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The present invention relates to fuel Supply 
means for internal combustion engines and more 
particularly to fuel injection purps for control 
ling and effecting the delivery of fuel under pres 
sure to the cylinders of a solid fuel injection en 
gle. 

It is an object of the present invention to pro 
vide an improved fuel injection pump of Sim 
plified construction. 

It is a further object of the present invention 
to provide a fuel injection pump. So constructed 
and arranged to substantially reduce untinely 
fuel injection caused by fuel Surging within the 
injector structure. 
These and other objects are attained in accord 

ance with the present invention by providing a 
fuel injection pump in which fuel injection is 
controlled by an improved multiple valve al 
rangement which substantially reduces fuel in 
jection caused by fuel pressures in the internal 
chambers resulting from surging of the confined 
fuel. 
For a better understanding of the invention, 

reference may be had to the drawing in which 
Figure is an elevational view partly in Section 
and partly broken away of the fuel injection 
pump of the present invention; Figure 2 is a 
view taken on the line 2-2 of Figure 1 with parts 
broken away and parts in Section. 

Referring now to the drawing there is illus 
trated the fuel injection pump of the present in 
vention comprising a shell or casing 2 formed of 
an injector body portion 4 and an injector nut 
portion 6 secured together in threaded engage 
ment at 8 with a sealing ring of Suitable ma 
terial, such as “neoprene' clamped therebetween 
to provide a sealed joint. Within the injector 
nut portion G and at its lower end there is dis 
posed a nozzle or spray tip 2 formed with a cen 
tral passage 4 terminating at its upper end in 
an enlarged passage 6 and provided with radial 
ly disposed transverse passages 8. Seated at 
the upper end of the nozzle or spray tip 2 there 
is an injector valve assembly 2, consisting of a 
bushing 22 having a central passage 24 enlarged 
at its upper end, as shown. Disposed in the pas 
sage is a valve 26 provided with an enlarged head 
28 with a conical Seating Surface 3 adapted to 
engage the valve seat 32 of the bushing 22. The 
valve is yieldingly urged to its closed position on 
seat 32 by the helical spring 34 which surrounds 
the stem of the valve 26 with one end recessed 
in the enlarged upper end of passage 24 and the 
other end in engagement with a C-washer 36, 
slidably secured to the stem of the valve 26. A 
valve spring cage 38 having a passage 40 with 
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upper and lower enlarged portions is disposed 
within the injector nut adjacent to the valve 
assembly with the stem of the valve 26, spring 
34 and C-washer 36 recessed in the lower en 
larged portion of passage 40. With the valve as 
Sembly 20 disposed adjacent the nozzle or Spray 
tip 2 the enlarged head 28 is recessed in the en 
larged passage 6 of the nozzle or Spray tip 2. 
To avoid complete stoppage of fuel flow from 
passage 24 of bushing 22 to passage 4 of the 
nozzle or spray tip f2 because of breakage of 
spring 34, C-washer 36 or the stem of valve 26 
permitting the valve to fall by gravity to close 
passage 4, the enlarged head 28 is provided with 
a transverse slot, 42 which will permit fuel flow 
to passage 4 should the valve become inoperative 
by breakage of one of the hereinbefore mentioned 
valve parts. Positioned at the upper end of 
valve Spring cage 38 is a second valve assembly 
44 and valve Spring cage 46. Such as described 
in connection with valve assembly 29 and valve 
spring cage 38. 

