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@ An air fuel control, and a plunger and barrel assembly for a fuel system, either for an internal
combustion engine.

@ A tamper-proof air fuel control for a compression

ignition type i.c. engine is provided wherein fuel is 'i
supplied to cylinders in response to the pressure of ~ : "s
air in the intake manifold. A pair of oppositely biased oA
springs (40 and 42) controls movement of a stem LS )-8 b : 2

valve (30) in response fo intake manifold air pressure S )| o
exerted on a flexible diaphragm (28) located be-
tween the springs (40 and 42). The stem valve (30)
includes a plunger (32) within a barrel (31) in the air
fuel control housing (20) in the engine fuel pump.
The cross-sectional profiles of the plunger (32) and
Nbarre (31) are designed to meter precisely a con-
<'crolled amount of fuel to the engine fuel supply
(M) system as the intake air pressure increases and to
O reduce this metered flow as the intake air pressure Ry
decreases. A class fit between the barrel (31) and : x N
) plunger (32) wherein the clearance must not excesd ' :
1905 X 10™° metres to 3175 X 10~° metres :
N(0.000075 to 0.000125 inches) and pressure regulat- =
Qing means in the piunger (32) substantially eliminate \’
n_fuel leakage from the barrel (31). Internal venting \\
LLI means are provided to direct any minimal amount of ’ fs’,l L2839

‘ :.
fuel which might leak to the engine crankcase. ‘ N
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"An air fuel control, and a plunger and barrel assembly for a fuel system, either for an internal
combustion engine”

Technical Field

The present invention relates generally to air
fuel control systems for internal combustion en-
gines and specifically to a dual spring air fuel
control for a compression ignition type internal
combustion engine wherein fuel is supplied to the
engine cylinders in response to intake manifold air
pressure. '

Background Art

Regulation of the air and fuel mixture supplied
to an internal combustion engine, particularly an
engine of the compression ignition type, has re-
ceived widespread attention. Unless a satisfactory
airffuel ratio is achieved in the engine cylinders,
engine operation will be adversely affected and fuel
economy will be reduced. Proper regulation of the
air/fuel mixture, moreover, can eliminate or reduce
substantially undesirable emission components
from the engine exhaust. If air and fuel are sup-
plied to the cylinders in a carefully controlied ratio
which will allow complete combustion to occur un-
der all operating conditions, apparatus for removing
exhaust emissions to achieve acceptable vehicle
emission control can be entirely eliminated. In ad-
dition, efficient and economic engine operation will
be realized as well.

Fuel systems for internal combustion engines
wherein the fuel supplied to the engine is con-
trolled in response to intake manifold pressure are
well known. Many such systems include a source
of fuel under pressure, e.g., a fuel pump, and a
mechanism for regulating the pressure of the fuel
supplied to an injector located at each cylinder. To
achieve optimum fuel/air ratios under all operating
conditions, highly sophisticated refinements have
been made in these basic components to permit a
carefully scheduled pressure output as a function
of operator demand and engine speed. US-A-
4,187,817 and US-A-4,248,188, both to Wilson et
al. are illustrative of such systems. The air/fuel
conirol systems described in these patents me-
chanically modulate the flow of fuel into the engine
in response to the pressure of the air in the intake
manifold, which varies from a "no air" condition
below the rated pressure level to the full rated
pressure. Both systems employ a diaphragm or
flexible bellows operator for a fuel flow modulating
valve responsive to engine intake manifold air pres-
sure as sensed through an air line connecting the
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diaphragm operator with the intake manifold. The
diaphragm is biased by a single spring selected
and calibrated to provide modulation of the valve
restriction to vary the fuel pressure in response to
intake manifold pressure whereby the optimum
air/fuel ratio can be maintained over a broad range
of operating conditions. A drain line is additionally
included in these systems fo provide a fluid con-
nection between the air fuel control mechanism
and the engine fuel tank.

The air fuel control system disclosed in US-A-
4,187,817 further includes a flow restrictor in the air
line to prevent engine fuel tank pressurization and
reverse fuel flow into the engine's intake manifold
in the event of a rupture of the diaphragm operator.
The air fuel control system of US-A-4,248,188 in-
cludes, in addition, an attenuator assembly which
attenuates the transient response of the diaphragm
operator by causing fuel to be supplied to a control
chamber at a rate which is greater than that at
which fuel is discharged from the chamber. While
these air fuel control systems generally achieve an
adequate air/fuel ratio, very precisely controlled
metering of fuel is difficult to achieve and, hence,
an optimum air/fuel ratio is not always realized for
all engine operating conditions. Moreover, the vari-
ations in back pressure which have been char-
acteristic of these prior art air fuel controls have
caused air fuel contro! delay variations and, con-
sequently, response problems. Further, engines in-
tended for marine applications have not been able
to employ the kind of drain line disclosed by the
prior art air fuel controls. In the event of a dia-
phragm failure in a prior art air fuel control of the
kind described in the aforementioned patents in a
marine engine, fuel would tend to collect in the
bilge.

