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UNITED STATES

11 Claims.

1

The object of this invention is to improve the
fuel control apparatus as shown and described in
my patent, 2,281,411, dated April 28, 1942, entitled
Fuel control apparatus for internal combustion
engines,- ,

Figure 1 shows diagrammatically the general
arrangement of the parts constituting one form
of construction of my invention. :

Figure 2 shows a view taken on plane 2—2 of
Figure 1,

Pigure 3 shows an alternative construction.

In Figure 1, {0 is the air entrance, {1 is the
larger of two venturis, {2 being the smaller, dis-
charging into the throat of the larger venturi.
{3 is a passage connecting the throat of the small
venturj with the chamber I4, which surrounds
an expanding chamber 5, the inside of which
communicates through a passage 18 with an an-
nular chamber i7, which annular chamber com-
municates with the air entrance 10 through tubes
{8 which face upstream.

The expanding element 5 slides a cam 18 up
and down, This cam {9 engages in the plane of
the paper of the drawing with the finger 20, which
finger 20 is partially rotated by the expansion
and contraction of the partially-evacuated
chamber 2{ located in the chamber 22, which
communicates through the passage 28 with the
downstream portion of the venturi {1. The finger
290 is mounted on the lever 20! pivoted at the
fulcrum 200.

In Figure 2, the end 20 of the lever 201 is shown
engaging with the cam 19, which is pushed
against the ehd of lever 20f by a compression
spring 87, “Cam- 9. can siide vertically to the
plane of the paper (Fig. 1), the end 203 of cam
{9 sliding over the end of the rod 204, which pro-
jects from the element i5. Cam !9 also slides
parallel to the plane of the paper. In Fig. 1, 24 is
& passage communicating with the outlet from
the venturi f{ still further downstream in the
venturi 1§, The lefi-hand side of the cam {$§

engages with the roller 28, which is carried by a-

sleeve 25, which reciprocates in a block 27; this
block 2¥ has a high pressure oil entrance 28 and
a low pressure exit 29.

A piston 30, having a valve portion 31, acts as
8 valve for a port 32. The piston engages with
& compression spring 33 and the piston 30 is me-
chanically connected to the roller 34 carried by
an arm 33, The arm 35 is pushed by spring 83
s0 as to engage with the cam 36, which is sld
up and down by an expanding and contracting
chamber 31, which is responsive to the flow of
the fuel through a fuel venturi 38. Chamber 87
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is located in a chamber 89, which is in communi-
cation with the pressure generated by the fuel
pump 40, The cam 36 thus moves up and down
in response to the expansion and contraction of
the element 31.- The cam 36 is moved perpen-
dicular to the plane of the paper in response to
the movement of a finger 41, which is rotated by
a manually-controlled shaft 42. When the port
32 is in the position shown relative to the piston
31, pressure is admitted to the passage in the pipe
43, which communicates with & housing 44 in
which there reciprocates an upper piston 45 and
a lower piston 46 carrying a needle 41. The pipe
43 communicates through a passage 48, passage
49, passage 50 with a chamber 5{ into which the
needie 47 projects through a restriction §3. The
chamber 52 to the right of the restriction 53 com-
municates through the pipes 54 and 18 with the
low pressure side of the oil pump 55, pipe 78 dis-
charging into the chamber 56, into which cham-
ber also discharges the low pressure line 29. The
purpose of the low pressure line 29 is to provide
a return path for the oil discharged rlght and
left by the pump Bb5.

The fuel from the fuel pump 40 discharges.
down the pipe 57 into the chamber §8, in which
is located the float-controlled valve 59, which al-
lows for a discharge of vapor which may accumu-
late through the pipe 60 to the air intake pipe
on the engine side of the throttles' 61 and 62. A
pressure injecting pump chamber 83 is controlled
by a lever 64, which engages with the servomotor
piston 65, which in its turn is controlled by servo-
motor valve 61. A shaft 205, driven at half-
engine speed in case of four-cycle engines and at -
full engine speed in case of two-cycle engines is

provided. The lever 84 varies the effective stroke .

of the pump.

