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1- 20 Claims.

The present invention relates to fuel supply
systems for internal combustion engines, and
particularly to systems of the type in which fuel
is injected directly info the combustion cham-
ber of the engine without first being mixed with

air. The invention is especially adapted for use
with engines of the spark ignition type, although -

its utility is not limited to such engines.
Such systems commonly use a set of injector

pumps, one for each cylinder of the engine, and.

means are provided to control simultaneously
the capacity per stroke of all the pumps so as to
regulate the quantity of fuel delivered to the
'‘combustion chamber at each stroke of the en-
gine. An injector pump mechanism of that type
" is shown in the copending application of Milton
E. Chandler, Serial No. 451,874, filed July 22,
1942, and assigned to the ass1gnee of the present
application.

It has been proposed to operate the pump ca~
" pacity control mechanism in accordance with
the flow of air thru the air induction system of
the engine, in such a manner &s to maintain the
. fuel-to-air ratio within suitable limits. In such
fuel supply systems, difficully has been encoun-
tered in controlling the pump capacity when the
rate of flow of air thru the induction system is
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relatively low. Under such conditions, the force -

produced by the device which meters the air fiow
is rather small, and the control of the pump
capacity by this small force tends to be erratic.

Other difficulties have been encountered in
such systems with respect to the control of the
pump capacity when it is desired to shut down
the engine. Under such conditions, the air flow
responsive means tends to maintain the pump at
a substantial capacity as long as the engine op-
erates, while the best method of stopping the en-
gine is to cut off the flow of fuel thru the pump
before the engine comes to rest, so that no un-
burned fuel remains in the cylinders of the en-
gine, :

It is therefore an object of my invention to
provide improved means for controlling the ca-
pacity of an injector pump mechanism for sup-
plying fuel to an internal combustion engine..

Another object is to provide, in & fuel supply
system including an injector pump mechanism
normally controlled by the rate of flow of com-
bustion air to the engine, improved means for
controlling the pumnp capacity under conditions
of low air flow.

Another object is to provide improved mech-
anism of the type described wherein the pump
capacity is controlled by the throttle position
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when the throttle is in a range of positions ad-
jacent its closed position,

A further object is to provide, in a fuel supply
system ‘of the type described, mechanism oper-
able by & manual lever independent of the throt-
tle for operating the pump capacity control. A
still further object is to provide such an arrange-.
ment which may be used to cut off the fuel flow.
thru the pumps completely, regardless of any
other factors which might control the pump ca-

-pacity under usual operating conditions,

Other objects and advantages of the present
invention will become apparent from a consid-
eration of the appended speciﬂca.tion claims and
drawings, in which

Pigure 1 represents, somewhat diagrammati-
cally, a fuel supply system for an internal com-
bustion engine, of the type to which my inven-
tion is applicable, .

Figure 2 illustrates, partially in perspective
and partially in section, an idle and cut off con-
trol adapted for use with the system of Figure 1,
and

PFigure 3 {llustrates a modified form of idle con- -
trol which may be applied to the servo motor of
Figure 1. .

Figure 1

There is shown in Figure 1 a passage {0 for
air fowing to an internal combustion engine,
This passage {0 includes a venturi portion 12
which produces a differential pressure varying
with the square of the velocity of the air flowing
thru the passage. The flow of air fhru the pas-
sage {8 is controlled by a throttle i4 fixed on & -
shaft 16 for rotation therewith.

The pressure differential set up by the venturi
12 produces a fliow of air thru a secondary air
passage extending from an impact tube 18 thru
a conduit 28, a restriction 22, a conduit 24, past
s valve 28 into a chamber 28 and thence thru a.
conduit 30 to the throat of venturi 12,

The pressure differential between the ends of, .
the secondary air passage may be divided into -
two component drops, one appearing across the
restriction 22 and the other across the valve 26,
The valve 26 is operated by a bellows 32 located
in the chamber 28. The bellows 32 is preferably
filled with s fluid having a suitable coefficient of
therma] expansion, so that the valve 26 is moved
in accordance with changes in the pressure and
temperature of the air in the chamber 28. The
pressure differential appearing across restriction

22 is thereby controlled both as a function of

the velocity and the density of the flowing air so

65 that that pressure differential is- a measure of
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the mass of air flowing
unit time,

“The fuel flowing to the engine comes from a

_tank (not shown) and passes thru a conduit 3,
a boost pump 36, a conduit 38, a pump 40, a con-
duit 42, a mixture control 44, a-jet system gen-
erally indicated at 46, and a conduit 48 to the
injector pumps (not shown).

The pump 36 is driven by an electric motor
indicated schematically at §0. The discharge
pressure of pump 36 is controlled by & pressure
relief valve 52, . .

Pump 40 is preferably driven by the engine and
its discharge pressure is controlled by a pressure
relief valve 54. :

The mixture control 44 includes a disc valve
56 fixed on a shaft 58. The disc valve 56 controls

the flow of fuel thru a pair of conduits 60 and 62 .

which connect the mixture control 44 to the jet
system 46. When the valve 58 is in the position
shown in full lines in the drawings, the mixture
control is said to be in its “lean” pesition, since
the fuel can then flow to the jet system only thru
the conduit 60. When the valve 58 is in the po-
sition illustrated in dotted lines in the drawings,
the mixture control is said to be in its “rich”
position, since the fuel can then flow thru both
conduits 60 and 62 to the jet system £6. It may
be seen that the valve 56 can be moved to a po-
~ sition wherein it cuts off the flow of fuel thru
both the conduits 60 and 62. The mixture con-
trol is then said to be in its “cut-off”” position.