Other air fuel control systems which employ
diaphragm operators are also known in the prior
art. For example, US-A-3,795,233 to Crews et al.
discloses a control device for a super-charged en-
gine having a governor means connected to a fuel-
adjusting member and a supercharger which sup-
plies air to the engine through an intake manifold.
Three spring members are employed in this sys-
fem to balance forces on the diaphragm when
there is no pressure in the control system chamber
on the intake manifold side of the diaphragm. This
system is responsive to both intake air pressure
and engine oil pressure to override the governor
means. However, the system described in this pat-
ent does not include a fuel flow modulating valve,
but employs a mechanical linkage to vary the fuel
supplied o the engine upstream of the throttle.
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None of the air fuel control devicces disclosed
by the prior art, moreover, is completely tamper-
resistant. Improper tampering with an internal com-
bustion engine fuel supply adversely affects both
fuel economy and long term engine durability. Fuel
systems of the type described in the aforemen-
tioned patents generally include a drain line to the
fuel tank for returning fuel which is not injected into
the engine cyclinders or which is bled from the
gear pump sections of the fuel pump and an ad-
justable air screw in the fuel pump. It is widely
known that the short term power output of engines
equipped with such fuel systems can be increased
by clamping off this drain line and opening the air
screw. However, the effects of such unauthorized
modification can be extremely adverse, including
loss of fuel economy and shortened engine life. In
addition, such unauthorized adjustments will cause
engine emissions to vary from those achieved by
the air fuel control settings set by the engine
manufacturer so that the engine does not comply
with governmentally established emissions stan-
dards.

The prior art, therefore, fails to disclose an air
fuel control for an internal combustion engine which
responds quickly to a controlled, optimum amount
of fuel in response to intake manifold air pressure
and which cannot be adjusted or otherwise modi-
fied while the air fuel control remains mounted on
the engine.

Summary of the Invention

It is a primary object of the present invention,
therefore, to overcome the disadvantages of the
prior art.

It is another object of the present invention to
provide an air fuel control for an internal combus-
tion engine which responds quickly to meter a
controlled amount of fuel in response to changing
intake manifold air pressure.

A further object of this invention is to provide a
barrel and plunger assembiy for an air fuel control.

According to this invention there is provided a
fuel supply system, a barrel and plunger assembly
and an air fuel control as defined by the claims.

A preferred embodiment of the invention com-
prises an air fuel control system for an internal
combustion engine which is operationally controlled
by the pressure of fuel supplied to the engine from
a fuel source and which has an intake manifold for
supplying air to the engine, the system comprising
air pressure responsive means for modulating me-
chanically the flow of fuel into the engine in re-
sponse to the pressure of air within the intake
manifold including a cavity, pressure-responsive

- actuating means within the cavity, and an air line
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connecting the cavity with the intake manifold. The
pressure-responsive actuating means transforms
changes in intake manifold pressure into mechani-
cal movement to operate the pressure-responsive
actuating means. The pressure-responsive actuat-
ing means includes first and second chambers,
separated by a diaphragm attached to a piston,
and the first chamber is connected to the intake
manifold by the air line. A first main spring biases
the piston toward the first chamber, and a second
bias spring biases the piston away from the first
chamber. The pressure-responsive actuating
means further includes fuel metering means for
controlling the flow of fuel into the air-fuel control in
response to intake manifold air pressure. The fuel
metering means includes a barrel and plunger as-
sembly specifically configured to accommodate
both the no-air and transition-curve fuel rail pres-
sures. The barrel and plunger profiles are designed
to meter fuel quickly and precisely in response to
changes in manifold air pressure and, in addition,
are fitted together with a class fit to minimize the
leakage of excess fuel. Internal pressure differential
controlling means are additionally provided ‘within
the plunger to eliminate substantially fuel leakage.
Two alternate barrel and plunger assembly em-
bodiments with different cross-sectional profiies are
also provided. Internal vent means are additionally
provided to direct any excess fuel from the air fuel
control into the engine crankcase.

Hence the preferred air fuel control system
includes a diaphragm operator for a fuel flow mod-
ulating valve having a pair of oppositely biased
springs located on opposite sides of the diaphragm
operator which control the position of the valve in
response to intake manifold air pressure. The pre-
ferred diaphragm-operated fuel flow modulating
valve includes a valve plunger having a profile
which is received within a barrel mounted in the air
fuel control housing in a manner which assures a
class fit between the plunger and the barrel to
minimize fuel leakage.

The barrel and plkunger assembly for an air
fuel control in which this invention is embodied
includes internal pressure differential controlling
means for substantially eliminating fuel leakage
from the barrel and plunger assembly.

The preferred form of air fuel control system
for an internal combustion engine cannot be ad-
justed on the engine, but must be removed from
the engine before adjustment can be made. It
internally vents excess fuel into the engine crank-
case and, therefore, does not require a drain iine
connecting the air fuel control system and the
engine fuel tank.
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Also there is provided a repair kit for retrofitting
previously existing engines operationally controlled
by the pressure of fuel supplied thereto and
equipped with an air fuel control mechanism having
a diaphragm-operated fuel flow modulating vaive of
the plunger and barrel type to provide more pre-
cise control of fuel metering and to eliminate sub-
stantially leakage of excess fuel from the air fuel
control.

Still other and more specific objects of this
invention can be appreciated by consideration of
the following Brief Description of the Drawings and
the following description of the Best Mode for Car-
rying Out the Invention.

Brief Description of the Drawings.

Figure 1 is a perspective view of a portion of
an engine fuel supply system illusirating an air fuel
control for modulating fuel flow to the engine in
response to the air pressure within the intake mani-
fold of the engine;

Figure 2 is a cross-sectional view of the air
fuel control illustrated in Figure 1 taken along iines
2-2 wherein the cover has been rotated 90° in a
counter-clockwise direction;

Figure 3 illustrates a cross-sectional view of
a first air fuel control barrel and plunger assembly
embodiment;

Figure 4 illustrates a cross-sectional view of
a second air fuel control barrel and plunger assem-
bly embodiment; and

Figure 5 is a front cross-sectional view of an
internal combustion engine fusl pump taken along
line 5-6 of Figure 1 iliustrating the location of the
air fuel control relative to the fuel pump.

