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1. 
My invention relates to fuel injection meter 

ing mechanism. '. 
It has among its objects to provide an in 

proved fuel injection metering mechanism and, 
more particularly, to provide such a mechanism 
which, while not limited thereto, is especially 
adapted to use in connection with airplane en 
gines. A further object of my invention is to 
provide such an improved mechanism of the usual 
type wherein the quantity of fuel injected into 
the engine cylinders is maintained a function 
of air flow, but wherein it is made possible to 
eliminate all need for providing another Source 
of hydraulic pressure other than the fuel. Still 
another object is to provide an improved struc 
ture making it possible to utilize the preSSure of 
the fuel supplied by the fuel pump while obtain 
ing the desired control of the quantity of fuel 
delivered by the injectors throughout the Op 
eration of the engine. A still further object of 
my invention is to provide such improved con 
trolling mechanism especially adapted to use in 
connection with such a fuel pump and including 
improved reversible controlling mechanism 
adapted to vary the operation of a standard form 
of injector pump in response to Variations in air 
flow. These and other objects and advantages 
of my improvements will, however, hereinafter 
more fully appear. 
In the accompanying drawings, I have shown 

for purposes of illustration two embodiments 
which my invention may assume in practice. 

In these drawings: 
Figure 1 is a diagrammatic view of One form 

of my improved mechanism, and 
Fig. 2 is a like diagrammatic view of a modi 

fied construction. 
In the illustrative construction of Figure , 

I have shown an air meter, generally indicated 
at , and delivering air through an air passage 
2, controlled by a throttle 3, to any usual engine 
having usual cylinders, One of Which is indicated 
at 4 and to which fuel is delivered through an 
injector nozzle 5, while improved controlling 
mechanism is provided whereby the fuel delivered 
under pressure from a fuel pump is controlled 
in such manner that the quantity of fuel de 
livered by a usual injector pump 8 to the injector 
nozzle 5 is varied throughout the operation of 
the engine as a function of the air flow through 
the air meter , all as hereinafter more fully de 
scribed. 

16 Claims. (CI, 123-140) 
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Referring more particularly to the controlling 
mechanism, it will be understood that the pump 

2 
maintain a constant delivery pressure. Herein, 
a branched connection 9 leads from the pipe 6. 
to usual jets 0 and through separate parallel 
passages 2 and 3 respectively, the flow through 
which is controlled by a usual manual mixture 
control disc Valve 4. Here also an automatic 
enrichment jet 5 is connected in parallel with 
the jets O and , and all three open into a fuel 
passage 6 communicating through a metering 
orifice f with a fuel passage 8 having branch 
ing passages f9 and 20, hereinafter referred to, 
Thus, it will be apparent that fuel will be sup 
plied under pressure by the pump through the 
Several jets 0 and and Orifice under the 
usual control of the manual mixture control Wave 
4, while under overload conditions the enrich 
ment jet 5 will be automatically operated to 
enrich the mixture. 

COOperating to control the flow delivered into 
the fuel passage 8 in such manner as to main 
tain the flow through the injector nozzle 5 of each 
cylinder a function of the air flow through the 
air meter f, is improved cooperating controlling 
mechanism, herein including a diaphragm 2. 
This diaphragm is normally biased to the right 
by an axial spring 22 and has one side 23 of the 
diaphragm connected through a passage 24 and 
suitable impact tubes 24a with the scoop 25 of 
the air meter, while the other side 26 of the 
diaphragm 2 is connected through Suitable pas 
Sage, means 27 with the throat 28 of the air 
meter; a restricted connection 2a, being pro 
vided between the air passages 24 and 27, and 
an aneroid operated valve 29 being provided to 
modify the action of the throat pressure on the 
diaphragm 2f in accordance with variations in 
altitude. As shown, this diaphragm 2 has a 
valve rod 30 connected thereto and passing 
through any Suitable drain connected chamber 
30a, while a second diaphragm 3, herein a fuel 
diaphragm and smaller than the diaphragm 2, 
is attached to the right hand end of this rod, 
and a double spool valve 32 is also carried by this 
rod 30 and reciprocable in a chamber 33. As 
shown, the branching fuel passage 20 communi 
cates With a chamber 34 on One side of the dia 
phragm 3, while a passage 35 leads from the 
passage 6 and is connected by a passage 36 to a 
chamber 37 on the other side of the diaphragm 
3. The diaphragm 2 is subjected to the dif 
ferential of air pressures between the scoop 25 
and throat 28 of the air meter, which differen 
tial is, in accordance with the well-known prin 
ciples of Wenturi meters, a measure of the quan 

