pressure influencing device 28’
disposed within the upper end of the injector 5' are
shown in Fig. 7 wherein it may be seen that the device
28’ is disposed within a bore 98 in the upper end of
the valve body. The device 28’ essentially comprises
a diaphragm valve including a rolling diaphragm 100
which is clamped between upper valve member 102
and lower valve member 104. The valve members are
aligned by aligning pins 106 and are sealed within the
bore 98 by lower seal ring 108 and upper seal ring
110. A threaded plug 112 in bore 114 bears against
the seal ring 110 to sealingly clamp the valve assem-
bly in position.

A valve needle 116 is secured at its upper end to
the diaphragm 100 and is slidingly disposed within a
bore 118 in the lower valve member 104. At its lower
end, the valve needle 116 cooperates with a valve
seat 120 to regulate flow through a passage 122
which connects with the spring chamber leak-off con-
duit 27.

The chamber 124 beneath the diaphragm 100 is
vented to atmospheric pressure by means of passage
126 in the valve body. The chamber 128 is supplied
with the regulated supply pump pressure directed to
the injector through conduit 40. The conduit 40 con-
nects with the internal conduit 40a which opens into
the annulus 130 between the lower valve member 104
and the end of the bore 98. The annulus 130 is con-
nected with the chamber 128 above the diaphragm
100 by means of passage 132. Leak-off fuel which
passes from the leak-off conduit 27 through passage
122 flows through passage 134 into the annulus 130.

The device 28’ functions in the same manner as
the device 28 described in the embodiment of Fig. 4.
The regulated fuel supply pressure which is modu-
lated in accordance with engine operating conditions
actuates the diaphragm valve against the reference
atmospheric pressure to regulate the leak-off conduit
pressure. The device 28' differs from the device 28 in
that the fuel which passes through the valve instead
of passing into the line to tank, passes into the regu-
lated supply pressure conduit. This fiow is small, and
as will be described, there is a bleed to drain in the
regulated fuel supply line which is necessary to permit
rapid response of the device 28’ to changing engine
operating conditions.

The reguilating valve 44’ is shown in detail in Fig.
8 and includes a valve body 136 having a valve bore
138 extending partway therethrough. A valve spool
140 is slideably disposed in the bore 138 and is
biased to the right as viewed in Fig. 8 by a spring 142
disposed within the threadedly mounted outlet fitting
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144. The left hand end of the bore 138 is connected
to the drain line 96 to tank by means of threaded bore
146 in the fitting 144.

The position of the plunger 140 is controlled by a
connecting rod 148 slideably disposed within pas-
sage 150 of the valve body 136. The control rod 148
extends into a bore 152 aligned with the bore 138 and
bears against a diaphragm 154 which is secured to
seal off the bore 152 by the diagragm retaining spacer
166 which in turn is held in place by the threaded out-
let fitting 158. The threaded outlet port 160 of the fit-
ting 158 is connected with the conduit 94 leading to
the engine intake manifold. The diaphragm 154 is
accordingly exposed to engine intake manifold press-
ure on the right side as viewed in Fig. 8. The left side
of the diaphragm is connected to drain by means of a
shunt orifice 162 leading from bore 152 to internal
drain passage 164 in the valve body 136 which com-
municates with the left hand end of the bore 138 and
hence the drain line 96 to tank. The position of the
plunger 140 will accordingly be determined by the
engine intake manifold pressure which is substantially
proportional to engine load.

The plunger 140 includes an annulus 166 forming
a shoulder 168 along the right side thereof. An internal
passage 170 in the plunger connects the annulus 166
with the right hand end of the bore 138.

An annulus 172 in the valve body around the bore
138 connects with a conduit 174 and threaded outlet
176 to the fuel conduit 92 connected with the fuel sup-
ply pump at 42. A slight movement of the diaphragm
154 to the right in response to a decreasing manifold
pressure will permit the plunger to move under the
force of spring 142 to the right, allowing shoulder 168
to pass the edge of the annulus 172 and permitting the
fuel supply pump pressure from conduits 92 and 174
to pass into the plunger annulus 166 and thence
through passage 170 to the right hand end of the bore
138. A conduit 178 in communication with the right
hand end of the bore 138 ieads to threaded outlet 180
which is connected to the conduit 40 and thence to the
injector to modulate the pressure controlling the
device 28'. A shunt orifice 182 connects the passage
178 with the drain passage 164 and by providing a
continual bleed to drain allows the plunger to move
responsively to manifold pressure changes.