A passage 99 and a corresponding passage 98
in the servomotor piston 65 respectively connect
the chamber 100 with the right-hand side of the
servomotor piston 68 and the chamber 101 with
the left-hand side of the servomotor piston 65.
A passage 102 admits high pressure oil from the

“pipe 81 which communicates with the oil pump -

- 85 to the right of the piston 65 when servomotor
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valve 8T moves to the left so that the servomotor
piston 8% also moves to the left. At the same time,
passage 103 permits oil to escape from the left-
hand side of servomotor piston 65 through pas-
sage 98. When servomotor valve 61 moves to the

right, high pressure oil can flow from - passage

81 through passage {82, chamber {84 and passage
98 so that servomotor piston 65 is also moved to
the right. The oil pressure escapes from the
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3 ,
right-hand side of servomotor piston 65 through
passage 99, chamber 100 and passages 103 and
" 83 to the low pressure return line 18. High pres-
sure oil from the passage §5 flows through a
pipe 66 and enters the chamber 68 to the left
of a servo piston 81 through a restriction 99%.

An acceleration device comprises a cylinder and
a piston 16, which serves to move liquid in a
cylinder 17 at the right of the piston. The line
18 connects with the cylinder at the right of
the piston angd is the return low pressure line to
the chamber 56 for the high pressure oil that
leaks past the piston 76 into chamber 719 to the
left of the piston T6. A high pressure passage
80 extending from chamber 11 communicates
through the restriction 95 with the pipe 66.

A pivot 206 for lever 85 enables the shoulder
207 to engage with the finger 208 of the valve
46—47. A link 209 connects the lever 85 with
the throttle levers 210 and 211. The two levers
210—21 1 are connected together by the link 212,
Fuel pressure lines 213, 214, 215 and 216 lead from
the variable-stroke pump 63 to the fuel injection
nozzles, not shown,

The throttle control lever 85 thus engages with
the piston 46 and needle 47 and controls the
movement of piston 76 and also is connecfed with
the throttles 61 and 62, which are linked together
so that they open simultaneously. When the
throttles 61 and 62 are opened rapidly, the piston
16 moves to the left, lowering the pressure in
chamber 68 which allows piston 81 to move lever
64 anti-clockwise against the pressure of spring
96, the movement of the piston 91 being trans-
mitted thereto through servomotor valve 67 and
servomotor piston 65. A spring 88, to the right
of piston 65, serves to move the piston and thus
this servomotor valve 61 to the left.

A manually-operated lever 84 controls the
movement of the piston valve 45, compressing
a spring 89 as it is moved toward the left. When
the lever 84 is moved clockwise to unseat the
valve 45, the high pressure oil passage 86, which
communicates with the pipe 81, admits high pres-
sure oil by this valve and through the unrestricted
passage 94 to the chamber 51 and then through
passage 66 and restriction 95 to chamber A8.
This decreases the amount of fuel being pumped
by pump 63 by increasing the pressure in the
chamber 68, which moves a piston 91 and thus
lever 64 to the right, the object of this mechanism
being merely to cut off the fuel. This is known
as the idle cut-off control.

Normally. oil under pressure from passage 86
enters chamber 51 through a restriction 92.

In Pigure 3, the port 32 is controlled by a piston
104, This piston 104 carries two pistons 105 and
106. These three pistons reciprocate in a cylin-
der divided into four chambers 107, 108, 109 and
110. Chamber {08 is connected through the pipe
{11 with the low pressure chamber 56 connected
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connects the chamber 122 with the low pressure
chamber 56. The high pressure in the passage
112 is admitted through the passage #22 to the
left-hand side of the valve 111, Valve (17 is thus
pushed to the right. Valve [T carries on its
extreme right hand a roller 25 which engages
with the cam ({8 similar to the valve 19 shown
and described in Figure 1.