7 is of any suitable standard type adapted to 55 tity of airflowing to the engine. The diaphragm 
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3, on the other hand, is subjected to the pres 
sure differential across the jets 10, , is and 7, 
which differential is a measure of the quantity of 
fuel passing thru the jets. When the quantity 
of fuel supplied to the engine is proportioned 
to the quantity of air supplied, the forces acting 
on the diaphragms 2 and 3 are balanced, and 
the valve 32 is in the position shown in the 
drawing. If for any reason the proportionate 
relationship between the quantities of fuel and 
air supplied to the engine is disturbed, the valve 
32 is operated to control the fuel flow in a man 
ner hereinafter described, to restore that pro 
portionate relationship, 

Herein, the spool valve 32 is utilized to control 
the operation of improved controlling mechanism 
for the injector pump 8 in such manner as to vary 
the fuel delivered to the cylinder through the 
injector nozzle 5 as a function of the quantity 
of air supplied through the air meter . As 
shown, fuel from the chamber 37 passes into a 
port 38 in the valve 32 and longitudinally of that 
valve through an axial passage 39 therein. Spaced 
lands 40 and 4 are provided on the valve 32 for 
controlling the flow of fuel through passages 42 
and 43 which communicate with opposite ends 
44 and 45 of a cylinder 46. Fuel under pressure 
may thereby be admitted to the cylinder 46 and 
such fuel acts upon a piston 47 in that cylinder 
which controls the operation of the injector pump 
8, as hereinafter described. An annular outlet 
chamber 48 between the lands 40 and 4 com 
municates constantly with a drain passage 48a. 
When the valve 32 is moved to the right from the 
position shown in the drawings, fuel under pres 
sure is supplied thru the passage 42 to the left 
end 44 of the cylinder 46, while the right end 45 
of cylinder 46 is connected thru passage 43 and 
chamber 48 to the drain passage 48a. The piston 
47 is then moved to the right by the pressure 
differential across it. Likewise, when the valve 
32 moves to the left, the piston 4 is moved to 
the left. 
The drain passage 48a is connected thru pas 

sages 49 and 48b and a check valve 5 to a passage 
50 connected to the inlet of pump . It may be 
observed that in this manner the full pressure 
differential across pump is made available for 
operating piston 47. A booster pump 52, which 
supplies fuel to the inlet side of pump 7, is illus 
trated as having an adjustable liner 53 operated 
by a spring biased diaphragm 54 subject to the 
discharge pressure of the pump 52. It will also 
be noted that a check valve 55 is connected to 
the fuel passage 48a in such manner as to provide 
an outlet to a suitable drain or tank. It will be 
understood that the pump 7 may be of the same 
type as the pump 52 or of the more conventional 
relief valve controlled type. 
Whenever the booster pump 52 is operating, 

whether pump T is operating or not, the pressure 
of the fuel discharged by pump 52 closes check 
valve 5. Closure of check valve 5 causes pres 
sure to build up in passage 48b until it is sufficient 
to open valve 55. When booster pump 52 is not 
operating, the fuel entering passage 48a flows 
thru passage 48b and check valve 5, which is 
opened due to the suction at the inlet side of 
pump 7. This suction is transmitted thru passage 
48b to the check valve 55 where it acts to hold 
that valve closed. 

Fuel pumps such as that shown at are usually 
driven by the engine, while booster pumps such 
as 52 are usually operated from a separate Source 
of power, for example, an electric motor, The 
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4 
booster pump is normally used only during start 
ing, or when the main pump does not, for some 
reason, supply sufficient fuel. The check valve 
arrangement described above, whichI provide for 
controlling the connections of the fluid drain 
from the servo-motor, permits the use of both 
pumpS as a source of power for the servo-motor 
when both are operating, and the use of only the 
pump as a source of power when that is the only 
one operating. The loss of the power required 
to force the servo-motor operating fuel thru the 
pump 52 when that pump is not being driven, is 
thereby eliminated, and the full pressure differ 
ential across pump T is available for operating 
piston 47. 
The displacement of the injector pump 8 is 