When the mixture control is in its lean posi-
tion, fuel can flow to the.engine only thru & fixed
jet or orifice 64 and a parallel jet 66 controlled
by a valve 68 biased closed by a spring 70. ‘When
the mixture control is in its rich position, fuel
can also flow thru a fixed jet 12. The flow thru
theTjets 66 and 12 also passes thru another fixed
jet 14,

The function of the jet system is to control
the fuel flow as a function of the pressure differ-
ential across the jet system. When the mixture
control is in its lean position, a given pressure dif-
ferential indicates a certain rate of fuel flow.
When the mixture control is in its rich position,
the cross-sectional area open to the ‘
increased so that the same pressure differential
as before produces an increased fuel flow. Since
the pressure differential across the jet system is
controlled by the air flow, as hereinafter ex-
plained, it may be seen that the mixture control
may be used to select different fuel to air ratios
for different flight conditions. The Jet 66 and
the valve 68 controlling it are provided to increase
the fuel flow whenever the pressure differentials
across the jets exceeds. a predetermined value,
thereby producing an increase in the fuel-to-air
ratio at high power outputs. .

The pressure differential appearing across the
restriction 22 is applied thru a pair of conduits 16
and 18 to chambers 80 and 82, respectively, lo-
cated on opposite sides of a diaphragm 84 in a
pressure meter generally indicated at 86. The
pressure meter 86 also includes chambers 88 and
80. Chamber 88 is separated from the chamber
80 by a diaphragm 92 and chamber %d is sepa-
rated from the chamber 82 by.a diaphragm 94.

The diapbragms 92, 84 and 94 are connected to
the stem 96 of & valve 88 which controls the flow
of fuel to a servo motor. 100 which includes a
cylinder 102 enclosing a piston (84 which moves
a rack 186 cooperating with a gear 108 mounted
on 3 shaft 110, which is connected to suitable

¢

thru the passage 18 per-
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mechanism for controlling
injector pumps.

The chamber 88 is connecied by means of a
conduit 112 to the conduit 48 in the fuel line on
the downstream side of the jet system 46. The
chamber 90 of the pressure meter 86 is connected
by means of a conduit |i4 to the conduit 42 in
the fuel line on the upstream side of the jet sys-
tem #6. The conduit 114 also serves to supply
fuel under pressure to a pair of conduits 116 and
118 which are selectively connectable by the valve

the capacity of the

98 to conduits 120 and 122 leading to the oppo-

site ends of cylinder {02 of the servomotor 100.
Conduit §24 connects the valve 98 with the con-
duit 34 in the fuel line at the low presure side
of the pumps 36 and 40.

The fuel pressure differential across the jet sys-
tem, which is & measure of the rate of flow of

_fuel to the engine, is applied to the chambers 88

20
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and 90, with the high pressure in the chamber 90,
so that this pressure differential acts upwardly on
the valve 98. The air pressure differential, which
is & measure of the rate of flow of air to the en-
gine, is applied to the diaphragm 84 so that it
acts on the valve 98 in a downward direction as
viewed in the drawings.

When the fuel pressure differential is balanced
with the air pressure differential, the valve 98 is

at the position shown in the drawing. In this
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position of valve 98, no fugl flows to either end
of the cylinder 102 of servomotor 100,

If the amount of air flowing thru the passage
{0 increases, the force acting downwardly on the
diaphragm 84 increases, thereby moving the
valve 98 downwardly, and opening ports so that
fuel under pressure may flow from conduit (18

. into conduit 122 and the right end of cylinder
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fuel flow is .
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102. At the same time, the left end of cylinder
102 is connected thru a conduit (20 and valve
98 to the drain conduit 124. A pressure differ-
ential is thereby established across the piston 104,
causing it to move to the left, ‘and thereby mov-
ing rack 108 to the left. This rotates the gear
108 in a clockwise direction. The pump capac-
ity regulating mechanism is so designed that ro-
tation of gear 108 in a clockwise direction in-
creases the pump capacity, as indicated by the
legend in the drawings. The increase in the
pump capacity causes a corresponding increase
in the fuel flow, thereby increasing the pressure
differential across the jet system so as to pro-
duce a force acting upwardly on the valve 98 to
restore it to its neutral position. :
In-a similar manner, if the air flow decreases,
the valve 98 is moved upwardly to admit pres-
sure to the left hand side of cylinder 102 thru
conduits 116 and 120, and to connect the right end
of cylinder 102 to the drain conduit (24 thru
conduit 122. This produces a rotation of the in-
jector pump capacity control shaft in the oppo-
site, or capacity decreasing direction.
. A spring 126 acts upwardly on the lower end
of the valve 98, biasing it in a pump capacity de-
creasing direction. This spring is provided so
that when no air or fuel is flowing to the engine,
the pump capacity control will be operated to its
minimum capacity or cut-off position.