Chamber (07 is connected through the pipe
123 with the chamber 124. Chamber 124 is con-
nected through the restriction 125 with a high
pressure pipe 126 leading from pump 55. This
high pressure pipe 126 is connected through the
passage 121 with the cylinder 128 in which recip-
rocates the valve 129. Valve 129 has a slabbed-
off portion 130 which forms with the partition
131 a variable opening leading from the chamber
128 to a low pressure chamber 33, This low
pressure chamber 133 communicates through the
low pressure pipe {35 to the low pressure cham-
ber 56. The valve 129 carries a roller 34 which

- engages with the cam 38 as before, described
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to the oil pump 55. This oil pump 55 is provided -

with a spring-loaded pressure relief valve 113.
Chamber {09 is connected through a pipe 114 to
the high pressure oil pipe 112 leading from pump
§5. Chamber 110 is connected through the pas-
sage 115 to a chamber {16, In this chamber
there slides a valve (17 having a slabbed-off sur-
face 118. ‘This slabbed-off surface (18 makes a
variable opening in the partition 139 between
chambers 116 and 122. High pressure oil in 112
is admitted to the chamber 1(6 through the re-
striction 120 so that the pressure in the chamber
116 is below that of pressure in the pipe (12, and
above that in the low pressure pipe (21, which

65
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78

relative to ‘Figure 1. _
Operation (Figs. 1 and 2)

Assuming that the air and fuel are flowing into
the engine, the amount of fuel flowing being
excessive so that the cam 36 is higher than it
should be, spring 93 pushes roller 34 against the
face of the cam 36, and as a result, piston valve
31 is moved to the right to uncover port 32, ad-
mitting oil under pressure to the pipe 43, which
admits oil under pressure through the passages
48, 49 and 50, also 66 and 95 and so to chamber
68. Piston 91 and servo valve 61 are thus pushed
to the right, compressing spring 88; the piston
65 moves to the right by action of the servomotor
valve 67 contained in it and a reduction in the
fuel due to movement of the lever 64 under in-
fluence of spring 96 occurs to bring the system
into equilibrium. The flow through the fuel
venturi 38 becomes lower and the pressure in
chamber 37 becomes higher.

Cam 36 then descends and the valve 31 comes
to a neutral position, closing port 32. The posi-
tion of port 32 is determined by the cam 19 which
is positioned by the chamber 15 in accordance
with the air flow through the venturi fi. By
this means, the cams 36 and {9 determine the
mixture ratio at every air flow and at every alti-
tude. When the density responsive device 21
causes the cam 19 to be moved normally to the
plane of the paper, a different cam surface is
substituted for the cam surface illustrated.

When the throttles 61 and 62 approach the
closed position, valve 46 and needle 47 move to
the left and the pressure in the chamber 68 is
thus regulated empirically when the throttles are
less than 10° open, 65° to 70° being wide open.
An empirical control of the fuel, when the throt-
tles are closed to below 10° open, is the most sat-
isfactory solution of the problem of controlling
the mixture ratio, both at idle and immediately
above idle. Obviously, at the low air flows asso-
ciated with small throttle openings, it is not pos-
sible to operate the automatic ratio controlling
means, as the flow through the venturi 12 creates
forces too feeble to be effective.

The quantity of air flowing past the throttles
61—62 increases .as the area of throttle opening
increases so long as the drop across the throttles
is equal to or greater than half the atmospheric
pressure. The shape of the needle 471 is thus
made to conform so that as the throttles open
the valve 47 increases the opening in the partition
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83. This decreases the pressure in the chamber
§1 and hence in the passage 66 and also in the
chamber 68, which allows the piston 81 to move
to the left. The servomotor valve 67 and piston
91 are thus moved to the left by the compression
spring 88. Or in other words, as the valve 47
moves to the right, the pressure in chamber 68
is reduced. As the servomotor valve moves to
the left, servomotor piston 65 also moves to the
left so that lever 64 also moves to the left so as
to increase the discharge of the fuel pumps 63.

10

When the throtile is opened, the lever 85 being

moved clockwise, piston 78 is moved to the left,
lowering the pressure in the chamber 71, there-
fore, lowering the pressure in the chamber 67.
There is thus a temporary condition during which
the spring 88 to the right of the piston 6% causes
a temporary increase in fuel flow by causing lever
64 to be moved temporarily to the left to increase
fuel flow. This takes care of acceleration.

The manual rotation of the shaft 42 moves the
cam 36 normal to the plane of the paper by means
of the lever 41. By this means a new cam surface
is presented to the roller 34; hence, the ratio of
fuel to air can be varied manually just as it can
be varied automatically by the element 21, .