Although the regulating valve 44' is primarily
engine load responsive, means are provided to over-
ride the manifold pressure control at low engine
speed. This means comprises a passage 184 leading
from the annulus 172 to a bore 186 extending trans-
versely to the bore 138. A further passage 188 con-
nects the bore 186 with the bore 152. A speed sensing
valve element 190 is slideably disposed in the bore
186 as shown in Fig. 5 and is baised to the right by a
spring 192 bearing against a plug 194 at the left end
of the bore 186. The valve element 190 includes an
extension 196 which passes through a bore 198 in the
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governor housing. The end 200 of the extension
engages the lower end of the governor fulcrum lever
202, the position of which is substantially dependent
on engine speed, being dictated primarily by the posi-
tion of flyweights 204, Upon collapse of the flyweights
at low speed, the governor spring 206 moves the bot-
tom of the fulcrum lever to the right as viewed in Fig.
5 and the valve 190 follows this movement under the
influence of spring 192, thereby allowing the left end
190a to open communication between the passages
184, 188 and the bore 186. This permits fuel at supply
pump pressure to pass into the bore 152 behind the
diaphragm 154, thus moving the diaphragm to the
right against manifold pressure and allowing the
plunger 140 to also move to the right thereby increas-
ing the modulated fuel pressure in the conduit 40 and
hence in the device 28'.

The speed sensing valve element 190 accord-
ingly provides an override of the manifold pressure
acting on diaphragm 154 at low speed conditions.
This speed sensing vaive is an optional feature of the
regulating valve 44’ and should only be needed for
certain types of engines, such as those having little
torque back-up.

The graphs of Figs. 9-12 illustrate the manner in
which the invention and particularly the embodiment
of Figs. 5-8 can be employed to produce the desired
high injection pressure over the full speed range of the
engine. In Fig. 11, it can be seen that the manifold
pressure for a conventional turbo charged engine
varies as a function of load, and secondarily of speed.
Accordingly, as shown in Fig. 12, the regulated press-
ure obtained from the regulating valve 44’ varies
inversely with load and speed and accordingly will
provide a higher boost to the residual pressure in the
injector through the device 28’ at low speed and low
load conditions.

As shown in Fig. 9, this is exactly what is needed
in the conventional injection system since it is usually
only at full load and rated speed that the desired high
injection pressures are obtained. Although the inven-
tion could be utilized in the manner shown in Figs. 2
and 3 to boost the injection pressure for all load con-
ditions, this can result in higher than desirable injec-
tion pressures at full load and rated speed.
Accordingly, it is preferable to tailor the boost pro-
vided by the invention to provide appropriately higher
increases in injection pressure at lower loads and
lower speeds.

In Fig. 10, the result achieved by utilizing the
invention is illustrated wherein the desired substan-
tially constant high injection pressure is obtainable
over the full load and speed range of the engine. This
results in excellent fuel atomization and a minimumi-
zation of particulate emissions for all engine operating
conditions.

An advantage of the injector embodiment shown
in Fig. 5 is the location of all of the high pressure
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chambers and passages within the injector body. Fur-
thermore, the leak-off passage, which in moderne
four-valve engines is built into the engine casting, can
be utilized for the regulated fuel conduit 40, eliminat-
ing the need for any additional plumbing.

As was the case with the embodiment of Fig. 1,
the embodiments of Figs. 4 and of Figs. 5-8, although
shown with a single injector, may obviously be
employed in a multi-injector system. The pump illus-
trated in Figs. 4 and 5 in fact has three outlet ports for
use with a three injector system.

Should the system of Fig. 4 be used in a multi-
injector system, there may either be a separate press-
ure influencing device 28 for each injector return tube
26, or in each injector conduit 27, or the injector return
tubes can all be regulated by a single pressure
influencing device 28.

From the foregoing, it can be appreciated that the
present system is readily adaptable for use with con-
ventional injection system components, there being
little or no modification required to the injection pump
or the injectors, and no modification required to the
engine.

Although mechanical arrangements are shown in
the embodiments of Figs. 4 and Figs. 5-8 to modify the
pressure influencing device in accordance with
engine load, it would be obvious that such function
could be equally well accomplished by electronic con-
trols.

Manifestly, changes in details of construction can
be effected by those skilled in the art without departing
from the invention.

Claims

1. Afuel injection system for providing a controllable
residual fuel pressure within a fuel injector be-
tween injections, characterized by :

fue! delivery means connected to a fuel
supply ;

injector means for periodically injecting a
fuel into an engine ;

conduit means connecting said fuel deliv-
ery means with said injection means for delivery
of fuel thereto ;

back flow prevention means, disposed be-
tween said fuel delivery means and said conduit
means to prevent back flow to said fuel delivery
means ;

fuel return means for returning a portion of
said delivered fuel to said fuel supply ; and,

pressure influencing means disposed
within said fuel return means, for variably confrol-
ling the residual fuel pressure within said injector
means and said conduit means between said
periodic injections.
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2, The fuel injection system of claim 1 wherein said
pressure influencing means comprise a valve
which variably restricts the amount and rate of
fuel return.

3. The fuel injection system of claim 2 wherein said
valve is a pressure regulating valve which senses
the residual pressure within the injection means
and responds thereto, providing an essentially
constant residual pressure between injections.

4. The fuel injection system of claim 2 further com-
prising engine control means which monitor and
control the engine operation, wherein said valve
is responsive to a control signal issued from said
control means.

5. The fuel injection system of claim 1 wherein said
pressure influencing means comprise a pump.

6. The fuel injection system of claim 5 further com-
prising engine control means which monitor and
control the engine operation, wherein said pump
is responsive to a control signal issued from said
control means.