Figure 2

The dimensions of the air passage 10 must be
designed to provide sufficient capacity to sup-
ply air to the engine at its maximum required
output. When this is done, the air passage 0
is so large that the air pressure differential set
up in the venturi at low air flows is too small to
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. effectively control the valve 98 and hence the.
injector pump capacity., There is shown in Fig-
ure 2 8 mechanism by which the injector pump

capacity is controlled directly by the throtile

when the throttle reaches a predetermined range
of positions near its closed position,

The shaft I8 of Figure 2 is there identified as
the throttle shaft, but it may be any sheft suit-
ably connected to the throttle shaft so as to ro-

- tate concurrently with it. The left end of shait
18 in Pigure 2 is of smaller dismeter.than the
right end. The portion of the smell diameter ter-
minates at & shoulder §59,. and is splined as in-
dieated at 162.. A sleeve {54 is slidably received
on the spiines 182 and at its right end is pro-

S e '
from the position in which it appears in Figure
1. Therefore mmovement of the piston {84 in the

" jdle range in the construcfion illustrated causes

10
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vided with 2 flange {86, The movement of sleeve

58 to the right is terminated by the shoulder {88.

. The sleeve {54 has & groove. {88 cut in its surs-
face. For the greater portion of its length the
groove B8 is parallel to the ends of the sleeve
84 and (86, but near its upper énd, as viewed in
the drawings, the groove 158 curves toward the
left end of the sleeve {86,

Ths throttle shaft {8 rotates counterclockwise,
as viewed from its right hend end in Figure 2,
to close the throttle.

A bell crepk lever 162 is fized on a shaft 165 to
rotate therewith. One arm (88 of the lever 82
eztends upwardly therefrom and carries near its
upper end a pin {68, one end of which is adapted
to ride in the groove {§8.

The other arm (18 of the lever 182 extends to
the right from shaft {84 and carries & pin §72
which cooperates with & slot {74 in an elongated
grcunte member §18. The member {16 iz piv-
otally supported by o shaft {76, shown Dear. the
center of the member {76.

The lower end of member (716 is- pivotally e.t-
tached to a link {79 whose opposite end Is piv-
-otally attached to a rod (88 connected to piston
04 of the servomotor 181, which corresponds to
motor £08 of Figure 1.

‘The shaft §88 is connected to a vaive mecha-
nism {82 which controls the fow of Suld thry &
condult $84, which connects the opposite endg of
the cylinder {02. When the shaft {86 is in iis
normal position, as shown in the drawings, the

velve 82 is closed, but when the shaft 184 s

moved from its normal position in efther dirvec-
tion, then valve 182 is opemed to provide fuid
communication between the opposite ends of the
cylinder £82. :

As long as the throttie is opened by anything
more than s predetermined amount, the pin 188

rides in the portion of the groove 166 which 8-

paraliel to the ends of sleeve £84, and the posl-
tion of lever £62.does not change.. Al such thnes,
the piston {88 may reciprocate in the’ cylinder
i02, causing the element (78 to pivot aboul iis
supporting shaft 178, without causing eny move-
ment of pin {72 and lever 62,

As the throttle is moved toward closed posi-
tion, the pin 165 encounters the curved portion
of groove {88, which causes the bell crank lever
£52 and shaft 164 to be turned counter-clockwise,
This opens valve §82%; so that the opposile ends
of cylinder £82 are connected and the pressure

20

an operation of the pump capacity control in a
capaclty decreasing direction. :

It will be readily apparent fo those skilled in
the art that other contours of the groove 158 may
be used if other relationships between the throt-
tle position and the pump capacity setting are
desired. The contour jllustrated was chosen be-
cause it has been found that with & fixed pump
capacity setting, the actual fiow thru the pump

-per revoiution of the engine fends to increase

with decreased speed. Therefore, in order to pre-

‘vent the mizture from becoming too rich at low

speeds, the groove {68 is contoured to decrease:
the pump capa.city setting. If, with a particular
{ype of pump or engine an increased pump ca-~
pacity setting is required, the groove (58 would
be contoured s¢ that its upper end curved to the
right, as it appeers in Figure 2.

There is also provided in Figure 2 means
whereby manipulation of the mixture control

. shaft B8 to its cut off position causes.operation of
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fiuid suppHed o the cylinder under control of

valve 88 no longer hes any effect on the position
of the piston. At the same time, the pin (72
moves upwardly in the slot {74, thereby rotaiing
the member {16 on its support {18 and moving
the piston 186 to the right.as it appears in Fig-
ure 2. It should be noted that the pos!t*?n of
cylfm.der 102 a3 viewed in E'igure 21 rewersed

70
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the piston 164 and pump capacity control mech-
anism to its minimum capacity position.

For this purpose, there is fixed on the mixture
control shaft 88 a disc {88 having a groove (88
cub.in one of its Isteral surfaces. A lever {86 is
pivotally mounted on a shaft 132 and carries at
its upper end a pin 182 which rides in the groove

188, The lower end of lever 196 is adapted to co-

operate either with Sange {56 of the sleeve 154
?ggwith the vertical arm ies oz bell crank lever
Grocve 688 hes o porﬁon of constant redius
extending sbout the'shaft &8 as & cenfer. The
pin 164 rides in this portion of the groove when-
ever the mixture control shaft is in its lean or
rich positions, Unde these conditions, the lever
199 engages flange (88 and holds the sleeve
§6& against the shoulder i5¢ on the ghaft 8. ‘
At the opposite ends of the arcuate portion of
groove 1§88, the groove extends substantially
radlally of ‘the disc {88,  When the shaft 58 is
rotated counfter-clockwise to move the valve 66 to
its cut-off position, the pin £84 rides along this
radial portion of the groove 188, and thereby
causes the lever (88 to rotate in a clockwise di-
rection about its pivet §82. The lower end of jever
198 thereby moves to the left, engaging the upper- .

- end of erm {66 and rotsiing the bell eraxnk lever

(62 in g counter-clockwise direction.