The control of the fuel injection pumps require
considerable effort. If the piston 81 engaged
directly with the lever 64 without the second
servomotor piston 65 being interposed, the control
would be irregular due to the bressure required
to operate the lever 64. The servomotor 65 and
valve 67 multiply many times the force exerted
by the piston 91 so that a comparatively insignifi-
cant effort on ithe part of the piston 91 produces
8 very definite force on the lever 64. The effect
on the pressure in pipe 66 of the resistance of
lever 68 would be such as to interfere with the
empirical control of the fuel during the first 10°
movement of the throttles 61 and §2.

In the operating connection between. the ex-
panding chamber 37 and the sliding cam 36, be-
tween the expanding chamber {5 and the sliding
cam {9 and between the expanding chamber 21
and the sliding cam 189, I have found it desirable
to use large expanding chambers S0 as to obtain
sufficient power to overcome friction s0 as to move
the cam. Alternatively, if for reasons of space,
it is desirable to use relatively small expanding
chambers 5, 21 ang 37, servomotors and servo-
motor valves will be interposed between the ex-
panding chamber 37 and the sliding cam {8, be-
tween the expanding chamber (5 and the sliding
cam |9 and between the expanding chamber 2i
and the sliding cam 19, for example, such as the
servomotor 65—67, which operates the lever 64.

Operation (Fig. 3)

Assuming that an excessive quantity of fuel,
relative ta the air flowing through venturi 11,
is flowing through the venturi 38, then the cam
36 rises and the roller 3§ is pushed to the right
as the result of the oil pressure in the chamber
128. The slabbed-off portion 130 of valve 129
then increases the opening past the partition (31.
An increased flow then occurs past the restriction
128 into the chamber 24, Therefore, there is an
increased pressure drop at the restriction 125.
The pressure in 123, which equals the pressure in
{01, is therefore reduced, and hence is reduced.
below that in chamber 110.. The valve 104 is thus
moved to the left. High pressure oil then flows
down the pipe {14 and through the chamber 109
and passage 32 to the passage 68, which increases
the pressure in the chamber 68 of Figure 1, com-
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striction through 53 is not

6

presses the spring 88 and permits the lever 64 to
move to the right, reducing the fuel flow in the
fuel injection system 63. With the arrangement
shown in Figure 3, the cams 36 and {9 can be
located anywhere on the engine and the piston
valve 104 can be located anywhere so that the
problem of designing is simplified.

‘Low speed empirical operation (Figs. 1 and 3)

In both Figures 1 and 3, the valve 41 controls
the fuel-air ratio empirically when the throttles
61—62 approach the closed position for the reason
that when the needle 471 restricts the opening
through 53, the pressure in the chamber 5{ is
dominated by the flow of operating fluid under
pressure through the restriction 92. When the
throttles 61—62 are more than 10° open, the
needle 47 moves so far to the right that the re-
sufficient to permit
the restriction 92 to be effective. Hence, the
mixture ratio becomes great because the pressure
in 68 falls and the lever 64 rotates anti-clockwise
under the influence of the piston 91 and spring
88, servomotor piston 65 acting against the com-
pression spring 96. This increases the flow
through venturi 38 and establishes a rich mixture
which causes the cam 36 to rise and the automatic
feature of this invention thereupon becomes op-
erative as the throttle is moved from approxi-
mately 10° open to 70°, which is wide open. The
throttle opening with the throttles as shown 14

* Open are intended to be in the transition position
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between the position for empirical control of the
fuel flow and the position of automatic fuel
control by the two venturis 38 and 12.

What I claim is:

1. An empirical contro] for a fuel injection sys-
tem comprising gan air entrance, a throttle valve
therein, a fuel injection system, a control lever
therefor, g source of operating fluid under pres-
sure, a passage therefrom, g bypass therein, g
needle valve connected to said throttle valve and
located in said bypass and adapted to permit said
fluid to escape through said bypass, a restriction
in said passage upstream from sald bypass, a
servomotor, a fluid presure passage therefor con-
nected to said passage and located downstream
from said bypass, said servomotor being adapted
to control said fuel injection system during the
initial opening movement of sald throttle.