Controlled by the position of piston 47. As shown, 
the rod of the piston has rack teeth 56 formed 
thereon which mesh with a substantially wider 
pinion 57 on the injector pump plunger 58. The 
pump illustrated is of the Bosch type and has 
its plunger 58 reciprocable in a cylinder 64. The 
plunger 58 is formed with a scroll 59a, and is 
provided with the usual cut away portion 59. The 
plunger is reciprocated by a cam 60 carried on 
a suitable engine driven shaft 6 and operating 
on the end of the plunger. As shown, the fuel 
chamber 34 adjacent the fuel diaphragm 3 is 
connected by a passage 34a in such manner as 
to deliver metered fuel to an inlet chamber 62 
surrounding the injector pump and communi 
Cating through lateral inlet passages 63 with the 
pump cylinder 64. One of these inlet passages 
also serves as a relief port for the cylinder 64 
when it is uncovered by the Scroll on the cut away 
portion 59a near the end of the injection stroke. 
The exact point in the injection stroke at which 
the injection of fuel is cut off is thus determined 
by the angular position of the pump plunger 58. 
As usual in Such pumps, fuel is also supplied from 
the pump cylinder 64 through a check valve 65 
to a pipe 66 leading to the injector nozzle 5. 
Accordingly, as the piston 47 is moved in opposite 
directions in the cylinder 46 in response to varia 
tions in air flow, the plunger 58 is also rotated 
to vary the amount of fuel delivered from the 
pump cylinder 64, so that the quantity of fuel 
delivered by the pump also varies as a function 
of air flow. 
I have also provided improved automatic con 

trol mechanism for use in idling. The same in 
cludes a spring biased diaphragm mechanism 
subject to metered and unmetered fuel pressures 
whereby the flow of fuel to a manually controlled 
idle valve 67 is automatically cut off as the throte 
tle opens. As shown, this mechanism includes a 
diaphragm 68 having a chamber 69 at One side 
of the same communicating with the unmetered 
fuel in the passage 35 through a passage T0, while 
a chamber 7 on the opposite side of the dia 
phragm is supplied with metered fuel through 
the passage 9. A valve 72 is carried by the dia 
phragm and controls a passage 73 leading from 
the chamber 7 to the air passage 2, while a coiled 
spring 74 normally biases the valve to open posi 
tion and the throttle connected idle valve 67 con 
trols the flow from the passage 73 into the air 
passage at a point on the engine side of the 
throttle. 

It has been found that with low power output 
and low engine speeds such as are encountered 
during idling, the operation of the fuel injector 
valves tends to be uneven and erratic. Further 
more, the pressure differential between chambers 
23 and 26 cannot be depended upon as an accu 

s 
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rate measure of the quantity of air entering the 
engine. Therefore, I have provided the idle valve 
67, the valve 72, and the spring 22 to control the 
fuel flow at Such times. 
The spring 22 acts on the valve 32 so as to main 

tain a minimum pressure differential between 
chambers 37 and 34. When the air pressure dif 
ferential acting on diaphragm 2 is Small, the 
spring 22 insures that the fuel pressure differen 
tial acting on diaphragm 2 never drops below 
that necessary to balance spring 22. The spring 
74 is set to open valve 72 when the fuel pressure 
differential drops below a value slightly larger 
than the minimum maintained by spring 22. 
When the valve 72 is open, the valve 67 pre 

dominates in the control of the quantity of fuel 
flowing to the engine. Altho fuel continues to 
flow thru the injector pumps 8, their operation 
is erratic at such times, while the valve 67 insures 
a minimum fuel flow, varying with throttle po 
sition. 
In effect, the control of the fuel Supply is trans 

ferred from the diaphragm 2 and the injector 
pumps 8 to the throttle operated valve 67 when 
the throttle is in the idling range. 

O 

5 

20 

In the operation of the complete mechanism, 
it will be apparent that as the quantity of air 
passing through the air meter is varied, the 
spool valve 32 will be adjusted by its diaphragm 
mechanism including the diaphragms 3 and 2, 
in such manner as to move the piston 4 to in 
crease or decrease the quantity of fuel delivered 
by the injector pump 8 through the injector no2 
zle 5. For example, if the air flow thru the pas 
sage 2 increases, the pressure differential between 
chambers 23 and 26 increases, causing a move 
ment of valve 32 to the right. As previously de 
scribed, this causes a following movement of 
piston 4 to the right, causing a rotation of the 
plunger 58 in a clockwise direction as viewed 
from the top. This moves the Scroll 590. So that 
the injection of fuel is terminated at a later point 
in the stroke of plunger 58, thereby increasing 
the quantity of fuel Supplied to the engine with 
each stroke of the plunger. The quantity of fuel 
flowing thru the jets is thereby increased, with 
a consequent reduction in pressure on the down 
stream side of the jets and in the chamber 34. 
The fuel pressure differential acting on the dia 
phragm 3 is thereby increased. AS SOOn as this 
fuel pressure differential has increased suff 
ciently to balance the increase in the air pressure 
differential, the valve 32 is restored to its balanced 
position, and movement of piston 4 stops. In a 
similar manner, it may be seen that a decrease 
in air flow causes a movement of valve 32 to the 
left and a following movement of piston 4 to 
decrease the displacement of the pump 8 and 
decrease the fuel pressure differential acting On 
diaphragm 3 so as to restore valve 32 to its nor 
mal position. w 
The operation of the diaphragm 2 will also 