The rototion of shafé {848 opens the valve (82
to teke the air flow responsive mechanism out of
control of the servomotor {€f. At the same time,
the pin $72 moves upwardly in the slot £14 rotat-
ing the element (78 counter-clockwise and mov-
ing the piston. {88 to the right, or in a pump ca-
pacity decreasing direction. The proportions of
the various levers should be such that when the
mixzture control shaft reaches its cut-off position,
the piston 184 is posiéively seb at 1ts minimum cg-
pacity positicn.

When the piston 184 is being positioned by the
mizture control shaft, the throtfle has no control
over the piston, since the sleeve i84 then slideson
the splines 162 slong the shaft (€, and ihe posi-
tion: of pin §88 In groove §88 has no effect on the

- pozition of the piston 184,

While I have iDustrated the disc {88 as being
fized on the mizture control shaft, it should be

. apparent thet it may with equal facility be placed

on g separate chaft which may be manuslly ep-
erated to gef the pump capacity.
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Figure 3

There is shown in Figure 3 an alternative ar-
rangement by which the throttle position may be
used to control the injector pump capacity in the
idle range.

In Pigure 3, the throttle shaft 16 carries a drum
200 having a cam groove 202 cut in its surface. A
follower 204 rides in this groove and is attached
to a rod 206. ‘The rod 206 has a portion 208 of
relatively small diameter. This portion 208 serves
as a valve to control the flow of fuel from the
conduit 120, which may be the same as conduit
120 of Figure 1, to a conduit 210 connected to the
right end of a cylinder 212. The cylinder 212 is a
part of a servo-motor mechanism generally in-
dicated at 214, which includes a hollow piston 216
connected thru s suitable rod 218 to the injector
pump ca.pamty control (not shown).

The fuel supply conduit 122 is connected to
the left end of cylinder 212. The rod 206 extends
into the cylindeér 212 and thru one end of the hol-
Jow piston 216. At the end of rod 208 inside the
piston 216 there is mounted g spring retainer 218,
and a spring 220 is held in compression between
the retainer 218 and the inside of piston 2186,

Just outside the piston 216, the rod 208 carries
a pair of spring retainers 222, between which is
compressed a spring 224. The retainers 222 are
on a portion of the rod 208 of relatively narrow
cross=section so that the separation of the re-
tainers 222 is limited by the shoulders at the ends
of that portion. The spring 224 has a spring rate
twice as great as that of the spring 220, so that
when no fluid pressures are acting on the piston
216, the retainers.222 are held against the shoul-
ders on the rod 206 by spring 224. The spring
220 holds the piston 216 against the right-hand
retainer 222. The springs 220 and 224 therefore
tend to maintain the left end surface of piston
216 aligned with the shoulder at the right end of
the narrow portion of rod 206.

When a pressure differential is applied to the
ends of cylinder 212 which tends to move the
piston 216 from its normal position with respect
to rod 206, it may be seen that that spring force
which the pressure differential must overcome is
the same regardless of the direction in which the
piston is to be moved. If the piston is to be
moved to the left, for example, the motion is
opposed by the spring 224 and aided by spring
220. As previously stated, the force of spring 220
is one half that of spring 224 so that the force
required to be overcome is just equal to one half
that of spring 224. If the piston is to move to
the right, on the other hand, the spring force to
be overcome is only that of spring 220, which as
previously stated is equal to one half that of
spring 224,

A by-pass conduit 226 connects the opposite
ends of the cylinder 212, and is opened by the
piston 216 when it reaches a predetermined po-
sition in its travel. When this by-pass is open,
the valve portion 208 of the rod 206 shuts off the
supply of fuel thru the conduit §20. The air fow
responsive mechanism cannot control the piston
216 when the by-pass 226 is open.

In designing the contour of the cam groove
202, many factors must be considered. In the
idle range, when by-pass 226 is open, the cam
positively determines the relationship between
throttle position and injection pump capacity.
In this range, it is usually best to determine em-
pirically the proper cam contour for a given
pump and engine. When the throttle is opened

15

20

25

30

35

45

50

66

60

65

70

75

8

beyond the idle range, the valve portion 208 of
rod 208 opens the passage 120 and the piston
218 closes the by-pass 226. The piston 218 is
then controlled chiefly by the valve 98 (Figure
1). The only influence of cam 202 at such times
is to determine the biasing force due to springs
220 and 224 which must be overcome by the pres-
sure .differential acting on the opposite ends of
the piston in order to set the rate of fuel flow at
any particular value. In order to minimize the
effect of this biasing force, the cam 202 should -
be designed to set the pump capacity control at
an optimum position for a given throttle posi-
tion. I prefer to base the design for the cam on
the assumption that the propeller governor con-

“trols the relationship between propeller speed and

horsepower output to maintain maximum Pro-
peller efficiency. If that is assumed, then for a
given throttle position, definite values of speed
and power are determined, and the cam may be
designed to give the best fuel to air ratio for those
conditions.

Of course, the engine is seldom controlled in
practice so that the speed and power output vary
in accordance with the ideal conditions assumed.
The variation from those ideal conditions is rela-
tively small under normal operating conditions,
however, If the cam is so designed, then the
throttle does most of the work of moving the
piston 218 and the injector pump capacity con-
trol mechanism, and the fluid pressure differen-
tial acting on the piston serves merely as a fine
adjustment. The operation of the piston by the
throttle aids in securing a rapid increase of the
fuel supply upon acceleration of the engine, since
a force is effective on the piston as soon as the
throttle is moved. Also, in case of failure of the
hydraulic control system, the injector pump ca-
pacity control mechanism is manually positioned
in accordance with the throttle position, so that
the engine receives a workable mixture, even
though it may not be the most desirable mixture.