2. Fuel control means for the fuel injection
system of & multi-cylinder internal combustion
engine comprising an air induction passage,
means in said passage responsive to air flow.
therethrough to provide g differential fluiq pres-
sure proportional fo air flow, a source of liquid
fuel under pressure, a fue] supply passage con-
nected thereto, a fuel injection system connected
to said passage and adapted to inject fuel under
bressure into said engine, control means for said
fue] injection system, including means responsive .
to the fuel flow in said fuej Passage to provide g

_ differential fluig Dressure-proportional to the rate
- of fuel flow, an air cam movable by the air dif-

a5
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ferential pressure,-a fuel cam movable by the fuel -
differential presshre, a source of operating fluid
under pressure, g servomotor valve therefor hav-
ing two parts, one controlled by the air cam, the
other controlled by the fuel cam, a servomotor, g
fluid passage connecting the servomotor with said
two-part servomotor valve so as to control the
movement of said servomotor, said control means
for said fuel injection system being adapted to
be controlled by said servomotor whereby the
quantity of fuel discharged by said fuel injection
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system is increased or decreased depending upon
whether the measured rate of fuel flow is respec-
tively greater or less than that required to pro-
vide a predetermined variable fuel-air ratio for
the measured rate of air flow and in which a
throttle is provided in the air induction passage
and a needle valve is connected thereto and lo-
cated $0 as to control the supply of operating fluid
to said servomotor and to bypass the servomotor
valve and adapted after the throttle is flrst opened
and until the throttle has been -opened approxi-

‘mately 1/7 to move the control for the fuel in-

jection system empirically.

3. Fuel control means for the fuel injection
system of a multi-cylinder internal combustion
engine comprising an air induction passage,
means in said passage responsive to air flow there-
through to provide a differential fluld pressure
proportional to air flow, a source of lquid fuel
under pressure, a fuel supply passage connected
thereto, a fuel injection system connected to said
passage and adapted to inject fuel under pressure
into said engine, control means for said fuel in-
jection system, including means responsive to the
fuel flow in said fuel passage to provide a differ-
ential fluld pressure proportional to the rate of
fuel flow, an air cam movable by the air differen-
tial pressure, a fuel cam movable by the fuel dif-
ferential pressure, & source of operating fluid
under pressure, 8 servomotor valve therefor hav-

" ing two parts, one controlled by the air cam, the-

other controlled by the fuel cam, & servomotor, &
fluid passage connecting the servomotor with said
two-part servomotor valve so as to control the
movement of said servomotor, sald control means
for sald fuel injection system being adapted to be
controlled by said servomotor whereby the quan-
_tity of fuel discharged by said fuel injection sys-
tem is increased or decreased depending upon
whether the measured rate of fuel flow is respec-
tively greater or less than that required to pro-
vide a predetermined variable fuel-air ratio for
the measured rate of air fiow and in which there
is ‘an independently and manually operated fuel
cut off valve located so as to control the supply of
operating fluid to said servomotor and to bypass
the servomotor valve and adapted to move the
control for the fuel injection system so that it
ceases to supply fuel to sald internal combustion
engine.

4. Fuel control means for the fuel injection sys-

8

fuel injection system is increased or decreased
depending upon whether the measured rate of
fuel flow is respectively greater or less than that
required to provide a predetermined variable fuel-
air ratio for the measured rate of air flow and in

- which the two-part servomotor valve comprises

10
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a hollow cylindrical outer valve, & piston slidably
mounted within said cylinder, a port in said cyl-
inder, said piston having a valve portion adapted -
when in the neutral position to close said port, a
high pressure port and a low pressure port in said
cylindrical valve located on opposite sides of said
valve portion whereby the movement of said valve
portion relative to said cylindrical valve switches
the operative pressure acting on said servomotor
from high pressure to low pressure through said
first mentioned port and vice versa.