be modified by the aneroid controlled valve 29 
in accordance with variations in altitude, while 
during overload conditions the enrichment jet 5 
will automatically operate to enrich the mixture 
in a usual manner. Also, should the main pump 

be incapacitated for any reason, the booster 
pump 52 will hold the check valve 5 closed in 
such manner that the pressure of the fuel in the 
passage 48a leading from the spool valve 32 will 
then open the check valve 55 to establish Com 
munication to a suitable drain or tank. In idling, 
the automatic control of the metered fuel pro 
vided by the valve 2 will also function as pre 
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6 
viously described to control the flow past the 
manually operated idle valve 6. 
In the modified construction shown in Fig. 2, 

the mechanism is generally similar to that here 
tofore described as regards the control of the 
injector pump and the variation of the quantity 
of fuel delivered thereby as a function of air flow. 
However, the control mechanism is modified in 
various respects and is of the electrical type. 
The diaphragm 2 a corresponds to the diaphragm 
2 and is provided with similar connections to 
the throat and scoop which need not be further 
described. Herein, however, the rod 30 carries 
a tapered valve 75 which is connected to a smaller 
fuel diaphragm 6 and controls the flow of fuel 
from a chamber 7 on one side of this diaphragm 
through a valve passage 78 into a chamber 79 
having a suitable communicating drain 80 leading 
to a suitable tank, Or, if desired, to the air passage 
2. Herein, fuel is supplied to the chamber 77 
through a passage 8 connected to one side 82 
of a large fuel diaphragm 83 which in turn re 
ceives fuel through a restriction 84 from the pipe 
85 leading from the outlet of the fuel pump . 
The opposite side 86 of the diaphragm 76 is con 
nected through a passage 87 with an extension 
88 of the passage 85. When the valve 75 is closed, 
it may be seen that no pressure differential exists 
across the diaphragm 6. As the air flow in 
creases, the diaphragm 2 a moves valve 75 in an 
opening direction, resulting in a decrease in pres 
sure in chamber 77, since the fuel in that chamber 
is released thru Valve 5. As Soon as the valve 
has moved far enough so that the pressure dif 
ferential acting On diaphragm 6 balances the 
air pressure differential acting on diaphragm 2a, 
the movement of the valve ceases. In this man 
ner the pressure in chamber 7 is made to vary 
inversely as the quantity of air flowing thru the 
passage 2. This pressure is communicated to 
chamber 82 adjacent the diaphragm 83, where it 
acts to move diaphragm 83 to the left upon an 
increase in the quantity of air entering the engine. 
The chamber 93 on the opposite side of dia 
phragm 83 is connected thru the passages 95 and 
96 to the main fuel line on the downstream side 
of the metering jets. The difference between the 
pressures in chambers 82 and 93 varies with the 
pressure differential across the jets, and therefore 
is a measure of the quantity of fuel flowing thru 
the jets. The force on diaphragm 83 due to this 
fuel pressure differential acts to the right When 
the quantity of fuel increases. The diaphragm 
83 is positioned in accordance with the balance 
between two opposing forces, one indicative of the 
quantity of air entering the engine, and the other 
indicative of the quantity of fuel entering the 
engine. 
The diaphragm 83 operates mechanism for 

controlling the operation of a reversible electric 
motor 89 which drives the rack 56 and thereby 
controls the volume of fuel delivered through the 
injector nozzle 5 to the engine cylinder 4. As 
diagrammatically shown, this diaphragm 83 con 
trols the circuit connections for this notor. A 
stationary contact 9 is located in the chamber 
82 on one side of the diaphragm 83 and another 
stationary contact 90 is located in the chamber 
93 on the opposite side thereof. Altho these Con 
tacts have been shown, for convenience in draw 
ing, inside the fuel filled chambers 82 and 93, it 
will be understood that these contacts will, in 
practice, preferably be disposed outside of these 
chambers in any well known manner. The con 
tacts 9 and 90 are suitably connected to the 
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motor terminals by conductors 9 and 98 respec 
tively and the diaphragm 83 is also connected to 
a motor terminal by a conductor 99. The current 
flow through the motor 89 will be automatically 
controlled in Such manner as to control the 
pinion 57 of the injector pump 8 to vary the 
quantity of fuel supplied to the injector nozzle 5 
as a function of air flow. 
For example, when the air flow thru passage 2 