Disposed within the casing 2 there is a cylin 
drical bushing 48 provided with a central passage 
50 in communication with an annular space 52 
Surrounding the bushing by means of a passage 
54 through the wall of the bushing. The lower 
end of the bushing 48 is seated on the upper 
end of valve cage 46 with the bushing passage 
50 and the central passage of the valve spring 
cage 4S in communication. The bushing is 
formed with a reduced end 56 which passes 
through an inwardly extending fange 58 formed 
integral with the injector body portion 4. Oppo 
Sitely disposed flat surfaces 6 formed. On the 
fange walls, see Figure 2, cooperate with similar 
flat surfaces 62 on the reduced end 56 of bush 
ing 48 to prevent the rotation of the bushing 
Within the casing. As shown, a shoulder 64 
formed at the junction of the body of bushing 48 
and its reduced upper end 56 seats on the lower 
Side of the inwardly extending flange 58; thus 
with the bushing 48, valve assemblies 20 and 44, 
valve Spring cages 38 and 46 and nozzle or spray 
tip 2 assembled, as shown, they are clamped 
end-to-end as the injector nut 6 is threaded on 
the iniector body 4. An annular oil groove 66 
is formed in the wall of passage 59 at substantial 
ly the upper end of bushing 48 and is connected 
with annular space 52 by a passage 68 through 
the wall of the bushing. To prevent surging fuel 
within the annular space S2 from eroding the 
inner walls of the iniector body A and iniector 
nut 6, a cylindrical deflector 69 of suitable hard 
material is loosely positioned within the casing, 
aS shown. 
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Reciprocably mounted within the bushing 48 
there is a piston or plunger 70. Adjacent the 
lower end of the plunger there is provided an an 
nular groove 72 which is in communication with 
chamber 50 in bushing 48 through a longitudinal 
ly extending slot 4. The longitudinal slot 74 
terminates in a recess 76 formed in the wall of 
the piston at its lower-end with one side wall 78 
of the recess 76 extending helically and cir 
cumferentially around the piston, as shown. 
The upper end of the piston 70 is formed with an 
enlarged head 80 and an enlarged portion 82. 
The head 80 of piston Te is-recessed in an upper 
spring seat 84 which is yieldingly urged upwardly 
by a helical spring 86. The lower end-of-spring 
86 is seated on a lower spring seat 88 which in 
turn is seated on an annular shoulder 90 formed 
in the inner wall of the injector body portion 4. 
The lower spring seat 88 is provided with a 
longitudinally extending slot 92, see Figure 2, 
which receives the end of a pin 94 passing 
...through the wall of the injector body portion 4 
'to prevent rotation of the lower, Spring Seat in 
the injector body portion 4. 
<Rotatably mounted on the upper surface of the 

vinwardly extending fange 58 is a control assen 
bly 96 comprising asleeve 98; and a control arm 
100, see Figure 2, attached to the sleeve at - 2 

..by suitable; means such as welding. The control 
arm 00 extends through a slot 04 in the wall : 
*of the injector body portion 4 extending circum 
iferentially, around the body portion to permit an 
-angular movement of the control arm and sleeve 
-through substantially: 90 degrees. The sleever 98 
receives the upper portion of the reduced rend 
-563 of bushing 48 which is extends above the in 
swardly extending flange 58 and is provided with 
a central passage 6 through the end thereof 
'through which the plunger 70 passes to permit 
:reciprocation of the plunger. To provide for ro 
tation of the plunger and control of the quantity 
of fuel forced from the fuel pump injector in a 
manner which will be described hereinafter, the 
passage 6 has a flat wall portion, not shown, 
*Which is adapted to engage a cooperating flat 
surface portion f (8 on the enlarged portion 82 " 
of the plunger. Sugh a construction permits re 
ciprocation of the plunger in the 'sleeve but re 
stricts: rotary movement of the plunger to the 
angular movement of the control assembly in 
the casing. 
-The plunger 70, upper: and lower spring seats 

'84 and 28, -control assembly '96 and spring 26 are 
held in asseibed 'relation within the injector 
ibody' 4 by a follower sleeve if) which is recipro 
cably mounted in the upper portion of the body." 
A: generally C-shaped clamping spring 2 re 
cessed in an annular groove? {A. in the inner wall 
of the body and adjacent. its upper end retains 
the follower: sleeve in the body. 