5. Fuel control means for the fuel injection

" system of a multi-cylinder internal combustion

engine comprising an air induction passage, means
in said passage responsive to air flow there-

_through to provide a differential fluid pressure
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proportional to air flow, a source of liquid fuel
under pressure, a fuel supply passage connected
thereto, & fuel injection system connected to said
passage and adapted to inject fuel under pres-
sure intc said engine, control means for said fuel
injection system, including means responsive to
the fuel flow in said fuel passage to provide &
differential fluld pressure proportional to the rate
of fuel flow, an air cam movable by the air dif-
ferential pressure, a fuel cam movable by the fuel
differential pressure, a source of operating fluid
under pressure, a servomotor valve therefor hav-
ing two parts, one controlled by the air cam, the
other controlled by the fuel cam, s servomotor, &
fluid passage connecting the servomotor with sald
two-part servomotor valve so as to control the
movement of said servomotor, said control means
for said fuel injection system being adapted to be
controlled by said servomotor whereby the quan-

- tity of fuel discharged by said fuel injection sys-

45

50

tem of a multi-cylinder internal combustion en- -

gine comprising an air induction passage, means
in said passage responsive to air flow there-
through to provide a differential fluid pressure
proportional to air flow, a source of liquid fuel
under pressure, a fuel supply passage connected
thereto, & fuel injection system connected to said
passage and adapted to inject fuel under pressure
into said engine, confrol means for said fuel in-
jection system, including means responsive to the

55

fuel flow in said fuel passage to provide a differ-

ential fluld pressure proportional to the rate of

fuel flow, an air cam movable by the alr differ~

ential pressure, a fuel cam movable by the fuel
differential pressure, a source of operating fluid
under pressure, a servomotor valve therefor hav-
ing two parts, one controlled by the air cam,
the other controlled by the fuel cam, & servo-
motor, a fluid passage connecting the servomotor
with said two-part servomotor valve so as to con-
trol the movement of said servomotor, said con-
trol means for said fuel injection system being
adapted to be controlled by said servemotor
whereby the quantity of fuel discharged by said

70
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tem is increased or decreased depending upon
whether the measured rate of fuel flow is respec-
tively greater or less than that required to provide
a predetermined variable fuel-air ratio for the
measured rate of air flow and in which a throttle
is provided in the air induction passage, & moving
wall is connected thereto, a chamber closed at one
end by said moving wall, a connection from said
chamber to the fluid passage connecting the
servomotor valve to the servomotor, said moving
wall being adapted when the throttle is suddenly
opened to temporarily reduce the pressure in said
passage by expanding the chamber so as to move
said fuel injection control to the position for an
increase in fuel flow.

6. Fuel control means for the fuel injection
system of a multi-cylinder internal combustion
engine comprising an air induction passage,
means in said passage responsive to air flow
therethrough to provide a differential fluid pres-
sure proportional to air flow, a source of liquid
fuel under pressure, 8 fuel supply passage con-
nected thereto, a fuel injection system connected
to said passage and adapted to inject fuel under
pressure into said engine, contro]l means for said
fuel injection system, including means responsive
to the fuel flow in said fuel passage to provide a
differential fluid pressure proportional to the rate
of fuel flow, an air cam movable by the air dif-
ferential pressure, a fuel cam movable by the
fuel differential pressure, a source of operating
fluid under pressure, & servomotor valve engag-
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ing with the air cam, g second servomotor valve
engaging with the fuel cam, a servomotor, a
passage for fluid under pressure adapted to be
jointly controlled by both of said servomotor
valves and to be connected with said servomotor
so that the servomotor is operated by the fluid
under pressure and controlled by the relative
position of said cams, said control means for said
fuel injection system being adapted to be con-
trolled by said servomotor whereby the quantity
-of fuel discharged by said fuel injection system
is increased or decreased depending upon whether
the measured rate of fuel flow is respectively
greater or less than that required to provide a
predetermined variable fuel-air ratio for the
measured rate of air flow and in which a throttle
is provided in the air induction passage and a
needle valve is connected thereto and located so
as to control the supply of operating -fluid to said
servomotor and to bypass the servomotor valve
. and adapted after the throttle is first opened and
until the throttle has been opened approximsately
1/7 to move the control for the fuel injection sys-
tem empirically.

