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The invention relates generally to a fuel injec 
tion pump for internal combustion engines, the 
pump being of the type disclosed in my copending 
application Serial No. 654,275, filed January 10, 

5 1933, of which this application is a continuation 
in part. 

In the use of fuel injection pumps of this char 
acter, the fuel discharge is, of course, varied as 
to quantity in accordance with the desired engine 

10 speed, and a corresponding or correlated variation 
in the air supply is essential throughout the 
range of speed variation of the engine. Thus in 
Some installations an interconnected manual ac 
tuating means is provided for varying the fuel 

15 pump output and the effective air intake open 
ing in a predetermined relation throughout the 
range of engine speeds so as to produce the most 
efficient mixture at all speeds. It is found, how 
ever, that in some installations such, for example, 

20 as the installation on an aircraft engine, the pres 
Sure variations due to changes in altitude, or in 
Some instances to the action of a supercharger, 
result in a disruption in the ultimate fuel-air 
ratio with a consequent inefficient performance 

25 of the engine. 
An important object, therefore, of the present 

invention is to provide a new and improved fuel 
pump construction wherein the manually con 
trolled means for coordinately varying the fuel 

30 volume and the air inlet to vary the engine speed 
have in combination therewith pressure respon 
sive means operable to maintain the desired fuel 
air ratio as- Variations in air pressure or altitude 
become effective upon the engine, 

35 . A further object is to provide a fuel pump hav 
ing Such a pressure responsive fuel-air control 
means which operates with equal facility in re 
Sponse to normal altitude variations or in re 
sponse to the pressure variations which are 

40 created in the air intake manifold when a super 
charger is employed. 
Another object of the invention is to provide a 

suction-metered, fuel injection pump having a 
manual control for varying the quantity of fuel 

45 discharged acting in conjunction with an auto 
matic control regulating the pressure on the fuel 
supplied to the pump in accordance with , the 
pressure effective in the intake manifold of the 
engine with which the pump is associated. 

50 More particularly stated, it is an object of the 
invention to provide a fuel injection pump hav 
ing a plurality of pumping elements, a distribut 
ing chamber supplied with fuel under pressure, 
a manually actuated metering. valve for controln 

55 ling the quantity of fuel supplied the pumping 

(C. 123-139) 
elements, and a valve controlling the discharge 
of excess fuel from the distributing chamber 
responsive to the pressure of the fuel in the 
chamber and to the intake manifold of the en 
gine being supplied with fuel, to vary the pressure 5 
On the fuel in the distributing chamber in ac 
Cordance with the pressure in the intake manifold 
of the engine. 
Another object is to provide a fuel injection 

pump so constructed that it may be readily as- 0 
Sembled to provide for use at a substantially con 
stant altitude or to provide for automatic com 
pensation for altitude or pressure variation. 
Other objects and advantages will be readily 

apparent from the following description, taken 5 
in connection with the accompanying drawings, 
in Which: 

Fig. 1 is a diametrical sectional view of a fuel 
pumping mechanism embodying the features of . 
the invention. 20 

Fig. 2 is a fragmentary transverse section 
through one of the pumping elements showing 
the inlet and exhaust ports thereof. 

Fig. 3 is a central sectional view of an alterna 
tive embodiment of the invention. 25 

Fig. 4 is a fragmental sectional view illustrat 
ing an alternate manner of assembly of the pump 
of Fig. 3 adapting the same for use at a constant 
altitude. 
While I have shown in the accompanying draw- 30 

ings and will herein describe in detail the pre 
ferred embodiment of the invention, together with 
two alternative embodiments thereof, it is to be 
understood that this disclosu 'e is given for the 
purpose of illustrating the invention and is not 35 
intended as a limitation of the invention to the 
Constructions disclosed. In the appended claims, 
I aim to cover all modifications and alternative 
constructions falling within the scope of the in 
vention. 40 
In the form chosen for purposes of disclosure 

in FigS. 1 and 2 hereof, the invention is embodied 
in a pump comprising a cylindrical casing 5 hav 
ing a plurality of individual pumping units con 
centrically arranged about the axis of the casing. 45 
In its lower portion the casing is formed with a 
large recess 6 housing a plate 7 for actuating the 
pumping units. In its upper portion, the casing 
is formed with a Small recess 8 constituting a 
distributing chamber from which fuel is supplied 50 
to the various pumping units. 