While I have shown and described certain pre-
ferred embodiments of my invention, other mod-
ifications thereof will readily occur to those
skilled in the art, and I therefore intend my in-
vention be limited only by the appended claims,

I claim as my invention:

1. A fuel supply system for an internal com-
bustion engine, comprising injector pump mech-
anism for supplying fuel to said engine, means
for controlling the delivery of said pump mech-
anism, fluid motor means for operating said ca-
pacity control means including a pair of expan-
sible chambers separated by a movable wall and
a connection between said wall and said control
means, means for selectively supplying motive
fluid to said chambers to cause operation of said
contro]l means, a2 passage for air flowing to said
engine for combustion purposes, throttle means
for controlling the flow of air thru said passage, a
by-pass connection between the opposite ends of
said cylinder, and means effective upon move-
ment of said throttle means to & range of posi-
tions adjacent its closed position to open said
by-pass connection and to cause said wall to
move concurrently with said throttle means.

2. A fuel supply system for an internal! com-
bustion engine, comprising injector pump mech-
anism for supplying fuel to said engine, fluid mo-
tor means for controlling the delivery of said
pump mechanism including a piston moving in
a cylinder, means for selectively supplying mo-
tive fluid to the opposite ends of said cylinder to
cause operation of said control means, a passage
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for sir flowing to said engine for combustion
purposes, throttle means for controlling the flow
of air thru said pasx;;ge; & by-pass connection be-
tween the opposite ends of said cylinder, valve
means controlling sald connection, and means
effective upon movement of said throttle means

to a range of positions adjacent its closed posi-

£,£09,883

tion to open sald valve means and to operatively -

connect said throttle means to said piston.

3. A fuel supply system for an internal com-
bustion engine, comprising 2 conduit for supply-
ing fuel {o said engine, means for controlling the
flow of fuel thru said conduit, fiuid motor means
for operating said flow controlling means includ-
ing a pair of expansible chambers separated by
a movable wall and a connection between said
wall and said control means, means for selective-
1y supplying motive fuel to said chambers, a pas-
sage for air flowing to said engine for combus-
tion purposes, throftie means for controlling the
flow of air thru said passage, means responsive
to the rate of flow of air thru sald passage for
controlling said motive fuel supply means, and

"means effective upon movement of said throttle
means to g range of positions adjacent its closed
position to open & fluid connection between said
chambers and to operatively connect said fuel
flow controlling means to said throttle for con-
current operation therewith,

4. A fuel supply system for an internal com-
bustion engine, comprising injector pump meeh-
anism for supplying fuel to said engine, means
for controlling the delivery of said pump mecha-
nism, fluld motor means for operating said ca-
pacity control means including s piston moving
in a cylinder and a connection bstween said pis-
fon and said delivery control means, a passage for
air flowing to said engine for combustion pur-
poses, throttle means for controlling the flow of
air thru said passage, a by-pass connection be-
tween the opposite ends of said cylinder, said by-
pass connection being closed during normal en-

" gine power ocutput conditions, cem means con-
nected to said throttle for movement therewith,
follower means asscciated with said cam mesns, &
connection between said follower means and seid
piston so as to cause said piston to move con-
currently with said follower means, and mesns in
said connection for permitting movement of said
piston independently of said follower means, said
cam means and follower means cooperating when
said throttle means is in & range of positions ad-
Jacent its closed position to cause opening of sald
by-pass and concurrent movement of said throt-
tle means and saild piston. .

5. A fuel supply system for an internal com-
bustion engine, comprising injector pump mech-
anism for supplying fuel to said engine, fluid
motor means for controlling the delivery of said
pump mechanism including a piston moving in
a cylinder, a passage for air flowing to said en-
gine for combustion purposes, means responsive
to the rate of flow of air thru said passage for
controlling the flow . motive fluid to the oppo-
site ends of said cylinder, throttle means for con-

‘ trolling the fiow of air thru said passage, s by-
pass connection between the opposite. ends cf
said cylinder, valve means controlling said con-

nection. cam mesans movable with said throttle

means, a bell-crank lever having a normal posi-
tion and movable therefrom, a follower for said
cam means carried by one arm of said bell-crank
lever, means associated with said lever for operat-
ing said valve means, said valve means being
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closed when sald lever is in its normsal position

and being opened when said lever is moved from .
its normal position, & pin carried by the other

arm of said lever, an elongated membér having s

longitudinal slot for receiving said pin, & pivotal

mounting for said member at an intermediste -
point thereof, said mounting being aligned with
sald pin when said lever is in its normal position,
and & link connecting one end of sald member to
sald piston, said member permitting movement
of said piston independently of said follower
when said pin is aligned with said pivotal mount-
ing, and transmitting motion from said follower
to said piston when said pin is out of alignment
with said pivotal mounting, said cam means be-
ing contoured to maintain said iever in its normal
position when saild throttle is opened by more
than & predetermined amount and to move said
lever so as to open said valve means snd to cause
concurrent movement of said throttle means

‘and said piston as said throttle means approaches

its closed position. )