Best Mode for Carrying Qut the Invention

The type of fuel system in which the subject
invention is likely to be employed will be found in
an internal combustion engine of the compression
ignition type wherein the engine is controlled by
the pressure of the fuel supplied thereto by the fuel
supply system. This type of engine includes a
plurality of cylinders into which fuel is injected by
fuel injectors which are synchronously actuated
with the movement of the engine pistons. The
quantity of fuel actually injected into each cylinder
depends upon the pressure of the fuel supplied to
a common rail or_line by the fuel supply system.
The pressure of this fuel, in turn, is determined by
a scheduled pressure output as a function of oper-
ator demand, generally indicated by the throttle
position, and as a function of engine speed. The
kind of fuel supply system for which the present
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invention is ideally suited is described in US-A-
4,187,817 and US-A-4,248,188 which are assigned
to us, and the disclosure of these patents is hereby
incorporated by reference.

The achievement of an optimum and accurate
air fuel ratio within each engine cylinder is particu-
larly important in turbocharged engines where the
intake pressure may fall below the rated pressure
under certain operating conditions. Consequently,
the capability for mechanicaily modulating and con-
trolling the flow of fuel into the engine in response
to the pressure of the air in the intake manifold is
essential to efficient engine operation. Moreover, it
is also essential to the achievement of efficient
engine operation and acceptable exhaust emission
levels to maintain the airffuel ratio within a pre-
determined operating range which cannot be ad-
justed while the air fuel control is mounted on the
engine, but requires removal of the air fuel control
from the engine prior {o adjustment.

Referring to the drawings, Figure 1 illustrates
an air fuel control 10 which may be effectively
employed to achieve and maintain a proper supply
of fuel to the cylinders in response to intake mani-
fold pressure. Related portions of the engine fuel
supply system are additionally illustrated in Figure
1. These include the fuel pump 12 and the gear
pump 14. An air line 16 provides a direct connec-
tion between the engine intake manifold (not shown
and the air fuel control interior through cover plate
18.

In order to understand fully the subject inven-
tion, it is necessary to describe the operation of the
air fuel control 10 and the manner by which it
operates to modulate the flow of fuel to an internal
combustion engine in response to the pressure
within the intake manifold of the engine. Reference
is made to Figure 2 for this purpose. Figure 2
illusirates a cross-sectional view of the air fuel
control 10 taken along line 2-2 of Figure 1 whersin
the cover 18 has been rotated 90° in a counter-
clockwise direction for purposes of discussion. Fig-
ure 2 illustrates the condition of the air fuel control
when the pressure within the intake manifold is
below the rated pressure level. A "no-air" condition
results when the intake manifold pressure is zero
or when the air supply line to the air fuel control is
disconnected.

The air fuel control 10 includes a housing 20
containing a control chamber 22 subdivided into a
first chamber 24 and a second chamber 26 by a
flexible bellows member or diaphragm 28. The
diaphragm 28 is operationally connected to one
end of a stem vaive 30 provided with a plunger 32.
The opposite end of the stem 30 is attached to a
piston 34 by a nut 36. Nut 36 is also employed to
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removably secure a diaphragm retainer 38 which
engages the interior edge of the diaphragm 28 on
the piston 34. The exterior edge of diaphragm 28 is
engaged by the air fuel control cover 18.

The piston 34 and diaphragm retainer 38 are
preferably formed from steel stampings or the lilke,
and the flexible bellows member or diaphragm 28
should be formed of a material capable of with-
standing a pressure differential of at least 05
kg/mm? (150 pounds per square inch). A dia-
phragm constructed from a fabric coated on both
sides has been found to function well for this
purpose. An exemplary material for the diaphragm
28 which is capable of withstanding this pressure
differential is a 100% dacron fabric coated on both
sides with an elastomer, such as 70%
fluorosilicone/30% silicone rubber with fillers. How-
ever, other, equivalent materials may be employed
as well.

A set of dual, oppositely biased springs is
provided in the control chamber 22 to bias the
piston 34 either toward the air fuel control cover 18
when the intake manifold pressure is below the
rated level or away from the cover 18 as the intake
manifold pressure increases. The main spring 40 is
located within the second chamber 26 and is bi-
ased toward the cover 18 to contact piston 34 so
that the piston is urged toward the cover 18. A
second spring, bias spring 42 is biased away from
the cover 18 and, thus, exerts a force opposite that
of spring 40 on piston 34. The bias spring 42 is
positioned around nut 36 so that one end contacts
the diaphragm retainer 38. The opposite end of
bias springs 42 engages a bias spring retainer
element 44, which is held in place within chamber
24 by the interior end 46 of a threaded adjusting
screw 48. The opposite end 50 of adjusting screw
48 extends outwardly from the control chamber 22
through the cover 18, to engage a correspondingly
threaded nut 52 located on the exterior of the cover
18. The longitudinal expansion of bias spring 42
can thus be controlled by adjusting the distance
which the bias spring adjusting screw 48 extends
into the control chamber. The operational signifi-
cance of this feature of the air fuel control will be
explained in more detail hereinbelow.

The air fuel control cover 18 includes an air
supply passage 55 formed within a thickened por-
tion 57 of the cover 18 which connects directly to
line 16 and, therefore, to the engine intake mani-
fold. Air from the intake manifold may enter cham-
ber 24 of the air fuel control along the path shown
by arrows 59.