In the present instance, each pumping unit 
comprises a piston to lonigtudinally reciprocable 
and Oscillatable in a cylindrical sleeve i? re 
ceived in a vertical bore 2 formed in the housing 55 



2 
5 and closed at its upper end by a plug f3. Spaced 
downwardly a short distance from the plug, the 
sleeve f is formed with a radial inlet duct 4 and 
Spaced approximately 90° therefrom is an outlet 
duct 5, as best seen in Fig. 2. The outlet duct 
5 communicates with a conduit 6 leading to 

the engine with which the pump is associated, 
the conduit being retained in the casing 5 by 
means of a plug fl threaded into a bore formed 

O in the casing. The piston O in turn is formed 
with a longitudinal groove 8 extending to the 

5 

20 

25 

end of the piston, alternately to provide Com 
munication between the space above the piston 
and the inlet duct and between the space above 
the piston and the outlet duct, as the piston is 
reciprocated and OScillated. 
The pistons of the pumping units are recipro 

cated and oscillated by means of the plate 
formed on its upper surface with a can S and 
with a cam groove 20. The plate 7 is fixed on a 
vertically disposed shaft 2 rotatably journalled 
at its inner end in a bearing formed by a de 
pending annular flange 22 of the casing and jour 
malled at its outer end in a ball bearing 23 re 
tained in a plate 24 closing the recess 6. Beneath 
the flanged lower end of each piston O is a shoe 
25 rounded slightly at the edges of its lower face 

30 
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and slidable on the cam surface 9 of the plate 
to reciprocate the piston upon rotation of the 

plate, and rigid with the flange of the piston and 
projecting through a suitable radial slot in the 
shoe 25 into the cam groove 20 is a finger 26 by 
means of which the piston is oscillated. The can 
groove 20 and the cam 9 are so shaped that the 
longitudinal groove 8 formed in the piston O 
registers with the inlet duct 4 during a down 
stroke of the piston and is then oscillated through 
90° to register with the outlet duct 5 during 
the up or working stroke of the piston. A con 
pression spring 27 surrounding the sleeve bears 
at one end against the casing 5 and at the other 
end against the shoe 25 to retain the shoe in con 
tact with the cam 9 and to effect a return stroke 
of the piston. 
Fuel is supplied to the recess 8 through a duct 

30 in the casing communicating with a Source 
of fuel under pressure, not shown. At its bot 
tom, the recess 8 is formed with a bore 3 from 
which ducts 32 radiate to communicate with the 
inlet ducts 4 in the sleeves of the various pump 
ing units. Threaded into the bore 3 is a plug 
33 formed with an inverted conical passage 34 
communicating at its upper end with the recess 
8 and at its lower end with radial passages 35 
registering with the radiating ducts 32. A screen 
36 preferably is interposed between the...duct 30 
and the passage 34 to prevent foreign matter in 
the fuel from reaching the pumping units. 
The quantity of fuel supplied to the pumping 

units is controlled by a manually actuated meter 
ing pin 38 disposed in the conical passage 34. 
The metering pin 38 is supported on a sleeve 39 
rotatably and slidably mounted on the projecting 
cylindrical portion of the plug 33. To impart 
precise longitudinal movement to the pin for 
varying the quantity of fuel metered thereby, the 
sleeve 39 is formed with a helical cam groove 40 
and the plug 33 is provided with a pin 4 pro 
jecting laterally into the groove. Rotational 
movement is imparted to the sleeve 39 by a man 
ually actuated operating shaft 42 carrying a pin 
43 engaging slots 44 formed in the sleeve to per 
mit relative longitudinal movement between the 
shaft and the sleeve, but to prevent relative ro 
tational movement. A cap 45 threaded into the 
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recess 8 encases the metering mechanism and 
completes the fuel distributing chamber. Suit 
able packing 46 prevents leakage of fuel along 
the shaft 42. . 
Means is provided herein for arresting fuel 

leaking along the piston 0 and for returning 
the same to the distributing chamber. To that 
end each piston is formed with a circumferential 
groove 50 and with a longitudinally extending 
groove 5 communicating at one end with the 
circumferential groove 50 and adapted to register 

10 

with the inlet duct 4 near the completion of 
the up stroke of the piston. In this manner fuel 
leaking along the piston is collected in the groove 
50 and then discharged to the distributing cham 
ber upon the up stroke of the piston. 

