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This invention relates to a pump for a fuel injection 
mechanism of an internal combustion engine. 
The present invention constitutes an improvement of 

the fuel injection pump disclosed in pending application 
of Einar S. Dahl, Serial No. 702,389, filed December 
12, 1957. 

It is an object of the present invention to provide an im 
proved fuel injection pump for direct cylinder injection, 
having an output that varies directly with the speed at 
which said pump is driven. m 

It is another object of the present invention to provide 
an improved fuel injection pump having a rotatable and 
reciprocating plunger connected to and driven by a ro 
tatable cam for distributing fuel to respective cylinders 
of an internal combustion engine. 

It is another object to provide a fuel injection pump in 
accordance with the preceding object, wherein the cam 
is in contact with a plurality of rollers and said plunger 
has a flexible connection with said cam for thereby al 
lowing equal distribution of the driving load of the plunger 
upon the rollers. . 

It is an additional object to provide a fuel injection 
pump in accordance with the preceding objects having 
means for lubricating the rollers by the same liquid fuel 
as is delivered by the pump. 

It is still another object to provide an improved cam 
and plunger for a fuel injection pump with the plunger 
having a partially rounded and partially flat end in con 
tact with said cam. - 
The invention consists of the novel constructions, ar 

rangements and devices to be hereinafter described and 
claimed for carrying out the above stated objects and such 
other objects as will appear from the following descrip 
tion of a preferred form of the invention, illustrated with 
reference to the accompanying drawings, wherein: 

Fig. 1 is a longitudinal sectional view of the improved 
pump of the present invention; 

Figs, 2 and 3 are views taken on lines 2-2 and 3-3 
of Fig. 1; and 

Fig. 4 is an enlarged fragmentary sectional view of a 
plunger and cam utilized in the pump of Fig. 1. 

Referring now to Fig. 1, the improved pump of the 
present invention, designated by the numeral 10, com 
prises a driving section 11, and a pumping section 12. 
The driving section 11 comprises a casing 13, a drive 
shaft 14 journalled within the casing 13, and a cam 15. 
The drive shaft 14 is driven by a rotatable part of an in 
ternal combustion engine (not shown) and rotatably 
drives the cam 15. A plurality of rollers 16 are rotatably 
disposed within the casing 13 with their axes of rotation 
at right angles to the axis of the drive shaft 14 and are 
in contact with a cam surface 17 of the cam 15. 
The pumping section 12 generally comprises an outer 

pump body 18, an inner pump body 19 slidably disposed 
within the outer body 18, and a plunger 20 reciprocatively 
and rotatably disposed within an axial central bore 21 
formed in the inner body 19. The outer pump body 18 
is attached to the casing 13 by a plurality of machine 
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screws 22, and the inner pump body 19 is contained with 
in the outer body 18 by means of a cap nut 23 which is 
threaded on the outer pump body 18 and which fits into 
an annular groove 24 formed on an end of the inner 
pump body 19. A fluid tight seal is provided between 
the inner pump body 19 and the outer pump body 18 by 
means of O-rings 25 and 26 which are contained in an 
nular grooves 27 and 28, respectively, formed in the inner 
pump body 19. A fluid tight seal also is provided between 
the outer pump body 18 and the casing 13 by means of 
an O-ring 29 which is contained in an annular groove 30 
formed in the casing 13. 
The plunger 20 is formed with an enlarged cylindrical 

head 3 which extends into a cylindrical recess 32 formed 
in the cam 15. The cylindrical head 31 is formed with 
a slot 33, and a driving connection with the shaft 14 
is provided by means of a tang 34 formed integrally with 
the shaft 14 which extends through the cam 15 and fits 
into the slot 33. The head 31 of the plunger 20 is formed 
with a partially rounded surface 35 and a partially flat 
surface 36 in contact with an annular surface 37 in th 
bottom of the recess 32. 
A spring retaining collar 38 encircles the plunger 20 