The air fuel control cover 18 is additionally
provided with a central recess 54 defined between
the cover thickened portion 57 and a peripheral

boss 53 where end 50 of the adjusting screw 48"

exits the cover to engage nut 52. Because the air
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fuel control cover is located immediately adjacent

- to the engine block, access to the adjusting screw

is blocked when the air fuel control is mounted on
the engine. Consequently, adjustment of the "no-
air" position of the bias spring and, therefore, the
piston -and associated structures can only be made
after the air fuel control is removed from the engine
and mounted on a fuel pump test stand. Un-
authorized tampering with the air fuel control "no-
air" setting while the air fuel control is mounted in
place on the engine, therefore, is virtually impos-
sible with this embodiment of the present invention.
This is in distinct contrast to prior art air fuel
control systems, which are specifically designed to
be adjustable on the engine.

Additional tamperproofing may also be pro-
vided in the form of a cap 51 which fits securely
within recess 64 over the end 50 of adjusting screw
48 and over nut 52 between the air fuel control
cover thickened portion 57 and peripheral boss 53
to cover both of these structures completely. A cap
51 having the cross-secticinal configuration shown
in Figure 2 is preferred for this purpose. However,
other structures which serve the same function
may also be employed to prevent the unauthorized
adjustment of screw 48 after the air fuel control has
been set by the manufacturer and mounted in
place on the engine.

As noted hereinabove, the stem vaive 30 is
provided with a plunger 32. The pilunger 32 is
slidably received within a central bore 33 in a
barrel 31 mounted in a cavity 23 in the interior of
the air fuel control housing 20. The profile of the
plunger and barrel have been specifically designed
as discussed below in connection with Figures 3
and 4 to accommodate both the "no-air" and
"transition curve” pressures encountered in the fuel
supply rail. As a result, the "no-air" adjustment
screw typically required on the fuel pump with prior
art air fuel controls is not required when the
present air fuel control is used.

The plunger 32 includes a central longitudinal
channel 35, shown in dashed lines in Figure 2,
which extends from the tip 37 of the plunger to-
ward the second chamber 26. A vent 39 provides
fluid communication between channel 35 and the
barrel central bore 33 to minimize fuel leakage
from the barrel as will be explained in detail herein-
below.

When the air fuel control stem valve 30 is in
the position shown in Figure 2, the fuel path
through the air fuel control is illustrated generally
by the arrows 56 which show fuel entering the
control through an inlet port 58 and then through
an outlet passage 62 fo exit outlet port 64. An inlet
bypass passage 66 is formed in housing 20 be-
tween the iniet port 58 and the cavity 23 which
receives the barrel 31. An outlet bypass passage
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68 is also formed in housing 20 to direct fuel away
from the barre! 31. Inlet passage 66 and outlet
passage 68 are aligned with first and second an-
nular grooves 70 and 72, respectively, formed in
the exterior surface of the barrel. Grooves 70 and
72 communicate with a barrel fuel inlet passage 74
and a barrel fuel outlet passage 76, respectively.

The barrel 31 is seated within cavity 23 in the
air fuel control housing 20 by an annular retaining
ring 78 and by a plurality of annular O-ring type
seals 80 located at spaced intervals along the
exterior surface of the barrel. At least four O-rings
of this type are preferred to provide a reliable,
substantially leak-proof seal around the barrel 31. A
compression spring 82 is further provided within a
recess 84 in the housing 20 and biases the barrel
toward the retaining ring 78 to hold the barrel and
plunger assembly securely in place within the air
fuel control housing.

When the plunger 32 is in the position shown
in Figure 2, fuel flow through the barrel 31 from
inlet passage 66 to outlet passage 68 is blocked by
the plunger. This situation occurs when the pres-
sure of the air in the intake manifold is- well below
its rated value, or at a "no-air" or zero pressure
condition. In this condition, the main spring 40
biases the piston 34 and, hence, the stem valve 30
and plunger 32 toward the air fuel conirol cover 18
so that a small fuel flow area is created between an
undercut edge 60 in the barrel and the plunger
profile. This causes the "noc-air" fuel to flow into
central bore 33 and through fuel passage 76 in the
barrel. The bias spring 42 is biased toward the
spring retaining element 44 by the piston as shown
in Figure 2 and compressed to a degree which
depends upon the location of the retaining element
44. As discussed hereinabove, this location may be
adjusted by turning the threaded adjusting screw
48 and is set prior to installation of the air fuel
control on the engine to control the extent of the
longitudinal movement of the plunger 32 in re-
sponse to the intake air pressure exierted on the
diaphragm 28.

As the pressure of the air in the intake manifoid
increases, air will enter the air fuel control through
the passage 55 and begin to fill the first chamber
24. As the pressure of the air in first chamber 24
increases, pressure will be exerted against the dia-
phragm 28, the diaphragm retainer 38 and the
piston 34, causing the main spring to be com-
pressed and the stem valve 30 to move away from
the air fuel control cover 18. The bias spring 42,
which was previously compressed, will simulta-
neously begin to expand and reduce its force on
the piston 34, thereby alllowing the stem valve and
associated structures to move toward recess 84,
which moves the plunger 32 to the position shown
in Figure 3. Inlet passage 74 is'no longer blocked
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by the plunger, and an increased amount of fuel
may then flow from the barrel cavity 23 into central
bore 33 along a path dicatated by the plunger
profile, and out through the outlet passage 76 to
outlet bypass passage 68. The amount of fusel
which reaches the cylinders is thus increased when
the pressure of the air in the intake manifold in-
creases.