Threaded-passages if 6 and f 8 communicating 
with the annular space 52 receive the fuel inlet 
and outlet fittings 20 and 22 both of which are 
adapted to removably contain filter elements (24, 
as shown. 
The assembled injector is fitted into a passage 

(26 in the cylinder block of a solid fuel injection 
engine f28 with the passage 26 formed with a 
well configuration conforming to the external 
wall contour of the injector nut portion e there 
by providing a seat for the injector on the engine 
head with the nozzle or spray tip 2 exposed in 
the combustion space 3 -of-the-cylinder. A yoke 
having arms 3G engaging the shoulder: 32 in the 
outer wall of the injector body 4 is attached to 
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4. 
the cylinder head 28 and secures the fuel pump 
injector in the cylinder block. 
In operation, fuel lines, not shown, connect 

the inlet and outlet fittings 20 and 22 to a fuel 
punp, not shown, which forces fuel to circulate 
under the pump pressure through the inlet fit 
"ting 20, the enlargeds space 52 and out through 
the outlet fitting 22 to be returned to the pump. 
Any well known means such as a rocker arm and 
i-push rod engaging a can on the camshaft of the 
engine-may be used to effect a downward move 
ment of the follower 40 and the plunger 70. 
With fuel circulating in the annular space 52 and 
filling the pumping chamber 50, the recess 76 
and annular groove 72 on the plunger 70, a 
downwardstroke of the plunger closes the pas 
sage-54 and forces fuel entrapped in the pumping 
chamber 59 under high pressure past the upper 
and lower valves and out of the orifices 8 and 
into the combustion space 3 in the form of 
'finely divided spray. In this connection it will 
"be obvious that the angular position of the 
plunger '79 and the circumferentially extending 
helical side' wall 8 of the recess '76, determines 
the position of the plunger in the pumping cham 
be at which the passage 54 is closed to the pump 
ing chamber. With the , control assembly and 
plunger in Substantially the positions, as shown, 
passage 54 is closed as the end of the plunger 
gasses the lower edge of the passage. . In this 
position a naximulm volume of fuel will be en 
trapped in the puinping chamber and will be 
foiced out of the injector by the downward move 
nient of the plunger. With the pilinger, and con 
trol; assenby rotated, the circumferentially ex 
tending helical sidewall 8 of recess: 6 is placed 
in position to close the passage 54 at a consid 
-erably greater depth of the plunger, in the pump 
ing chamber, thus forcing a smaller quantity of 
fuel from the injector. As the plunger continues 
its downward 3stroke in any of its rotated posi 
tions in the bushing, the groove 72 opens into 
the passage 54 and fuel from the pumping cham 
ber is passed through the longitudinally extend 
ing slotilito groovei 2 and backwardly.through 
:the passage 54 and against the deflector 69. 
iFuel which leaks by thie-groove 72 and along the 
*Side wall of the plungeria is entrapped in the 
oil groove 66tand-drains through passage (68 to 
thies annular space'52. 
'By placing the two check valve assemblies 20 

and 44 with like spring tensions in series in the 
olitiet passages from the pumping chamber 50 
to the Ozzie or spray-tip 2; double the pressure 

pumping chamber increases until the tension of 
the spring of the upper-valve is overcome thus 
filling the passage 40 with fuel under the pressure 
of the fuel in pumping chamber 50. The pres 
Suire Óf the fuel in passage 49 acts upwardly 
'against the valve" adding to the tension of its 
closing spring to require in pumping chamber 50 
a fuel pressure substantially two times the pres 
sure of the fuel in passage 43 to overcome the 
tensión Öf Spring 34 in the lower valve assembly 
26 to open valve 26 and force the fuel from 
chamber-50s through the outlet-passages to the 
orifices (8 of the nozzle 2. 
- With this arrangement-and the position of, the 
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lower valve substantially near the outlet orifices, 
optimum operating characteristics are provided. 
With the two valves in series in the outlet paS 

sage a sufficiently high pressure is required for 
ejection of the fuel that pressures built up in the 
pumping chamber and connected passages due to 
surging of the fuel during the novements of the 
plunger in the bushing are not sufficient to Open 
the valves and prematurely eject fuel to the 
combustion chamber 3. Further, with the 
lower valve placed substantially near the orifices 
8, air or combustion gases which may become 
entrapped in the passages of the nozzle 2 by the 
movement of the piston are reduced to a mini 
mum thus maintaining fuel to air ratios which 
are substantially constant. 
What we claim as new and desire to secure by 