6. A fuel supply system for an internal com-
bustion engine, comprising injector pump mech-
anism for supplying fuel to seid engine, fuid
motor means for controlling the delivery of said
pump mechanism including a piston moving in
a cylinder, g passage for alr flowing to said en-
gine for combustion purposes, means responsive
to the rate of flow of alr thru said passage for
controlling the flow of motive fluid to the oppo--
site ends of sald cylinder, a by-pass connection
between the opposite ends of said cylinder, by-
pass valve means controlling said connection
a conduii for delivering fuel {o said pump mecha-
nism, cut-off valve means In said condulf, a
manual operaior for moving sald cut-off valve
means to closed position and means effective
upon closure of said cut-off valve means by said
operator to open said by-pass valve means snd
to cause concurrent movement of sald opers-
tor gnd sald piston. )

7. A fuel supply system for an internal combus-
tion engine, comprising injector pump mechs~
nism for supplying fuel to said engine, fuid mo-
tor means for controlling the delivery of saigd
pump mechanism including a piston moving in g
cylinder, a passage for air Jowing to sald engine
for combustion purposes, means responsive to
the rate of flow of air thru said passage for con-
trolling the flow of motive fluid to the opposite
ends of said cylinder, throttle means for control-
ling the flow of air thru said passage, & by-pass

- connection between the opposite ends of said ¢yl-
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inder, by-pass valve means controlling said con-
nection, means effective upon movement of said
throttle means t¢ a range of positions adjacent
its closed position to open said by-pass valve
means and to cause concurrent movement of sald
throttle means and said piston, & conduit for de- -
Hvering fuel to said pump ‘mechanism, cut-off

-valve means in said conduit, a manual oparator

for moving said cut-off valve means. to closed
position and means effective upon closure of said
cut-off valve means by said operator to open saig
by-pass valve means and to cause concurrent
movement of said operator and salg piston re-
gardless of the position of said throttle means.

8. A fuel supply system for an internal com-
bustion engine, comprising injector pump mech-
anism for supplying fuel to said engine, means
for controlling the delivery of sald pump mech-
enism, motor means for operating said delivery
control means, a passage for air flowing to said
engine for combustion purposes, means rcspon-




2,402,333

11 :
sive to the rate of flow of air thru said passage
for controlling said motor means, a conduift for
delivering fuel to said pump mechanism, cut-off
valve means in said conduit, 2 manual operator
for moving said cut-off valve means to closed po-
sition and means operable to cause concurrent
movement of said operator and said delivery con~
trol means regardless of the rate of flow of air
thru said passage.

9. A fuel supply system for an internal com-
bustion engine, comprising injector pump mech-
anism for supplying fuel to said engine, fluid mo-
tor means for controlling the delivery of said
pump mechanism including a piston moving in a
cylinder, a by-pass connection between the oppo-
site ends of said cylinder, valve means control-
ling sald connection, a lever having 3 normal
position and movable therefrom, means associ-
ated with said lever for operating said valve
means, said valve means being closed when said
lever is in sald norma] position and being moved
to open position when said lever is moved from
its normal position, a pin carried by an arm of
said lever, an elongated member having a longi-
tudinal slot for recelving sald pin, a pivotal
mounting for said member at an intermediate
point thereof, said pin being aligned with said
mounting when said lever is in its normal posi-
tion, a link connecting one end of sald mem-
ber to said piston, said member permitting move-
ment of said piston independently of said lever
when said pin is aligned with sald pivota: mount-
ing, and transmitting motion from said lever to
said piston when said pin is out of alignment with
said pivotal mounting,  manually operable con-
trol means for cutting off the supply of fuel to
said pump mechanism, and a connection between
said manual control means and said lever, said
connection being effective upon operation of said
manual control means to cut off the fuel supply
to operate sald lever in a pump delivery decreas-
ing direction.

10. A fuel supply system for an internal com-
bustion engine, comprising injector pump mech-
anism for supplying fuel to said engine, means
for controlling the delivery of said pump mech-~
anism, fluid motor means for operating said de-
livery control means including a pair of ex-
pansible chambers separated by a movable wall, a
connection between said wall and said delivery
control means, a passage for air flowing to said
engine for combustion purposes, means respon-
sive to the rate of flow of air thru said passage
for controlling the flow of motive fluid to said
chambers, throttle means for controlling the flow
of air thru said passage, a by-pass connection
between said chambers, by-pass valve means con-
trolling said connection, said valve means being
closed under normal engine power output condi-
tions, means effective upon movement of said
throttle means to a range of positions adjacent
its closed position to open said by-pass valve

. means and to zause movement of said delivery
control means concurrently with movement of
said throttle means toward closed position, a
conduit for delivering fuel to said pump mecha-
nism, valve means in sald conduit, a manual op-
erator for moving sald conduit valve mé&ans, and
means effective upon closure of said conduit valve

" means by said operator to open said by-pass valve
means and to cause concurrent movement of said
capacity control means in a delivery decreasing
direction regardless of the position of said throt-
tle means. ’

11. A fuel supply system for an internal com-
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bustion engine, comprising injector pump mech-
anism for supplying fuel to sald engine, means
for controlling the delivery of said pump mech-
anism, fluid motor means including a pair of ex-
pansible chambers separated by a movable wall,
a connection between said wall and said capacity
control means, a passage for air flowing to said
engine for combustion purposes, means respon-
sive to the rate of flow of air thru said passage
for controlling the flow of motive fluld to said
chambers, throttle means -controlling the flow of
air thru said passage, a by-pass connection be-
tween said chambers, valve means controlling
said by-pass connection, a shaft rotatable with
said throttle means, cam means splined on said
shaft so as to be slidable along said shaft, a bell-
crank lever having a normal position and mov-
able therefrom, a follower for said cam means
carrled by one arm of said bell-crank lever,
means associated with said lever for operating
said valve means, said valve means being closed
when said lever is in its normal position and be-
ing moved to open position when said lever is
moved from its normal position, a pin carried by