The action of the dual springs 40 and 42 con-
trols the plunger position at zero boost or "no-air"
condition with the adjustment to the total available
spring length of the main spring 40 and bias spring
42. A boost signal, which is provided to the assem-
bly as the air pressure in the intake manifold in-
creases, moves the plunger 32 by working against
the effective area of diaphragm 28 and the com-
bined spring rate of main spring 40 and bias spring
42. Delay in increasing the fuel supply fo the
cylinders in response to increased manifold air
pressure is, as a result, substantially eliminated.

The profiles of the plunger 32 and the barrel 31
of the present air fuel control will effectively ac-
commodate both the "no-air" and transition curve
fuel rail pressure. Figures 3 and 4 illusirate cross-
sectional views of two embodiments of plunger and
barrel profiles which will achieve this objective. The
plunger and barrel profile selected will depend in
large measure on the "no-air" orifice area of the
engine. Both of the plunger and barrel profiles
shown in Figures 3 and 4 will effectively control
fuel metering, however, and both are designed to
minimize significantly fuel leakage.

The dimensions of the plunger 32 and barrel
31 of the air fuel control 10 are critical to the
achievement of optimum fuel metering. It has been
found that forming the plunger and barrel to pro-
vide a class fit therebetween has reduced fuel
leakage substantially from that encountered in oth-
er air fuel control designs. As a result, structure
required to provide fuel drainage is no longer re-
quired, and the present air fuel control can be
vented, preferably using existing flow passages, to
the engine crankcase. The smallest interior dia-
mater of the barrel must not exceed the largest
exterior diamter of the plunger by more than 1905
X 107° metres to 3175 * 107% metres (0.000075 o
0.000125 inches) io provide the cliearance needed
for a proper class fit. Tests have indicated that
leakage past a barrel and plunger having a clear-
ance within this range is Iess than about 1.0 cc/hr.,
which is within the same range as the fuel leakage
past a fuel injector and its associated barrel.

The barrel and plunger profile shown in Figure
3 is one embodiment which provides efficient fuel
metering in response to the pressure of the air in
the intake manifold as sensed by the diaphragm 28
and related structures. The plunger 32 of Figure 3
(which is the same plunger profile shown in Figure

x,

)
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2) does not have a uniform exterior diameter along
its full length, but includes a narrow stem section
88, a chamfered profile portion 90, which has a
larger average exterior diameter than the stem sec-
tion, and a stop portion 92 which is larger in
diameter than both stem 88 and chamfered portion
80. The barrel profile shown in Figures 2 and 3
includes an undercut edge 60 which has a larger
diameter than central bore 33 and communicates
with both fuel inlet passage 74 and central bore 33.
Referring to Figure 2, it can be seen that when the
air fuel control is in a "no-air” condition, the stop
portion 82 of plunger 32 allows only a small
amount of fuel flow from inlet passage 74 through
undercut 60 into barrel central bore 33. As the
plunger is moved to the position shown in Figure 3,
however, the chamfered portion 80 of the plunger
32 will gradually open undercut 60 to allow a
progressively larger amount of fuel to flow from
undercut 60 into bore 33 past the plunger stem
portion 88 and through fuel outlet passage 76 as
shown by arrows 86 in Figure 3. Thus, the effective
fuel flow volume through the barrel 31 past plunger
32 depends to a large extent upon the size of the
fluid flow path created between the piunger and the
barrel as undercut 60 is opened to allow fluid to
flow into bore 33. Moreover, the profile of the
plunger chamfered portion 90 relative to the profile
of the barrel bore 33 and undercut 80 will directly
affect the metering of fuel through the barrel as the
stem valve 30 is moved away from cover 18 in
response to manifold air pressure. The plunger
profile shown in Figures 2 and 3 will provide a
gradual release of an increasing quantity of fuel as
manifold air pressure increases until the plunger
reaches the position shown in Figure 3, whereupon
a maximum amount of fuel will flow through the
barrel. As long as the intake air pressure on the
diaphragm 28 and piston 34 remains high enough
to maintain spring 40 in a compressed condition
and to keep the plunger in the position shown in
Figure 3, this maximum amount of fuel will flow into
passage 68. However, as soon as the intake air
pressure ‘begins to fall, the force exerted against
spring 40 decreases so that it is less than that
required to keep the spring 40 compressed. The
spring 40 will then bias the piston 34 toward the air
fuel control cover 18 until it exerts a force on
diaphragm 28 equal to that exerted by the pressure
of the intake air and the force of the bias spring 42.
As the intake air pressure decreases, the piston will
be biased an additional distance toward the cover
18, thereby moving the plunger 32 toward the
cover so that the plunger will uitimately be iocated
relative to undercut 60 in the "no-air™ condition
shown in Figure 2.
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Figure 4 illustrates a second barrel and plunger
embodiment which has a different profile from the
barrel and plunger embodiment shown in Figure 3.
The plungsr 100 of this embodiment includes a
narrow stem portion 102 and a wider stop portion
104. However, instead of the chamfered portion 90
of the- first embodiment, this plunger embodiment
includes a sharp edged, annular shoulder 106. As
in the first embodiment, the plunger 100 is dis-
posed within a longitudinal bore 108 in the barrel
110,

The barrel 110 includes fuel inlet ports 112,
118 and 121 and a fuel outlet port 114, which
correspond substantially to passages 74 and 78,
respectively, in Figure 3. The configuration of the
barrel in the vicinity of inlet port 112 differs from
that of barrel 31 in the vicinity of passage 74 of the
first barrel and plunger embodiment. The barrel
100 of the second embodiment includes a deep
undercut 116 in the area where the barre!l would
contact the air fuel control fuel supply passage 66
(Figure 2). In addition, the fuel inlet 112 is con-
nected to the port 118 to supply and meter fuel
into the barrel central bore 108 and out fuel outlet
bore 114 as shown by arrows 120 in Figure 4. The
inlet 112 has a larger diameter than that of port 118
and a narrow channel (not shown) connects these
two passages so that when the barrel 110 is view-
ed from above in the area of undercut 116, fuel
inlet ports 112 and 118 and the connecting channel
assume & keyhole-like configuration. The additional
fuel inlet port 121 is provided to equalize fuel
pressure around the plunger 100.