Letters Patent of the United States is: 
In a fuel injection pump, a casing Congprising 

upper and lower hollow members having their 
adjacent ends in telescoping interthreaded en 
gagement, said upper member having an internal 
flange forming a lower fuel receiving chamber 
and an upper spring chamber, said flange having 
an opening, connecting said chambers, Said open 
ing having a flat side, a cylindrical bushing dis 
posed longitudinally within said casing having 
a reduced diameter upper portion. With a flat 
side fitting said opening and a lower portion of 
larger diameter in abutment with the underside of 
said flange, a plunger slidably fitting the bore of 
said bushing and extending from the upper end 
thereof into said spring chamber, a Spring retain 
er secured to the upper end of Said plunger, a heli 
cal spring compressed between said retainer and 
said flange, a follower of inverted Cup shape en 
closing the retainer and guided for reciprocation 
therewith by the side walls of said Spring cham 
ber, said plunger having an elongated flat sided 
portion embraced by said Spring, an inverted cup 
shaped sleeve having a flat sided aperture in its 
end wall slidably fitting said plunger portion, a 
control arm secured to said sleeve, and passing 
through the side wall of said upper member, Said 
upper member being provided with an elongated 
slot accommodating rotation of Said arm to ef 
fect angular adjustment of said plunger about the 
axis of said bushing, said bushing lower portion 
forming a fuel pumping chamber below Said 
plunger and provided with a plunger controlled 
port in the bushing wall through which fuel 
may enter said pumping chamber from Said fuel 
receiving chamber when the plunger is retracted 
by said spring, said upper member having fuel 
inlet and outlet connections communicating With 
said fuel receiving chamber, said lower member 
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6 
having an internal shoulder defining the lower 
limit of said fuel receiving chamber and a pas 
Sage extending therefron through the lower 
end of said lower member, said central passage 
having an internal shoulder adjacent its lower 
end, a fuel nozzle fitting the lower end of said 
paSSage and retained by Said shoulder, said 
nO2Zle having a longitudinal fuel duct of re 
Stricted capacity terminating at its upper end 
in an enlargement, a check valve assembly in 
Said passage comprising a downwardly opening 
check Vaive having a head loosely received in 
Said enlargement with a stem extending upwardly 
in Said passage, a valve seat resting on said noz 
Zile and having a longitudinal duct embracing the 
Valve Stein With only sufficient clearance to ac 
commodate required fuel flow during pump opera 
tion, a Spacer resting on said seat and having a 
downwardly open recess in its lower end forming 
an enclosure for Said Valve stem, resilient valve 
closing means Substantially filling the space be 
tWeen Said stem and the interior surfaces of said 
receSS, Said Spacer having a longitudinal fuel 
duct conInunicating with Said recess and termi 
nating at its upper end in an enlargement, a sec 
Ond check Valve assembly in said passage iden 
tical to said first named assembly having its 
Valve head loosely received in said spacer en 
largement and its valve seat resting on said 
Space, a Second Spacer in Said passage identical 
to Said first named Spacer and resting on the 
valve seat of said second check valve assembly, 
Said valve seats and Spacers having a close fit 
throughout their length with the walls of said 
paSSage and being clamped in stacked end-to-end 
abutting relation between said nozzle and said 
bushing by the interthreaded engagement of 
Said upper and lower members. 

WILLIAM J. PURCHAS, JR. 
CLYDE. W. TRUXELL, JR. 
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