7. Fuel control means for the fuel injection
system of g multi-cylinder internal combustion
engine comprising an air induction passage,
means in said passage responsive to air flow
therethrough to provide a differential fluid pres-
sure proportional to air flow, a source of liquid
fuel under pressure, a2 fuel supply passage con-
nected thereto, a fuel injection system connected
to said passage and adapted to inject fuel under
pressure into said engine, control means for said
fuel injection system, including means responsive
to the fuel flow in said fuel passage to provide a
differential fluid pressure proportional to the rate
of fuel flow, an air cam movable by the air dif-
ferential pressure, a fuel cam movable by the fuel
differential pressure, a source of operating fluid
under pressure, a servomotor valve engaging with

. the air cam, a second servomotor valve engaging
with the fuel cam, a servomotor, a passage for
fluid under pressure adapted to be jointly con-
trolled by both of said servomotor valves and to
be connected with said servomotor so that the
servomotor is operated by the fluld under pressure
and controlled by the relative position of said

- cams, said control means for said fuel injection
system being adapted to be controlled by sald
servomotor whereby the quantity of fuel dis-
charged by said fuel injection system is increased
or decreased depending upon whether the meas-
ured rate of fuel flow is respectively greater or
less than that required to provide a predeter-
mined variable fuel-air ratio for the measured
rate of air flow and in which there is an inde-
pendently and manually operated fuel cut off
valve located so as to control the supply of operat-
ing fluid to said servomotor and to bypass the
servomotor valve and adapted to move the control
for the fuel injection system so that it ceases to
supply fuel to said internal combustion engine.

8. Fuel contro! means for the fuel injection
system of a multi-cylinder internal combustion
engine comprising an air induction passage,
means in said passage responsive to air flow
therethrough to provide a differential fluid pres-
sure proportional to air flow, a source of liquid
fuel under pressure, a fuel supply passage con-
nected thereto, a fuel injection system connected
to said passage and adapted to inject fuel under
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fuel injection system, including means respon-

“sive to the fue] flow in said fuel passage to pro-

vide a differential fluid pressure proportional to
the rate of fuel flow, an air cam movable by the
air differential pressure, a fuel cam movable by
the fuel differential pressure, a source of oper-
ating fluid under pressure, a servomotor valve
engaging with the air cam, a second servomotor
valve engaging with the fuel cam, a servomotor,
a passage for fluid under pressure adapted-to
be jointly controllzd by hoth of said servomotor
valves and to be connected with said servomotor
so that the servomotor is operated by the- fluid
under pressure and controlled by’ the relative
position of said cams, said control means for said
fuel injection system being adapted to be con-
trolled by said servomotor whereby the quantity
of fuel discharged by said fuel injection system
is increased or decreased depending upon whether
the measured rate. of fuel flow is respectively

-greater or less than that required to provide a

predetermined - variable fuel-air ratio for the
measured rate of air flow and in which a cylinder
divided into four chambers by three pistons con-
nected together, one end chamber being con-.
nected through a passage with the servomotor
valve engaging with the air cam, the other end-
being connected through a passage with the
servomotor valve engaging with the fuel cam,
one of the two intermediate chambers being
connected to the fluid under pressure, a central

port in sald cylinder, the middle of the three
pistons being adapted to control said central port,

said port being connected with said servomotor
for the purpose described.

9. Fuel control means for the fuel injection
system of a multi-cylinder internal combustion
engine comprising an air induction passage,
means in said passage responsive to -air . flow
therethrough to provide a differential fluid pres-
sure proportional to air flow, a source of liquid
fuel under pressure, a fuel supply bassage con-
nected thereto, a fuel injection system connected
to said passage and adapted to inject fuel under
pressure into said engine, control means for said
fuel injection system, including means responsive
to the fuel flow in said fuel passage to provide
& differential fluld pressure proportional to the
rate of fuel flow, an air cam movable by the air
differential pressure, a fuel cam movable by the
fuel differential pressure, a source of operating
fluid under pressure, a servomotor valve engag-
ing with the air cam, a second servomotor valve
engaging with the fuel cam, a servomotor, a pas-
sage for fluid under pressure adapted to.be joint-
ly controlled by both of said servomotor valves
and to be connected with said servomotor so
that the servomotor is operated by the fluid
under pressure and controlled by the relative
position of said cams, said control means for
said fuel injection system being adapted to be
controlled by said servomotor whereby the quan-
tity of fuel discharged by said fuel injection sys- -
tem is increased or decreased depending upon
whether the measured rate of fuel flow is respec-
tively greater or less than that required to pro-
vide a predetermined variable fuel-air ratio for
the meastured rate of air flow and in which a
throttle is provided in the air induction pas-
sage, a moving wall is connected thereto, & cham-
ber closed at one end by sald moving wall, a con-
nection from said chamber to the fluid passage
connecting the servomotor valve to the servo-
motor, said moving wall being adapted when the

pressure into said engine, control means for said 74 throttle is suddenly opened to temporarily re-
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duce the pressure in said passage by expanding
the chamber so a3 to. move aald fuel injection
control to. the. position for. an increase in fuel
flow.