The position of the plunger 100 shown in Fig-
ure 4 corresponds substantially to the position of
the plunger 32 in Figure 3 and is the position the
plunger would occupy when the pressure of the air
in the intake manifold increased sufficiently above
that associated with the "no-air" plunger position of
Figure 2 to cause the plunger to be moved away
from the air fuel cover 18. When the intake air
pressure decreases during engine operation, the
plunger 100 will be moved toward the air fuel
control cover 18, causing port 118 to be blocked
by plunger stop portion 104. As increasing air
pressure moves the pl‘unger out of contact with
port 118, the shoulder 106 gradually opens port
118 to allow increasing amounts of fuel to flow
through the barrel central bore 108 to outlet bore
114,

As in the barrel and plunger embodiment
shown in Figures 2 and 3, the plunger 100 and

-barrel 110 of Figure 4 are formed to fit together in

a class fit, wherein the clearance between the
plunger exterior diameter and the barrel interior
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diameter must not exceed 1905 * 107 metres to
3175 * 10 metres (0.000075 to 0.0000125
inches). As discussed hereinabove, leakage of fuel
from the barrel is thereby substantially minimized.

The present barrel and plunger assembly is
designed to minimize fuel leakage around the
plunger and barrel. This is achieved by controlling
the pressure differential between the second cham-
ber 26 and the barrel central bore 33 at the tip 37
of the plunger. The provision of piunger central
channe! 35, the vent 39, and a conduit 122 which
connects to the fuel pump housing allows the high
pressure of the fuel in the central bore 33 to be
reduced by the time the fuel reaches the area of
the vent 39 and to be reduced further by the time
the fuel reaches the second chamber 26. Fuel
leakage into this cavity is, therefore, substantially
eliminated as excess fuel is vented through vent 39
to be returned to the fuel pump through conduit
122. Unlike prior art air fuel control devices, the
present air fuel control maintains second chamber
26 in a near fuel-free condition by controlling the
pressure differential between the vent 39 and the
second chamber 26.

Although the provision of a barrel and plunger
assembly with a class fit as described herein sig-~
nificantly minimizes fuel leakage, a drain is re-
quired to insure that any excess fuel which may be
present is removed. The present air fuel control,
however, does not require the extensive external
drain system of prior art fuel controls. The very
minimal amount of fuel which might leak past the
plunger is, instead, vented through internal pas-
sages in thé fuel pump to the engine crankcase.
Figure 5 illustrates a cross-sectional view of the air
fuel control housing 20, as it would appear without
the air fuel control mechanism, to illustrate one
possible drain line for excess fuel. As can be
clearly seen from Figure 5, conirol chamber 22 is
fluidically connected with barrel cavity 23. Any fuel
which might leak past the plunger, particularly in
the vicinity of the terminal end of the barrel adja-
cent to the control chamber 22, and specifically in
chamber 26, would tend to collect in second cham-
ber 26. Consequently, a drain line 130 may be
provided to serve as a fluid passage for excess fuel
from the air fuel control to other conduits in the fuel
pump (not shown) which drain to the engine crank-
case. Such a drain conduit may be located in the
fuel pump cover (not shown), for example.

As a comparison of the air fuel control housing
{Figure 5) and the air fuel control mechanism posi-
tioned in that housing (Figure 2) illustrates, the
mechanism includes a plurality of separate compo-
nents which are assembled and inserted into this
air fuel control housing in the fuel pump. Therefore,
this embodiment of the present invention is ideally
suited for retrofitting existing fuel pumps which
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include a similar housing or bore in the fuel pump
for an air fuel control. Appropriate shims, retaining
rings, seals and the like could be employed where
necessary for proper installation of the present air
fuel control. Moreover, since the exterior dimen-
sions of the barrel portion of the present air fuel
control correspond closely to those of may existing
air fuel control devices, it is possible to substitute
one of the present barrel and plunger assemblies
to provide substantially leak-free, efficient fuel me-
tering in response to intake manifold pressure.

Industrial Applicability

An air fuel control in which the present inven-
tion is embodied will find its primary application in
an internal combustion engine of the compression
ignition type wherein fuel is supplied to the engine
in response {0 the pressure of the air in the intake
manifold. It will be particularly useful for carefully
and precisely controlling the flow of fuel to the
engine cylinders in response to engine operating
conditions. The present air fuel control may be
effectively employed both to provide a metered
flow of fuel from the fuel pump in response to
increasing manifold air pressure and to reduce
gradually the flow of fuel from the fuel pump in
response to decreasing manifold air pressure. Fur-
ther, the air fuel control in which the present inven-
tion is embodied is ideally suited both for original
installation in new engines and for retrofitting exist-
ing engines.