decreases, the air differential pressure acting to 
the right on the diaphragm 2a decreases. Walve 
75 then moves to the left until the pressure in 
chamber 77 is increased sufficiently so that the 
differential between the fuel pressures in cham 
bers 86 and 77 is reduced to balance the reduction 
in the air differential pressure. The increased 
pressure in chamber 77 is communicated thru 
passage 8 to the chamber 82, where it moves 
diaphragm 83 to the right, causing engagement 
of contact 90 by the contact carried by diaphragm 
83. An energizing circuit for motor 89 is thereby 
completed, which causes operation of motor 89 
in a direction to move rack 56 to the left, thereby 
decreasing the displacement of injector pump 8. 
This decreases the quantity of fuel flowing thru 
the jets, and increases the preSSure in passages 
96 and 95 and chamber 93. This action continues 
until the pressure in chamber 93 has increased 
sufficiently to break the contact between the dia 
phragm-carried contact and stationary contact 
90. When that contact is broken, the fuel flow 
will have been reduced to balance the reduction 
in the air differential pressure. In a similar man 
ner, it may be seen that an increase in air flow 
causes a proportionate increase in fuel flow. 
A second passage 94 is provided for admitting 

fuel to the chamber 82 under certain conditions. 
The passage 94 is not restricted, and is controlled 
by the mixture control valve 4. When the mix 
ture control valve is turned to a position wherein 
the passage 94 is open, fuel under high pressure 
is admitted to chamber 82, and the valve 75 no 
longer controls the pressure in chamber 82. The 
pressure in chamber 82 is thereby positively made 
higher than the pressure in chamber 93, and the 
switch contact 90 is engaged by the contact on 
diaphragm 9, and motor 89 is energized to drive 
the rack 56 in a fuel flow decreasing direction. 
In this manner, the valve 94 may be utilized as 
a manual control to completely cut off the flow 
thru the pump 8. The valve 4 may preferably 
be constructed so that the passage 94 is opened 
at the same time that the fuel flow thru the jets 
f0, and f2 is cut off. 
In this construction, an improved accelerating 

control mechanism is also provided. As shown, 
a passage 100 leads from the passage 8 and the 
flow through passage 00 to a suitable drain. Of 
is controlled by an accelerating control valve 02. 
The latter is carried by a diaphragm 03 and 
biased to closed position by a spring 04 in an air 
chamber 05. A small bleed 06 provides com 
munication between chamber fos and an air pas 
sage 108. A chamber Ol. On the opposite side of 
the diaphragm communicates through the air 
passage 08 with the air passage 2 at a point on 
the engine side of the throttie 3. Thus, when the 
throttle 3 is suddenly opened, the pressure in 
passage 08 will be quickly built up and trans 
mitted to the chamber 07 in such manner as 
thereby to move the diaphragm 03 to the right 
while compressing the spring O. Accordingly, 
the accelerating control valve O2 will be moved 
to the right to permit flow from the passage 8 

through the passage 100 to the drain to and 
accordingly reduce the pressure in the chamber 
82. On one side of the fuel diaphragm and thus 
through the contact 9, establish circuit connec 

6 tions causing the motor 89 to be rotated in such 
a direction as temporarily to increase the fuel 
flow through the injector nozzle 5. However, it 
will be apparent that this action will be only 
temporary since, due to the provision of the bleed 

10 06, the pressure will gradually equalize on oppo 
site sides of the diaphragm iO3 so that the spring 
may thereupon again close the accelerating con 
trol valve O2. 

Herein also improved means operative auto 
15 matically during idling are also provided. These 

include an idling valve 09 carried on a dia 
phragm if which is biased toward open position 
of the valve by a spring . The chamber 2 
on the side of the diaphragm ff0 which carries 

20 the valve fo9 is connected to fuel passage 96 so 
that metered fuel is supplied to this side of the 
diaphragm while the chamber 3 on the other 
side of the latter is connected to passage 88 and 
unmetered fuel is supplied to that side of the 25 diaphragm. Thus, with the valve 09 controlling 
a passage 4 connected through a suitable re 
Striction to the air passage 2 at a point on the 
engine side of the throttle 3, it will be apparent 
that when the throttle is moved to idling position, 

30 a flow of fuel through the passage 4 will be 
automatically provided. The idle valve 5 is 
operated by movement of the throttle, in the 
Same manner as the idle valve. 67 of Figure 1. 
This valve 5 controls the flow of fuel thru both 

35 the passages 96 and 6, but its closing movement 
is limited so that it cannot completely cut of the 
flow of fuel from the passage 8 into the passages 
96 and 6. 
In the operation of this mechanism, it will be 

40 apparent that the quantity of air flow through 
the passage 2 will control the injector pump 8 
generally as in the modification of Figure 1, i. e. 
in such manner as to vary the quantity of fuel 
delivered to the cylinder as a function of air flow. 