.the other arm of said lever, an elongated member

having a longitudinal slot for receiving said pin,
a pivotal mounting for said member at an inter-
mediate point thereof, said pin being aligned with
said mounting when said lever is in its normal
position, a link connecting one end of said mem-
ber to sald piston, said member permitting move-
ment of said piston independently of said lever
when said pin is aligned with said pivotal mount-
ing, and transmitting motion from said lever to
said piston when said pin is out of alignment
with said pivotal mounting, said cam means be-
ing contoured to maintain said lever in its nor-
mal position when said throttle is opened by more
than a predetermined amount and to move said
lever so as to open said valve means and to cause
movement of sald capacity control means in a
capacity increasing direction concurrently with
movement of said throttle means toward closed

" position, a conduit for delivering fueli to said
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pump mechanism, normally open valve means in
said conduit, a manual operator for moving said
conduit valve means and means for transmitting
motion from said operator to said lever so as to
move said lever from its normal position in a di-
rection to cause movement of sald capacity con-
trol means in a capacity decreasing sense when
said conduit valve means is moved toward closed
position, said cam means sliding along sald shaft
when said motion transmitting means is active,
so that said cam means does not interfere with
the operation of said motion transmitting means.

12. Control apparatus for a device to be selec-
tively positioned either manually or by fluid mo-
tor means including a pair of expansible cham-
bers separated by a movable wall which is con-
nected to said device, said control apparatus com-
prising means for supplying said chambers se-
lectively with motive fluid to cause movement of
said device in opposite directions, a by-pass
conduit connecting said chambers, by-pass valve
means in said conduit, a manually movable con-
trol element, & lever having a normal position
and movable therefrom, a connection between
said element and said lever, means assoclated
with said lever for operating said valve means,
said valve means being closed when said lever is
in its normal position and being moved to open
position when said lever is moved from its nor-
mal position, a pin carried by said lever, an elon-
gated member having a longitudinal siot for re-
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ceiving said pin, a pivotal mounting for sald
- member &t an intermediate point thereof, said
mounting being aligned with said pin when sald
lever is in its normal position, and a link con-
necting one end of said member to said wall, said
member permitting movement of said wall inde-
. pendently of said lever when said pin is aligned

with said pivotal mounting, and transmitting mo-.

tion from said lever to said wall when said pin
is out of alignment with said pivotal mounting.

18. A fuel supply system for an internal com-
bustion engine, comprising injector pump mech-
anism for supplying fuel to said engine, means
for controlling the delivery of sald pump mech-
anism, fluid motor means for operating said de-
livery control means including a pair of expan-
sible chambers separsted by a movable wall and
o connection between said wall and sald control
means, & passage for alr flowing to said engine for
combustion purposes, means- responsive to the
rate of flow of air thru said passage for selective-
1y supplying said chambers with motive fluig, &
by-pass conduit connecting said chambers, sald
by-pass conduit being closed under normal en-
gine power output conditions, 8 valve for shui-
ting off the supply of fluid to one of said cham-
bers, and means effective upon movement of said
throttle means to & range of positions adjacent
its closed position to close said shut-off valve and
open said by-pass conduit to terminate control
of said motor means by said air fiow responsive
meens.’ .

14. A fuel supply system for an internal com-
bustion engine, comprising injector pump mech-
anism for supplying fuel to sald engine, means
for controlling the delivery of said pump mecha-
nism, fAuld motor means for operating said de-
livery control means including s peir of expan-
sible chambers separated by a movable wall and
a connection between said wall and said control
means, g passage for air flowing to said engine for
commbustion purposes, means responsive to the
rate of flow of air thru said passage for selective-
ly supplying said chambers with motive fluid to
congrol the delivery of said pump mechanism,
throttle means for controlling the flow of air thru
seld passage, & rod extending thru said wall, a
pair of spring retainers carried by szid rod on
opposite sides of said wall, & pair of springs each
retained between one of said retainers and said
wall, said springs biasing said well to g predeter-
mined position relative to said rod, and & con-
nection between said throttle means ang said rod
for translating it concurrent'y with movement of
said throttle means.