Provision is also made for lubricating the pis 
tons and the friction surfaces of the plate for 
reciprocating and oscillating the pistons. To 
that end there is formed in the housing, above 
the shaft 2 a chamber 55 supplied with lubri 
cant through a duct 56. Leading from the channe 
ber 55 to each of the sleeves is a duct 5 come 
municating with an oblique passage 58 formed 
in the sleeve. To distribute the lubricant, each 
piston O is formed with a Second circumferential 
groove 59 which in the reciprocation of the pis 
ton spreads the lubricant over the inner wall of 
the sleeve. To supply lubricant to the cam 9 
and the cam groove 20, the shaft 2 is formed 
with a restricted passage 60 communicating with 
the chamber 55 and the recess 6 permitting the 
flow of a limited amount of lubricant. 
As illustrated in Fig. 1 of the drawings, means 

is provided herein for automatically and addi 
tionally controlling the quantity of fuel supplied 
to the pumping units in proportion to the air 
pressure effective upon the engine, the particu 
lar embodiment of Fig. 1 being such as to be actu 
ated by the pressure within the intake manifold 

5 

20 

2 5 

30 

of the engine. This means when used with air 
Craft engines is in the nature of an altitude con 
trol. The control means employed in the form 
shown functions to vary the quantity of fuel 
metered by controlling the quantity of excessfuel 
returned to the fuel reservoir from the distrib 
uting chamber, thereby to vary the pressure on 
the fuel in the distributing chamber. To that 
end there is interposed in a by-pass conduit lead 
ing from the distributing chamber to the fuel 
reservoir (not shown) a valve 65 herein shown 
housed in a separate casing 66 providing a valve 
seat 6. As seen in Fig. 1, the valve stem 68 is 
attached to a diaphragm 69 secured between and 
dividing the casing into an upper and lower por 
tion. . The lower portion of the casing SS com 
municates with the distributing chamber through 
a duct 70 and discharges to the fuel reservoir 
through a passage controlled by the valve 65 and 
terminating in an outlet adapted to receive a 
conduit, not shown. The diaphragm 69 is thus 
exposed to the fuel passing through the valve 
casing and is thereby made responsive to the 
pressure on the fuel in the distributing cham 
ber, such pressure herein tending to open the 
valve 65. The valve is urged to closed position 
by means of a compression spring 72 bearing at 
one end against the diaphragm and at the other 
end against a plug 3. The plug in turn bears 
against a set screw 74 by means of which the 
tension of the Spring may be adjusted, w 

In addition, the diaphragm 69 is exposed to 
the air pressures in the intake manifold of the 
engine with which the pump is associated, and to 
that end the upper portion of the casing 66 above 

50 

65 

70 

75 
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the diaphragm communicates through a conduit. 
75 with the intake manifold, a portion of which 
is shown at 76. The combined action of the 
pressure in the intake manifold and the spring 
72 thus serves to counteract the pressure of the 
fuel on the diaphragm and by control of the 
valve 65 vary the pressure on the fuel in the 
distributing chamber. When the pressure in the 
intake manifold of the engine is low, the valve 
65 is readily opened against the action of the 
spring 72 SO that the pressure on the fuel in the 
distributing chamber is low. When the pressure 
in the intake manifold is high, the valve 65 is 
closed until pressure on the fuel in the dis 
tributing chamber is substantially higher, there 
by forcing a larger quantity of fuel into the in 
dividual pumping units. It will be apparent that 
this control functions entirely automatically and 
independently of the metering valve so as to 
provide a combined manual and automatic Con 
trol for the fuel, the automatic control being re 
sponsive in this embodiment to intake manifold 
pressures. 
In the form illustrated in Fig. 3 of the draw 

ings, the invention is embodied in a variable 
output fuel pump 80 of the general type illus 
trated in Fig. 1, but inverted as to position, the 
pump being operatively associated with the con 
trol valve 8 of a common air intake manifold 
82 of an engine. Thus the fuel and air supply 
to the engine may be varied by a manually actu 
able accelerator connection 83 to govern the en 
gine speed while maintaining the most efficient 
proportioning of fuel and air during such varia 
tion, and in connection with this manually Con 
trolled means there is provided a pressure respon 
sive device 84 operable to maintain the desired 
proportioning of fuel and air as changes in alti 
tude or air pressure become effective upon the 
engine. 
The pump 80 has a cylindrical casing 5’ having 

a plurality of individual pumping units concen 
trically arranged about the axis of the casing 
and actuated by a rotatable camplate 7 housed 
in the upper portion of the casing. In its lower 
portion the casing is formed with a relatively 
large recess 8' constituting a fuel supply cham 