Claims

1. A fuel supply system for an internal combus-
tion engine which is operationally controlled by the
pressure of fuel supplied to the engine from a fuel
source (12) and which has an intake manifold for
supplying air to the engine, comprising:

{(a) air pressure responsive means (30) for
modulating mechanically the flow of fuel into the
engine in response to the pressure of air within the
intake manifoid, said air pressure responsive
means including:

(1) first and second chambers (24 and 26), wherein
said first chamber (24) includes means (55) for
fluid connection with the engine air supply and said
second chamber (26) is sealed from fluid connec-
tion with said fuel supply system, and

(2) pressure responsive actuating means (28, 40
and 42) disposed within each of said chambers (24
and 26) for fransforming changes in intake manifold
pressure into mechanical movement for operating
*said air pressure responsive means (30), and

o,

“®
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(b) fuel metering means (30) including pres-
sure regulating means for controfling the flow of
fuel from said fuel supply system directly in re-
sponse to changes in intake manifold pressure so
that said fuel leakage from said fuel supply system
is substantially eliminated.

2. A fuel supply system according to claim 1,
wherein said pressure responsive actuating means
includes a fiexible beliows member (28) separating
said first and second chambers (24 and 26), a first
spring means (42) located within said first chamber
(24) for biasing said bellows member (28) toward
said second chamber (26) and a second spring
means (40) located within said second chamber
(26) for biasing said bellows member (28) toward
said first chamber (24), wherein said fuel metering
means (30) is connected to said pressure respon-
sive actuating means (28, 40 and 42) to be mov-
able in response to air pressure changes within
said first chamber (24).

3. A fuel supply system according to claim 2,
wherein said fuel metering means (30) includes
barrel means (31, 110) for providing a connection
between said fuel source (12) and said fuel supply
system and plunger means (32, 100) fitted within
said barrel means (31, 110) for controlling the fiow
of fuel from said fuel supply system.

4. A fuel supply system according to claim 3,
wherein the clearance between said barrel means
(31, 110) and said plunger means (32, 100) does

not exceed 1905 * 107° metres to 3175 X 1079 .

metres (0.000075 to 0.000125 inches).

5. A fuel supply system according to claim 3,
wherein said barrel means (31, 110) comprises a
substantially cylindrical barrel having a hollow inte-
rior (33, 108) located along a longitudinal axis sub-
stantially perpendicular to said flexible bellows
member (28), and includes a fuel supply inlet pas-
sage (74, 112, 118 and 121) and a fuel supply
outlet passage (76, 114) for directing fuel respec-
tively into and out of the interior (33, 108) of the
barrel (31, 110).

6. A fuel supply system according to claim 5,
wherein said plunger means (32, 100) includes
stem means (88, 102) for connection to said pres-
sure responsive actuating means (28, 40 and 42),
stop means (92, 104) for blocking fuel flow through
said fuel supply inlet passage (74, 112) and fuel
control means (80, 106) positicned between said
stem means (88, 102) and said stop means (92,
104) for controllably admitting fuel into said barrel
interior (33, 108).

7. A fuel supply system according to claim 8,
wherein said pressure responsive actuating means
(28, 40 and 42) moves said plunger (32, 100) along
the longitudinal axis of said barrel (31, 110) in a
direction which is directly dependent upon the
pressure of the air in the intake manifold.
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8. A fuel supply system according to claim 7,
wherein when said intake air pressure is zero, said
pressure responsive actuating means (28, 40 and
42) moves said plunger (32, 100) to locate siad
stop means (92, 104) in a position to block sub-
stantially fuel flow through said fuel supply inlet
passage (74, 112) and when said intake air pres-
sure is at its maximum rated level, said pressure
responsive actuating means (28, 40 and 42) moves
said plunger (32, 100) to locate said fuel control
means (80, 108) in a position to allow a maximum
amount of fuel flow through said fuel supply inlet
passage (74, 112).

9. A fuel supply system according to claim 8,
wherein said barrel interior (33} includes cavity
extension means (80) having a larger diameter than
said barrel interior (33) for receiving fuel from said
fuel supply inlet passage (66), said plunger stop
means (92) has a larger diameter than said stem
means (88), and said plunger fuel control means
includes chamfer means (80) for providing a grad-
ual change in. plunger diameter between said stem
means (88) and said stop means (92).

10. A fuel supply system according to claim 8,
wherein said barrel (110) inciudes port means (112
and 118) for interaction with said fuel metering
means to control the amount of fuel flow through
said barrel (110), said plunger stop means (104)
has a larger diameter than said stem means (102)
and said plunger fuel conirol means includes an-
nular shoulder means (106) having a diameter sub-
stantially equal to the diameter of said stop means
(104) for controlling fuel flow from said port means
and said fuel supply inlet passage.

11. A fuel supply system according to claim 2,
further including fuel drainage means (122, 130) for
directing excess fuel away from said fuel supply
system to the engine crankcase.

12. A fuel supply system according to claim
11, wherein said fuel drainage means (122, 130) is
located completely internally to the engine.

13. A fuel supply system according to claim 3
or claim 5, wherein the distance between said
plunger (32, 100) and the interior (33, 108) of said
barrel (31, 110) is in the range of about 1905 X
10™° metres to 3175 X 1079 metres (0.000075 to
0.000125 inches).