45 Here, however, instead of hydraulic control 
means, the electrical control means provided will 
effect the desired reversals of the motor 89 to 
control the operation of the pump 8 as required, 
Moreover, the hydraulic connections which are 

60 provided are such as to enable the controlling fuel 
diaphragm 83 to have its action further modified 
as desired by the accelerating control mechanism 
provided, and also by the manually operated mix 
ture controlling valve. 

55 While I have in this application specifically 
described certain embodiments which my inven 
tion may assume in practice, it will be understood 
that the same are shown for purposes of illus 
tration, and that the invention may be modified 

60 and embodied in various other forms without 
departing from its spirit or the scope of the ap 
pended claims. 
What I claim as new and desire to Secure by 

Letters Patent is: 
66 1. In a fuel supply system for an internal com 

bustion engine, in Combination, means for Con 
veying air to said engine for combustion purposes, 
an injector pump for delivering fuel to said 
engine, a fuel pump for Supplying the inlet of 

70 said injector pump with fuel under Superatmos 
pheric pressure, means for controlling the quan 
tity of fuel delivered to said engine by said in 
jector pump, electrical motor means for driving 
said output controlling means, pressure respon 

75 sive switch means for controlling said motor 

. 

s 
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means, conduit means connecting the discharge 
of said fuel pump to said pressure responsive 
switch means, valve means for controlling the 
flow of fuel thru said conduit means independ 
ently of the pressure of the fuel discharged by 
said fuel pump, and Ameans responsive to the 
quantity of air supplied to Said engine for Oper 
atting said valve means. 

2. In a fuel supply System for an internal Com 
bustion engine, in combination, a conduit for 
Supplying air to Said engine for combustion pur 
poses, a throttle for controlling the flow of air 
thru Said Conduit, an injector pump for deliver 
ing fuel directly to said engine, means responsive 
to the quantity of air flowing thru said conduit 
to control the delivery of Said injector pump, 
means operative as an incident to a decrease in 
said, quantity below a predetermined value to 
permit an additional flow of fuel to said conduit 
at a point Spaced from said engine, and means 
responsive to the position of Said throttle for con 
trolling said additional flow. 

3. In a fuel Supply System for an internal Com 
bustion engine, in combination, a first conduit 
for conveying air to said engine for Combustion 
purposes, a second conduit for Conveying fuel to 
said engine, means for supplying fuel to said 
Second conduit under Superatmospheric pressure, 
means associated with said first conduit for pro 
ducing two unequal pressures whose difference is 
a measure of the quantity of air flowing there 
thru, a metering restriction in Said Second Con 
duit, means for controlling the pressure differen 
tial across said restriction to control the flow of 
fuel therethru, a third conduit Supplied with fuel 
from said Source and including a restriction, an 
expansible chamber connected to said third con 
duit and having a movable wall operatively con 
nected to said pressure differential controlling 
means for positioning the same, valve means for 
controlling the flow of fluid thrul said third Con 
duit and thereby the pressure in said chamber 
and the position of said pressure differential con 
trolling means, means subjected to Said two un 
equal pressures for operating said valve means 
in accordance with the difference of Said pres 
sures, and manually operable means for control 
ling the pressure in said chamber so as to position 
said pressure differential controlling means in a 
fuel flow preventing position. 

4. In a fuel Supply system for an internal com 
bustion engine, in combination, a first conduit 
for conveying air to Said engine for combustion 
purposes, an injector pump for delivering fuel to 
Said engine, a second conduit for conveying fuel 
to said injector pump, means for supplying fuel 
to said second conduit under superatmospheric 
pressure, means associated with said first conduit 
for producing two unequal pressures whose differ 
ence is a measure of the quantity of air flowing 
therethru, means for controlling the quantity of 
fuel delivered to Said engine by Said injector 
pump, a third conduit supplied with fuel from 
Said Source and including a restriction, an ex 
pansible chamber connected to said third con 
duit and having a movable Wall operatively con 
nected to said fuel delivery controlling means for 
positioning the same, valve means for controlling 
the flow of fluid thru said third conduit and 
thereby the pressure in said chamber and the 
position of said movable wall, means subjected 
to said two unequal pressures for operating said 
valve means in accordance with the difference of 
Said pressures, and manually operable means for 
controlling the pressure in said chamber so as to 

10 
position said pressure differential controlling 
means in a fuel flow preventing position. 