7. Afuelinjection system for providing a controllable
residual fuel pressure within a fue! injector be-
tween injections, characterized by :

a fuel injection pump connected to a fuel
supply ;

at least one fuel injector for periodically
injecting fuel into an engine ;

conduit means connecting said fuel injec-
tion pump with said fuel injector for delivery of fuel
thereto ;

a check valve disposed between said fuel
injection pump and said conduit means to prevent
fuel back flow to said fuel injection pump ;

fuel return means for returning leakage
fuel from said injector to said fuel supply ;

pressure influencing means disposed
within said fuel return means for controlling fuel
pressure within said fuel retum means in accord-
ance with engine load, an increase in pressure
within said fuel return means producing a comre-
sponding increase in residual pressure within
said injector and said conduit means, said press-
ure influencing means comprising a variable
orifice valve.

8. The invention as claimed in Claim 7, including
means in said injector for enhancing the response
of said pressure influencing means.

9. The invention as claimed in Claim 8, wherein said
injector comprises an injector plunger slidably
disposed in close fitting relation within the injector
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body, and wherein said means for enhancing the
response of said pressure influencing means
comprises an increased clearance between said
injector plunger and body to increase the flow of
leakage fuel therebetween.

The invention as claimed in claim 7, wherein said
means for enhancing the response of said press-
ure influencing means comprises a bleed orifice
between said conduit means and said fuel return
means.

The invention as claimed in Claim 8, wherein said
variable orifice valve comprises a piston-cylinder
type valve wherein a piston divides a closed cyli-
nder into first and second chambers, said first
chamber communicating with said fuel supply, a
port in said first chamber connected to said fuel
return means, a valve seat associated with said
port and a valve element carried by said piston for
regulating leakage fuel flow through said port in
accordance with the piston position in said cylin-
der, said second chamber being connected with
a source of regulated presssurized fuel, and
means for regulating said source of regulated
pressurized fuel in accordance with engine load.

The invention as claimed in Claim 11, wherein
said latter means comprises a pressure regulat-
ing valve linked to the controi rack of said injection
pump.

The invention as claimed in Claim 11, wherein
said fuel injection pump comprises a fuel supply
pump, and wherein said source of pressurized
fuel comprises said fuel supply pump.

The invention as claimed in Claim 7, including
means for sensing engine speed, and means for
controlling said variable orifice valve as a function
of engine speed.

The invention as claimed in Claim 11, including
means for sensing engine speed, and means for
controlling said pressure regulating valve as a
function of engine speed.

A fuel injection system for selectively controlling
the residual fuel pressure within a fuel injector be-
tween injections to thereby selectively increase
the fuel injection pressure produced by the injec-
tor, characterized by :

a fuel injection pump connected to a fuel
supply ;

at least one fuel injector for periodically
injecting fuel into an engine ;

conduit means connecting said fuel injec-
tion pump with said fuel injector for delivery of fuel
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thereto ;

a check valve disposed between said fuel
injection pump and said conduit means, said
check valve having a zero retraction volume to
prevent fuel back flow to said injection pump be-
tween injections ;

a leak-off passage for receiving leakage
fuel from said injector ;

pressure influencing means disposed
within said injector for controlling fuel pressure
within said leak-off passage, said pressure
influencing means comprising a pressure
amplifying variable orifice valve responsive to a
regulated supply fuel pressure ; and

a pressure regulating valve connected
with a source of fuel at a constant supply press-
ure, said regulating valve being controlled by
engine manifold pressure to provide a regulated
fuel pressure to said pressure influencing means
which is substantially inversely proportional to
engine load,

whereby said pressure influencing means
selectively raises the leak-off pressure in said
leak-off passage and the residual fuel pressure
within said injector between injections in inverse
relation to engine load with a consequent
increase in fuel injection pressure.

The invention as claimed in claim 16, including
speed responsive means for controlling said
regulating valve.

The invention as claimed in claim 16, wherein
leak-off fuel passing through said variable orifice
valve passes into said pressure regulated.

The invention as claimed in claim 16, wherein
said amplifying valve comprises a diaphragm
valve, and wherein said regulated fuel pressure
acts on said diaphragm to urge said valve toward
a closed position.

A method of controlling a fuel injection system for
an internal combustion engine, said system com-
prising a fuel injection pump, an injector having a
fuel injection valve, a high pressure conduit con-
necting said pump with said injection valve, and
a leak-off conduit for passage of fuel leaking by
said injection valve, said method comprising the
steps of :

establishing desired fuel injection press-
ures for said system over a range of engine loads
and speeds, said desired pressures exceeding
those otherwise obtainable by said system overa
substantial portion of said engine speed and load
operating range, and

selectively resfricting leak-off fuel passage
through said leak-off conduit in accordance with
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engine operating conditions to boost the residual
pressure in said high pressure conduit between
injection intervals for said portion of said speed
and load range and thereby achieve said desired
~ fuel injection pressures.
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