55 

60 

65 

70 

75 

ber from which fuel is supplied to the various 
In the present instance, each . pumping units. 

pumping unit comprises a piston O' longitudi 
nally reciprocable and oscillatable in a cylinder 
formed by a vertical bore 2 formed in the cas 
ing 5' and closed at its lower end by a plug 3' 
held in place by a bottom plate 3’. Spaced up 
wardly from its closed lower end, each cylinder 
12" has a radial inlet duct 4 and spaced ap 
proximately 90° therefrom is an outlet duct (not 
shown) located in the manner shown in Fig. 2, 
the outlet duct communicating with a suitable 
conduit (not shown) leading to the engine with 
which the pump is associated. The piston O' in 
turn is formed with a central bore 8' extending 
to the lower end of the piston and having a lat 
eral extension or port 8' through the side of the 
piston O', alternately to provide communication 
between the space beneath the piston and the 
inlet duct and between the space beneath the 
piston and the outlet duct as the piston is re 
ciprocated and Oscillated. 
The pistons of the pumping units are recipro 

cated and Oscillated by means of the plate 7 
which is formed on its lower or adjacent face 
with a cam Surface 9' and with a cam groove 
20'. The plate 7' is adapted to be driven by 
a vertically disposed shaft 2' which extends ax 

3 
ially into the upper end of the casing 5'. AS 
shown, the plate 7' has an upstanding annular 
bearing sleeve T' journalled at its upper end in 
a bearing formed by an upstanding annular 
flange 22 of the casing and journalled down 
Wardly thereof in a ball bearing 23' mounted in 
the casing just above the plate 7. Above the 
upper end of each piston 0", and engaging the 
piston through a ball and socket joint 25', is a 
shoe 25' slidable along the can surface 9' of 
the plate 7 to reciprocate the piston upon ro 
tation of the plate. Rigid with the piston and 
projecting through a radial slot in the flanged 
upper end of the shoe into the cam groove 20' 
is a finger 26' by means of which the piston is 
Oscillated. The cam grove 20'. and the cam 9 
are so shaped that the port 8' formed in the 
piston O registers with the inlet duct 4 during 
an upward or Suction stroke of the piston and is 
then oscillated through 90° to register with the 
outlet duct during the downward or working 
stroke of the piston. A compression spring 27' 
surrounding an upwardly extending sleeve l' 
bears at its lower end against the Casing 5' and 
at its upper end against a shoulder on the piston 
0' So as to maintain the desired relationship 

in a ball and socket connection 25' between the 
piston and the shoe 25', maintain contact of the 
shoe 25' With the cam, and effect a return stroke 
of the piston. 
The drive shaft 2 f' in Fig. 3 extends down 

wardly through the sleeve 7' and the plate 7', 
and in order that the pump may not be damaged 
when back-fire of the engine causes reversal of 
the pump cycle, the plate 7' is arranged to be 
driven by the shaft only in a forward direction. 
Thus the shaft 2' has a single notch 85 therein 
arranged to be engaged by a radially movable 
plunger 86 which is mounted in a bore 87 in the 
plate and is normally urged inwardly to its ac 
tive position by a spring 38. A suitable cam sur 
face (not shown) merging with the notch 85 
cams the plunger 86 to its retracted position upon 
reverse rotation of the shaft 2'. This Safety 
latch mechanism is described in greater detail 
and is claimed in my copending application Se 
rial No. 124,063, filed February 4, 1937. 
In the form illustrated in Fig. 3, fuel is drawn 