5. In a fuel supply System for an internal Com 
bustion engine, in combination, a first conduit 

5 for conveying air to said engine for combustion 
purposes, an injector pump for delivering fuel to 
said engine, a second conduit for conveying fuel 
to said injector pump, means for Supplying fuel 
to said Second conduit under Superatmospheric 
pressure, means aSSOciated with Said first conduit 
for producing tWO unequal pressures whose dif 
ference is a measure of the quantity of airflowing 
therethru, means for controlling the quantity of 
fuel delivered to said engine by said injector 
pump, a third conduit Supplied with fuel from 
said source and including a restriction, an ex 
pansible chamber connected to said third conduit 
and having a movable wall operatively connected 
to said fuel delivery controlling means for posi 
tioning the same, valve means for controlling the 
flow of fluid thru said third conduit and thereby 
the pressure in Said chamber and the position of 
said pressure differential controlling means, 
means subjected to said two unequal pressures 
for Operating Said valve means in accordance with 
the difference of Said pressures, and means re 
sponsive to acceleration of said engine for addi 
tionally controlling the pressure in said chamber 
to move Said fuel delivery controlling means in 
a fuel flow increasing direction. 

6. In a fuel supply system for an internal com 
bustion engine, in combination, a first conduit 
for conveying air to said engine for combustion 
purposes, a Second Conduit for conveying fuel to 
said engine, means for supplying fuel to said 
Second conduit under superatmospheric pressure, 
means associated with said first conduit for pro 
ducing two unequal pressures whose difference is 
a measure of the quantity of air flowing there 
thru, a metering restriction in said second con 
duit, means for controlling the pressure differen 
tial across said restriction to control the flow of 
fuel therethru, a third conduit supplied with fuel 
from Said source and including a restriction, an 
expansible chamber connected to said third con 
duit and having a movable wall operatively con 
nected to said pressure differential controlling 
means for positioning the same, said wall acting 
On Said pressure differential controlling means 

50 in a fuel flow increasing direction in response to 
a decrease in pressure in said chamber, valve 
means for controlling the flow of fluid thru said 
third conduit and thereby the pressure in said 
chamber and the position of Said pressure differ 

55 ential controlling means, a first diaphragm sub 
jected to said two unequal pressures and con 
nected to said valve means for operating said 
valve means in an opening direction in response 
to an increase in the difference of said pressures, 

60 and a Second diaphragm subjected on One side 
to the pressure of the fuel on the upstream side 
of said metering restriction and on its other side 
to the pressure of the fuel in said chamber, said 
Second diaphragm being connected to said valve 
means so as to operate said valve means in a 
closing direction in response to an increase in 
the difference in pressures acting on said second 
diaphragm. 

7. In a fuel supply system for an internal com 
70 bustion engine, in combination, a first conduit 

for conveying air to said engine for combustion 
purposes, a second conduit for conveying fuel 
to said engine, means for supplying fuel to said 
second conduit under superatmospheric pressure, 

75 means associated with said first conduit for pro 
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11. 
ducing two unequal pressures whose difference 
is a measure of the quantity of air flowing there 
thru, a metering restriction in said second con 
duit, means for controlling the pressure differen 
tial acroSS said restriction to control the flow of 
fuel therethru, a third conduit supplied with fuel 
from said Source and including a restriction, an 
expansible chamber connected to said third con 
duit and having a movable wall operatively con 
nected to said pressure differential controlling 
means for positioning the same, valve means for 
controlling the flow of fluid thru said third con 
duit and thereby the pressure in said chamber 
and the position of Said pressure differential con 
trolling means, means subjected to said two un 
equal pressures for Operating said valve means in 
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means for delivering fuel to said engine, a fuel 
pump for supplying the inlet of said injector 
pump means with fuel under superatmospheric 
pressure, means for controlling the quantity of 

0 

5 

accordance with the difference of said pressures, 
manually operable means for controlling the 
pressure in Said chamber SO as to position said 
pressure differential controlling means in a fuel 
flow preventing position, and means responsive 
to acceleration of said engine for additionally 
controlling the pressure in said chamber to move 
said pressure differential controlling means in a 
fuel flow increasing direction. 

8. In a fuel Supply System for an internal Con 
bustion engine, an injector pump for delivering 
fuel to said engine, a fuel pump for Supplying 
the inlet of said injector pump with fuel under 
superatmospheric pressure, a booster pump for 
supplying the inlet of said fuel pump with fuel 
under superatmospheric pressure, means for con 
trolling the quantity of fuel delivered to said 
engine by said injector pump, fluid motor means 
for operating said delivery controlling means, 
conduit means connecting the discharge of Said 
fuel pump to said fluid motor means for supply 
ing fuel to said motor means for use therein as 
a motive fluid, drain passage means for conveying 
fuel discharged from said motor means to the 
inlet of said fuel pump, and check valve means 
associated with said drain paSSage means and 
effective during operation of said booster pump 
to provide a different outlet for the fluid dis 
charged from said motor means. 