15. A fuel supply system for gn internal com-
bustion engine, comprising Injector pump mech-
anizm for supplying fuel to said engine, means
- for controlling the delivery of said pump mech-
enism, fluid motor means for operating said de-
livery contrcl means including & pair of expan-
sible chambers separated by a movable wall and
& connection between said wall and said control
means, & passage for air flowing to sald engine
for combustion purposes, means responsive to
the rate of flow of air thru said passage for selec-
tively supplying seid chambers with motive fuid
to control the delivery of said pump mechanism,
throttle means for controlling the flow of air
thru said passage, a rod extending thru said wal,
& pair of spring retainers carried by said rod on
opposite sides of said wall, g pair of springs each
retained between one of said retainers and said
wall, said springs biasing said wall to a predeter-
mined position relative te said rod, cam means
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movable with said throttle, and cam follower
means attached to said rod for translating it con-
currently with movement of said throttie means,
said.cam means being contoured to position said
capacity control means at the position required
to produce the desired fuel to air ratio when the
relationships of the throtile opening, air flow,
and engine speed are those obtained when the
propeller load is controlled with respect to power
output to secure maximum propeller efficiency.
16. A fuel supply system for an internal com-
bustion engine, comprising injector pump mech-
anism for supplying fuel to said engine, means
for controlling the delivery of said pump mechea-
nism, fluid motor means for operating said de-
livery contrel means including a piston movable
within & cylinder and s connection between said
piston and said control means, a passage for air
flowing to said engine for combustion purposes, -
mesans responsive to the rate of flow of air thru
sald passage for selectively supplying the ends
of said cylinder with motive fluid to control the
delivery of said pump mechanism, throttle means
for controlling the flow of air thru said passage, a
rod extending thru said wall, & pair of spring re-
tainers carried by seid rod on opposite sides o7
sald wall, g pair of springs each retained between .
one of said retainers snd sald wall, seid springs
biasing said wall to & predetermined position rel-
ative to said rod, g connection between said throt-
tle means and said rod for translating it concur-
rently with movement of said throttle means,
and a by-pass condult connecting one end of said
cylinder with & port on the side of said cylinder
which is uncovered by said piston 2t a point. in
its travel corresponding to a nearly closed posi-
tion of said throttle means, said by-pass conduit
being effective when open to prevent control of
said piston by said sir flow responsive means.
17. A a fuel supply system for an internal com-
bustion engine, comprising iniector pump mech-
anism for supplying fuel to sald engine, means
for controlling the delivery of sald pump mecha-
nism, fuid motor means for operating said de-
livery control means including g palr of expan-
sible chambers separated by s movable wall and
& connection between said wall and saad control
means, 8 passage for air flowing to sald engine
for combustion purposes, means responsive to the
rate of flow of air thru said passage for selec-
titvely supplying said chambers with motive fluid
to control the delivery of said pump mechanism,
throttle means for controlling the flow of air thru
said passage, 8 rod extending thru said wall, a
pair of spring retainers carried by said rod on op-
posite sides of said wall, g pair of springs each
retained between one of said retainers gnd sald
wall and biasing said wall to g predetermined

- position relative to said rod, a connection be-
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tween said throttle means and said rod for trans-
lating it concurrently with movement of said
throttle means, a by-pass conduit connecting
said chambers, and means movable to open said
by-pass conduit to place sald capacity control
mesans Under direct control of said throttie means.

18. A fuel supply system for an interna] com-

‘bustion engine, comprising injector pump mech-

anism for supplying fuel to- said engine, means
for controlling the delivery of said pump mech-
anism, fiuid motor means for operating saiq de-
livery control means including a pair of ex-
pansible chambers separated by & movable wall
and a connection between said wall and said con-
trol means, a manually movable control device,
& passage for combustion alr flowing to said en-
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gine, a second control device responsive to the
rate of air flow thru said passage, valve means
operated by said second control device for regu-
lating the supply of motive fluid to said chambers
to cause operation of said control means, me-

chanical connecting means associated with said *

manusl control device and said movable wall and
operable selectively to cause concurrent move-
ment of said manus] device and sald wall or to
permit independent movement of said device and
said wall, a by-pass connection between said
chambers, a valve in said by-pass, and a com-
mon operator for said by-pass valve and said
mechanical connecting means, said operator being
movable between 2 first position wherein said
valve is closed and said connecting means per-
mits independent movement of said wall and a
second position wherein sald valve is open and
said wall is movable concurrently with said man-
ual control device,

19. A fuel supply system for an internal eom-
bustion engine, comprising injector pump mech-
anism for supplying fuel to said engine, means
for controlling the delivery of said pump mech-
anism, motor means for operating said delivery
control means, a passage for air flowing to said
engine for combustion purposes, means respon-
sive to the rate of flow of air thru said passage
for controlling said motor means, means for in-
terrupting control of said motor means by said
air flow responsive means, a manually movable
control device, mechanical connecting means as-
sociated with said manual control device and said
motor means and operable selectively to cause
concurrent movement of said manual control
device and said motor means or to permit in-
dependent movement of said motor means, and
a common operator for said interrupting means
and said connecting means, said operator being
movable between a first position wherein said air
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flow responsive means controls said motor means
and said connecting means permits independent

- movement of said motor means and a second po-

sition wherein control of said motor means by
said air flow responsive means is interrupted and
said motor means moves concurrently with said
manual contro} device.

20. A fuel supply system for an internal com-
bustion engine, comprising injector pump mech-
anism for supplying fuel to said engine, means
for controlling the capacity of said pump mech-
anism, motor means for operating said capacity
control means, a passage for air flowing to said
engine for combustion purposes, means responsive
to the rate of flow of air thru said passage for
controlling said motor means, throttle means for
controlling the flow of air thru said passage,
means for interrupting control of said motor
means by said air flow responsive means, me-
chanica] connecting means associated with said
throttle and said motor means and ‘operable se-
lectively to cause concurrent movement of said
throttle means and said motor means or to per-

. mit independent movement of said throttle means
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and said motor means, a common operator fer
said interrupting means and said connecting
means, said operator being movable between a
first position wherein said air flow responsive
means controls said motor means and said con-
necting means permits independent movement of
said motor means, and a second position wherein
control of said motor means by said air flow re-
sponsive means Is interrupted and sald motor
means moves concurrently with said throttle
means, and means effective upon movement of
said throttle means into a range of positions ad-
jacent its closed position to cause movement of
said operator to said second position. ’
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