from a fuel supply tank 90 and fed to the cham 
ber 8' by a fuel feed pump 92 which is preferably 
mounted within the fuel pump housing 5' SO 
as to be driven by the shaft 2' thereof. Thus 
the feed pump. 92 has its casing 92 fixed axially 
of the casing 5' in alinement with the shaft 2' 
so that its rotor 92' may be driven from the , 
shaft 2' by a coupling 93. The casing 92' ex 
tends downwardly, through the top wall 94 of 
the chamber 8' and has its outlet (not shown) 
discharging into the chamber 8', While its intake 
96 is formed through an enlarged or thickened 
portion (not shown) of the Wall 94 as a continua 
tion of a pipe 97 leading from the fuel tank 90. 
The pump is of the well known vane type, the 
particulars of which form no part of this inven 
tion. s 

Beneath the pump 92 and in the supply cham 
ber 8' a spider-like distributing member 99 is 
formed with a central distributing chamber.3 
from which ducts 32' radiate to communicate 
with the inlet ducts 4' of the several pump cyl 
inders. Threaded upwardly into the member 99 
beneath the chamber 3 f' is a plug 33 formed 
with a vertical passage 34’ communicating at 
its lower end with the supply chamber 8' and 
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4. 
at its upper end with the distributing chamber 3" 
so as to supply fuel to the radiating ducts 32'. 
The quantity of fuel supplied to the pumping 

units is controlled by a manually actuated tapered 
metering pin 38' disposed in the passage 34. 
The metering pin 38' is supported on a piston. 39' 
slidable vertically within a sleeve-like downward 
extension 00 of the plug 33. Above the piston 
39' transverse ports 33' in the plug 33' provide 
for communication between the passage 34 and 
the chamber 8'. To provide for longitudinal 
movement of the pin for varying the quantity of 
fuel metered thereby, a spring 0 surrounds the 
extension 00 and acts against a bottom flange 
O2 of the piston 39 to maintain bearing 103 on 

the piston in contact with an actuating control 
cam 40'. Preferably the cam 40' is carried within 
the casing 5' on a horizontal shaft 4 so that by 
rotation of the cam the valve 38 may be opened 
or closed as desired. On the projecting outer end 
of the shaft 4 f' an arm 42 is fixed, the arm 42 
being connected by a link 104 to an actuating 
arm 05 of the air control valve 8. Thus when 
the arm 05 is actuated by the manually Oper 
able accelerator connection 83, the fuel metering 
pin and the air control valve 8 are opened or 
closed in unison. 
In maintaining the most efficient quantity rela 

tionship between the fuel and air throughout 
the range of adjustment of the fuel and air 
valve means, the valves of the present embodi 
ment are relatively simple in form and the requi 
site variation in relative movement of the sev 
eral parts is obtained through the conformation 
of the effective cam surface of the cam 40 which 
is for this reason termed the 'fuel-air cam' of 
the mechanism. 
In modifying or correcting the action of the 

manually governed fuel and air control means 
thus provided so as to maintain the optimum 
fuel-air ratio despite changes in altitude or pres 
sure, the pressure responsive device 84 is in the 
present instance arranged to obtain the desired 
result through a governing action on the fuel 
pressure within the supply chamber 8'. This is 
accomplished by so constructing the feed pump 
92 as to feed fuel in excess of the requirements 
of the fuel pumping units O'-2', and by pro 
viding a by-pass line 06 from the chamber 8' 
to the fuel tank 90 for the return of excess fuel 
under the control of a relief valve OT governed 
by the pressure responsive device 84. 
As shown in Fig. 3, the by-pass line 06 is con 

nected to a valve chamber ff0 formed by a ver 
tical bore extending upwardly into the side wall 
of the casing 5', there being a valve port 07' 
axially located in the upper end of the bore and 
communicating with the chamber 8' so as to be 
adapted to be opened and closed by vertical move 
ment of the valve 07 in its chamber O. Thus 
the pressure of the fuel in the supply chamber 
8' acts on the exposed upper end of the valve O7 
with a tendency to unseat or open the same, this 
valve opening action-being controlled by the pres 
sure responsive device 84 which is located at the 
lower end of the casing 5' and is associated with 
the valve to in a governing relationship. In the 
form shown, the pressure responsive device 84 
comprises a two-part body or housing having 
upper and lower sections 2' and f 12' between 
which is clamped a flexible diaphragm 13. On 
the upper section 2'' there is formed an upward 
cylindrical extension. 4 terminating in a re 
duced screw thread upper end or nipple 15 