14. A plunger and barrel assembly for a fuel
supply system for an internal combustion engine
which is operationally controlied by the pressure of
fuel supplied to the engine from a fuel source (12)
and which has an intake manifold for supplying air
to the engine, air pressure responsive means (30)
for modulating mechanicaily the flow of fuel into
the engine in response to the pressure of air within
the intake manifold, and housing means (20) for
receiving said fuel supply system, said plunger and
barrel assembly including longitudinal barrel means
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(31, 110) adapted to be engaged by said housing
means (20) to provide a fluid connection between
said fuel source and said engine, and plunger
means (32, 100) connecied to said pressure re-
sponsive means (30) slidably class fitted within a
central bore in said barrel means (31, 110) to be
coaxial therewith for selectively opening and clos-
ing said fluid connection in response to the pres-
sure of the air in the intake manifold, wherein said
plunger means (32, 110) includes pressure reguiat-
ing means for substantially elliminating fuel leakage
from said assembly.

15. A plunger and barrel assembly according
to claim 14, wherein said pressure regulating
means includes conduit means (35) internal to said
plunger means (32, 100) for directing excess fuel
therethrough and vent means (39) for providing
fluid commmunication between said conduit means
{(35) and said barrel means (31, 110).

16. A plunger and barrel assembly according
to claim 14, wherein said barrel means (31) in-
cludes an interior cavity extension (60) which pro-
vides fluid communication between said fuel supply
(12) and the engine and said plunger means (32)
includes chamfer means (90) for gradually meter-
ing the flow of fuel from the fuel supply (12)
through the barrel interior cavity extension (60) to
the engine and stop means (92) for blocking the
flow of fuel from the fuel supply (12) through the
barrel interior cavity extension (60) to the engine.

17. A plunger and barrel assembly according
to claim 16, wherein the chamfer means (90) has a
gradually increasing diameter along the longitudinal
axis of the plunger means (32), and the stop means
{92) has a substantially constant diameter approxi-
mately equal to the largest diameter of said cham-
fer means (90) along the remaining longitudinal
axis of said plunger (32).

18. A plunger and barrel assembly according
to claim 14, wherein said barrel means (110) in-
cludes port means (112 and 118) for providing fluid
communication between said fluid supply (12) and
the engine, and said piunger means (100) includes
annular shoulder means {108) for directing fuel flow
through said port means (112, 118) info the barrel
central bore (108) and stop means (104) for bloc-
king the flow of fuel through said port (112 and
118) into the barrel central cavity (108).

19. A plunger and barrel assembly according
to claim 18, whersin the cross-sectional diameter of
said annular shoulder means (106) is substantially
equal to the cross-sectional diameter of said stop
means (104).

20. A plunger and barrel assembly according
to claim 17 or claim 19, wherein the difference
between the diameter of the stop means (92, 104)
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10

and the diameter of the barrel means central bore
(33, 108) is about 1905 X 107° metres to 3175 X
107® metres (0.000075 to 0.000125 inches).

21. An air fuel control (10) for an internal com-
bustion engine which is operationally controlled by
the pressure of fuel supplied to the engine from a
fuel séurce (12), which has an intake manifold for
supplying air to the engine and which includes
pressure responsive means (30) connected to the
intake manifold for modulating mechanically the
flow of fuel into the engine in response to the
pressure of the air within the intake manifold, said
air pressure responsive means (30) comprising:

(a) a first chamber (24) fiuidically connected
to said intake manifold and a second chamber (26)
separated from said first chamber (24) by a flexible
bellows member (28) secured 1o a piston (34);

(b) a pair of oppositely biased spring means
(40 and 42) located on opposite sides of said
piston (34) for tfransforming changes in intake mani-
fold pressure into mechanical movement, wherein
one (42) of said spring means is located in said
first chamber (24) and is biased to move said
piston (34) in a first direction and the other, (40) of
said spring means is located in said second cham-
ber (26) and is biased to move said piston (34) in a
second direction opposite to said first direction;
and

(c) fuel metering means movably attached to
said piston (34) for movement between a first, fuel
flow position and a second, fuel blocked position,
wherein as the pressure of intake air in said first
chamber (24) against said bellows member (28)
increases, said one spring means (42) biases said
piston (34) in said first direction to move said fuel
metering means to said first position, thereby al-
lowing fuel to flow through said air fuel control (10)
and as the pressure of infake air in said first
chamber (24) against said beliows member (28)
decreases, said other spring means (42) biases
said piston (34) in said second direction to move
said fuel metering means to said second position,
thereby substantially blocking fuel from flowing
through said air fuel control (10).

22. An air fuel control (10) according to claim
21, wherein said one spring means (40) includes
adjustable spring retaining means (44, 46, 48, 50
and 52) for controlling the extent of the longitudinal
compression and expansion of said one spring
means (42) within said first chamber (24) in re-
sponse o increasing air pressure, thereby control-
ling the- amount of air pressure required to bias
said piston (34) in said first direction.

23. An air fuel control (10) according to claim
22, wherein said spring retaining means (44, 46,
48, 50 and 52) includes adjustment means (52)
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exterior to said first chamber (24) for engaging said
spring retaining means (44, 46, 48, 50 and 52) at

-the desired air pressure setting.

24. An air fuel control (10) according to claim
23, wherein said air fuel control (10) includes cover
means (18) secured thereto for defining the extent
of said first chamber (24) and securing said bel-
lows member (28) to said air fuel control (10).

25. An air fuel control (10) according to claim
24, wherein said cover means (18) includes a re-
cessed central portion (54), said adjustment means
(52) is located in said recessed central portion (54),
and said recessed central portion (54) is positioned
immediately adjacent to the engine, thereby bloc-
king access to said adjustment means (52), when
said air fuel conirol (10) is mounted on the engine.

26. An air fuel control according to claim 25,
wherein cap means (51) for covering said adjust-
ment means (52) is fitted within said recessed
central portion (54).
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