9. In a fuel supply system for an internal Con 
bustion engine, a fuel pump for delivering fuel 
to said engine under superatmospheric pressure, 
a booster pump for supplying the inlet of Said 
fuel pump with fuel under superatmospheric 
pressure, fluid motor means, conduit means con 
necting the discharge of said fuel pump to said 
fluid motor means for supplying fuel to said motor 
means for use therein as a motive fluid, drain 
passage means for conveying fuel discharged 
from said motor means to the inlet of Said fuel 
pump, and check valve means associated with 
said drain passage means and effective during 
operation of said booster pump to provide a dif 
ferent outlet for the fluid discharged from Said 
motor means. 

10. In a fuel supply system for an internal corn 
bustion engine, a conduit for supplying combus 
tion air to said engine, a throttle for controlling 
the flow of air thru said conduit, an injector pump 
for delivering fuel directly to said engine, means 
responsive to the quantity of air flowing thru Said 
conduit to control the delivery of said injector 
pump, and means operative as an incident to a de 
crease in said quantity below a predetermined 
value to produce a flow of fluid to said conduit at 
a point spaced from Said engine. 

11. A fuel supply system for an internal Com 
bustion engine, comprising a conduit for convey 
ing combustion air to said engine, injector pump 
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fuel delivered to said engine by said injector 
pump means, motor means for operating said de 
livery controlling means, means responsive to the 
rate of flow of air thru said conduit for controlling 
said motor means, and manually operable means 
for controlling said motor means to cause opera 
tion of said delivery controlling means in a fuel 
flow decreasing direction regardless of the mag 
nitude of Said rate of flow. 

12. In a fuel supply system for an internal com 
bustion engine, in combination, means for con 
veying air to said engine for combustion purposes, 
an injector pump for delivering fuel to said en 
gine, means for controlling the quantity of fuel 
delivered to said engine by said injector pump, 
motor means for operating said delivery con 
trolling means, means responsive to the quantity 
of air supplied to said engine for controlling said 
motor means, and means responsive to accelera 
tion of said engine for additionally controlling 
Said motor means to operate said delivery con 
trolling means in a fuel flow increasing direction. 

13. In a fuel supply system for an internal com 
bustion engine, a fuel pump for delivering fuel 
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to said engine under superatmospheric pressure, 
a booster pump for supplying the inlet of said 
fuel pump with fuel under Superatmospheric pres 
Sure, fluid motor means, conduit means connect 
ing the discharge of said fuel pump to said fluid 
motor means for Supplying fuel to said motor 
means for use therein as a motive fluid, first drain 
paSSage means for conveying fuel discharged 
from Said notor means to the inlet of said fuel 
pump, second drain passage means for convey 
ing fuel discharged from said motor means to a 
different outlet, and valve means responsive to 
the fuel pressure at the outlet of one of said 
pumps for Selectively opening said drain passage 
neans. 

14. A fuel Supply System for an internal com 
bustion engine, comprising a first conduit for con 
Weying air for combustion purposes to said engine, 
means associated with said first conduit for pro 
ducing two unequal air pressures whose difference 
is a measure of the rate of flow of air thru said 
conduit, means for supplying fuel under superat 
mospheric pressure, an injector pump for deliver 
ing fuel to said engine, a second conduit for con 
veying fuel from said fuel supply means to said 
injector pump, means for controlling the quantity 
of fuel delivered to said engine by said injector 
pump, an expansible chamber having a movable 
Wall Subject on its exterior Surface to the fuel 
pressure in said second conduit, said wall being 
operatively connected to said injector pump de 
livery control means for positioning the same, a 
restricted inlet passage connecting the interior of 
Said chamber to said Second conduit, a restricted 
Outlet passage connecting the interior of said 
chamber to a point maintained at a continuously 
lower pressure, pilot valve means for controlling 
one of said restricted passages, and means respon 
sive to the difference of said air pressures for op 
erating Said pilot valve means. 

15. 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 mechanism, 
motor means for operating said delivery control 
means, a fuel pump, a fuel conduit extending 
from said fuel pump to said injector pump mech 
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anism, metering restriction means in said fuel 
conduit, valve means for varying the area of said 
restriction means, a manually movable control 
device for operating said valve means, a second 
control device responsive to the pressure differ 
ential across said metering restriction means, and 
means for selectively placing said manual control 
device or said second control device in control of 
Said motor means. 

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 rhech 
anism, motor means for operating said delivery 
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control means, a fuel pump, a fuel conduit ex 
tending from said fuel pump to said injector pump 
mechanism, metering restriction means in said 
fuel conduit, valve means for varying the area 
of said restriction means, a manually movable 
control device for operating said valve means, a 
passage for combustion air flowing to said engine, 
a second control device responsive to the rate of 
air flow thru said passage and to the fuel pres 
sure differential across said metering restriction 
means, and means for selectively placing said 
manual control device or said second control de 
vice in control of said notor means. 
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