75 adapted to project through an opening 16 in 
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the bottom plate 3’ to engage threads 7 in 
the lower end of the bore ff0. By this arrange 
ment a shoulder 8 formed by the upper end of 
the extension 4 may be engaged with the bot 
ton plate 3’ to aid clamping the same in position. 
To operate the valve OT a central stem f2O 

bears at its upper end in a suitable seat on a 
lower face of the valve member, and at its lower 
end is attached centrally to the diaphragm f3. 
Such attachment is effected by a flanged head 
f2 fixed to the stem 20 and having a threaded. 
nipple extending through a central opening in 
the diaphragm to receive a clamping and sealing 
nut 23. 

Preferably a relatively large downwardly 
cupped washer 24 is interposed between the nut 
23 and the diaphragm to receive and position 

0. 

5 

the upper end of a spring 25 which at its lower 
end is positioned and guided by an upwardly ex 
tending guide 26. Through the lower housing 
Section 2 a... vertically positioned adjusting' 
Screw f27, carrying a lock nut 28, extends into 
engagement with the guide 26 for varying the 
upward, valve-closing force of the spring 25. 
Thus there is formed beneath the diaphragm 

f 13 a barometric chamber 3' which through 
a port 29 may be subjected to the variable air 
pressure which is to govern the fuel feeding ac 
tion of the pump 80. If desired, this port 29 
may merely be left open to atmosphere, or con 
nected to the air intake manifold 82 anterior 
to the control valve 8 as shown in dotted out 
line in Fig. 3, or it may be connected to the air 
intake manifold posterior to the control valve 8 
by a pipe 30 so as to be sensitive to the air 
pressure as modified by the action of a super cha-ger. 
To render the diaphragm unusually sensitive 

to pressure variations in the barometric chamber 
3', the present device is so constructed as to 

protect the upper face of the diaphragm against 
correspondingly varying forces which would tend 
to offset and nullify the desired controlling action 
of the pressure variations in the chamber 3. 
To this end there is provided between the stem 
20 and the casing section 2' a sealing means 
which permits substantially free axial movement 
of the stem while providing an upwardly facing 
preSSure Sensitive area substantially less than the 
area of the diaphragm (3. 
Thus a Sylphon bellows 3 f surrounds the stem 

20 above the diaphragm and within the cylindri 
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cal extension f4, the closed upper end of the bel 
lows being clamped between a shoulder and a nut 
33 on the stem while the flanged lower end of the 
bellows is clamped between an externally thread 
ed nut 34 and a shoulder formed in threaded 
lower end of the extension f 4. This construc 
tion forms an inert space between the bellows 
and the diaphragm, a bore 35 being provided 
through the nut 34 so as to provide for free 
communication between all portions of the space. 
Free communication of the fuel in valve chamber 

0 with the upper face of the bellows 3 is also 
preferable, as through a bore 36 in the valve O. 
With this construction, the air pressure in the 

barometric chamber augments the valve closing 
action of the spring 25, so that the resulting 
Valve closing force varies with the air pressure 
thus applied, while this valve closing force is 
opposed by the downward forces transmitted to 
the valve 07 and the bellows 3 by the fuel pres 
sure in the pump. Since the effective upwardly 
facing surfaces of the bellows and the valve OT 
are substantially less in area than the down 
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wardly facing effective surface of the diaphragm 

3, any variable action of atmospheric pressure 
reflected or transmitted from the fuel tank back 
through the fuel and to the valve and bellows 
3 is substantially less than the variable action 
of the atmospheric pressure on the lower face of 
the diaphragm, so that the device 84 is unusually 
sensitive to the pressure variations. 
When the pump 80 is to be used at a substan 

tially constant altitude, the pressure responsive 
device 84 is eliminated and a spring 38, placed 
in the bore O beneath the valve 07 (Fig. 4), 
is held in place by a cap nut 39 which extends 
through the opening 6 in bottom plate 3' and 
is threaded into the lower end of the bore flo. 
Thus the pump 80 is readily adaptable for use at 
a constant or a variable altitude. 

claim as my invention: 
1. In a fuel injection pump for internal con 

bustion engines, a casing housing a plurality of 
punlping units, a fuel chamber in said casing 
supplied with fuel under pressure, a manually 
actuated metering pin for controlling the quan 
tity of fuel flowing from said chamber to Said 
pumping units, an excess fuel return conduit 
leading from said charnber, and a valve con 
trolling said conduit responsive to the air pres 
sure to which the engine is subjected to regulate 
the pressure in said fuel chamber in proportion 
to such pressure. 