10.: Fuel control means for’ the fuel anection
system of a multi-cylinder. internal combustion
engine. comprising an air. induction passage,
means in sald passage responsive to air flow
therethrough to provide a differential fluid pres-

sure proportional to.air flow, a source of hquid.

fuel under pressure, & fuel supply passage con-
nected thereto, a fuel injection system connected
to said passage and adapted to inject fuel under
pressure into said engine, control means for said
fuel mjection system, including means responsive
to the fuel flow in said fuel passage to provide
a differential fluid pressure proportional to.the
rate of fuel flow, an air cam movable by the air
differential pressure, a fuel cam movable by the
fuel -differential pressure, a source of operating
fluid under pressure, & servomotor valve engag-
ing with the air cam, a second servomotor. valve
engaging with the fuel cam, a servomotor, &
passage for fluid under pressure adapted to be
jointly . controlied by both of -said servomotor
valves and to be connected with said servomotor
so that the servomotor is operated by the fluid
under . pressure and controlled by. the. relative
position of said cams, said. control means for
sald fuel injection system being adapted to be
controlled by said servomotor whereby the quan-~
tity of fuel discharged by:, said fuel injection
system. is increased or decreased depending upon
whether. the measured. rate of fuel flow is re-

spectively greater or less than that required to 85

provide a. predetermined variable fuel-air ratio
for the measured rate of air flow and in which
the servomotor valve engaging with. said air-cam
is pressed into engagement therewith, said oper-

ating fluid acting on. the end.of said, servomotor 49 2,281,411

valve so as to provide said pressure .

11. Puel control means for the fuel injection
system ,of a multl-cylinder intemal combustion
engine comprising an. air induction passage,

means in said. passage responsive to air flow 45

therethrough to proyide a differential fluid pres-
sure proportional-to.air flow, a-source of liquid

10.

18

30
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fuel under pressure, & fuel supply passage con-
nected thereto, a fuel injection system connected
to sald passage and adapted to inject fuel under
pressure into sald engine, control means for
said fuel.injection system, including means re-
sponsive to the fuel flow in said fuel passage to
provide a differential fluid pressure proportional
to the rate of fuel flow, an air cam movable by
the air differential pressure, & fuel cam movable
by the fuel differential pressure,. a source of
operating fluid under pressure, a servomotor
valve engaging with the air cam, a second servo-
motor valve engaging with the fuel cam, a servo-
motor, a passage for fluid under pressure adapted

to be jointly controlled by both of said servo-

motor valves and to be connected with said servo-
motor so that the servomotor is operated by the
fluid under pressure and controlled by the rel-

"ative position of said cams, said control means

for said fuel injection system being adapted to
be controlled by said servomotor whereby the
quantity of fuel discharged by said fuel injec-
tion system is increased or decreased depending
upon whether the measured rate of fuel flow is
respectively greater or less than that required
to provide a predetermined variable fuel-air
ratio for the measured rate of air flow and in
which the servomotor valve engaging with said
fuel cam is pressed into engagement therewith,
said operating fluid acting on the end of said
servomotor valve so as to provide said pressure.
JOHN F. CAMPBELL.

REFERENCES CITED
The following refererices are of record in the

file of this patent:

UNITED STATES PATENTS

Number Name Date
Campbell __.______ April 28, 1942
© 2,341,257 wunsch woee Feb. 8, 1944
1,975,624 Simmen . Oct. 2, 1934
2,132,445 Schweizer - Oct, 11, 1938
. FOREIGN PATENTS
Number Country Date
- 113,026 Australia — oo May 2, 1941