2. In a fuel injection pump for an internal 
combustion engine having an air intake manifold, 
a casing housing a plurality of pumping units, a 
fuel chamber in said casing supplied with fuel 
under pressure, a manually actuated metering 
pin for controlling the quantity of fuel flowing 
from said chamber to said pumping units, and 
means responsive to the air pressure in the air 
manifold of the engine and operable to regulate 
the pressure on the fuel in said chamber to vary 
said fuel pressure in proportion to said manifold 
preSSure. 

3. In an internal combustion engine fuel in 
jection pump supplied with fuel under pressure, 
manual means for controlling the quantity of fuel 
supplied by said pump to an engine with which 
it is associated, and means controlled by the 
pressure in the air intake manifold of the engine 
regulating the pressure of the fuel supplied to the 
pump and thereby the quantity of fuel, supplied 
to the engine in proportion to the manifold pres 
Sle. 

4. In combination with a fuel injection pump 
for internal combustion engines, means for Sup 
plying fuel to said pump under pressure, a valve 
controlled by air pressure for automatically regul 
lating the fuel pressure in a predetermined pro 
portion to such air pressure, said valve compris 
ing a casing, a diaphragm mounted in said cas 
ing, a portion of the casing forming a space on 

5 
One side of the diaphragm provided with a pas 
sage communicating with the fuel Supply means 
for said pump, an outlet from said portion of the 
casing, a valve carried by Said diaphragm for con 
trolling said outlet, said casing having a space 
on the other side of said diaphragm communicat 
ing with a source of air pressure, and an ad 
justable spring opposing said diaphragm to nor 
mally seat said valve. 

5. In combination with a fuel injection pump 
for internal combustion engines having a common 
distributing chamber provided with a metering 
Orifice, a Casing provided with a diaphragm and 
having a hollow portion of said casing at one side 
of the diaphragm provided with an inlet in 
communication with said distributing chamber, 
said portion being provided with an outlet, and 

O 

15 

a valve carried by the diaphragm for controlling 
said outlet, and a spring opposing the opposite 
side of said diaphragm to normally seat said 
Valve, that side of the casing housing the spring 
having communication with the air pressure to 
which the intake ports of the engine are subjected. 

6. In a fuel injection pump for internal com 
bustion engines, a casing housing a plurality of 
pumping units, a fuel chamber in said casing sup 
plied with fuel under pressure, a manually actu 
ated metering pin for controlling the quantity 
of fuel flowing from said chamber to said pump 
ing units, an excess fuel return conduit leading 
from said chamber, and a diaphragm valve con 
trolling said return conduit to regulate the pres 
Sure in said fuel chamber, the diaphragm of said 
valve on one side thereof being subject to the 
preSSure of fuel in said chamber and on the other 
side thereof to pressure of the air supplied to the 
engine, said valve being set so that pressure of 
the fuel in said chamber tends to open said valve 
against the resistance offered by said air pressure. 

7. In combination with the air intake of an 
internal combustion engine, an air control valve 
governing Said intake, a fuel pump for said engine 
having a plurality of pumping units and a com 
mon distributing chamber from which fuel is 
drawn to all of said pumping units, a supply 
chamber from which fuel is fed to said distribut 
ing chamber, a shiftable valve for controlling and 
varying the amount of fuel fed from said supply 
chamber to said distributing chamber, means for 
feeding an excess of fuel to said supply chamber 
under pressure, manually actuable means for 
actuating said valves in predetermined relation to 
each other to vary the fuel and air supply to 
the engine, a return by-pass fuel line from said 
Supply chamber, a valve in said by-pass line, and 
means responsive to air pressure exteriorly of said 
pump Operable to control said by-pass valve to 
vary the pressure in said supply chamber in ac 
cordance with the air pressure variation. 
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