and abuts against a washer 39 which is disposed between 
the retaining collar 38 and the enlarged cylindrical head 
31 of the plunger 20. A spring 40 is disposed under con 
stant compression between the retaining cap 38 and an an 
nular portion 41 of the inner pump body 19. The spring 
40 tends to force the plunger 20 and cam 15 to the right 
as shown in Fig. 1 and press the cam surface 17 against 
the rollers 16. 
The inner pump body 19 is formed with a plurality of 

fuel inlet ports 42, a fuel spill port 43 and a plurality of 
fuel delivery ports 44. The plunger 20 is formed with an 
axial central cavity 45 which extends throughout approxi 
mately one half of the length of the plunger 20. The 
plunger 20 also is formed with a plurality of fuel inlet 
ports 46 and a fuel delivery port 47. The ports, 46 ex 
tend radially outward from the central cavity 45 and are 
adapted to be aligned with the fuel inlet ports 42 of the 
pump body 19 as the plunger 20 rotates. The fuel deliv 
ery port 47 also extends radially outward from the central 
cavity 45 and is adapted to be aligned with the fuel de 
livery ports 44 as the plunger 20 rotates. An end 48 
of the plunger 20 is adjacent to the spill port 43 and re 
stricts the port 43 as the plunger 20 reciprocates. 
The pump 10 is adapted to be lubricated by a portion 

of the same liquid fuel as is pumped by the plunger 20. 
Fuel is supplied to an annular cavity 49 existing between 
the outer pump body 18 and the inner pump body. 19 
through a port 50. Fuel also is supplied to a cavity 51 
formed in the casing 13 by means of a port 51a extend 
ing through the annular portion 41 of the inner pump 
body 19. Fuel within the cavity 51 provides lubrication 
between the rollers 6 and the cam 15. Each of the roll 
ers 16 is rotatably mounted on a respective hollow shaft 
52, and lubricating fuel is supplied to the interior thereof 
through channels 53 formed in the casing 13. Each chan 
nel 53 communicates with the cavity 51 and with a cham 
ber 54 formed in the casing 13 at the radially outward 
end of each shaft 52. Fuel is allowed to pass from the 
chamber 54 through a central opening 55 in each shaft 52 
to a radially extending port 56 also formed in the shaft 
52. Fuel passing through the central opening 55 and the 
port 56 lubricates the interior of the roller 16. ... 

Lubrication of the plunger 20 also is provided by mean 
of an annular groove 57 formed on the plunger 20. A 
port 58 is in communication with the groove 57 and opens 
into the cavity 49 for allowing passage of fuel to the 
groove 57. 

Fuel discharged by the pump 10 is distributed in timed 
relationship to a plurality of nozzles 59 extending into 
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the cylinders of an internal combustion engine (not 
shown). Each of the nozzles 59 is connected with a de 
livery port 44 through a fluid conduit 60. 

In operation, the pump 10 functions as follows: the 
drive shaft 14 is driven by a rotatable part of the internal 
combustion engine (not shown), and rotatably drives the 
plunger 20 and cam 15. The cam surface 17 in contact 
with the rollers 16. imparts a reciprocating motion to the 
plunger 20 as it rotates. During the intake stroke of the 
plunger 20, that is, when the plunger is moving to the 
right as shown, the inlet ports 46 become aligned with the 
inlet ports 42 in the pump body 19. Fuel is drawn into 
the cavity 45, and as the plunger 20 rotates still further, 
communication with the inlet ports 42 is cut off. During 
the delivery stroke of the plunger 20, that is, to the left as 
shown in Fig. 1, the fuel within the cavity 45 and the cen 
tral bore 21 is compressed by the plunger 20. A portion 
of the fuel within the bore 21 is discharged past the end 
48 of the plunger 20 through the spill port 43. As the 
plunger 20 moves further to the left, the spill port 43 is 
cut off and the fuel delivery port 47 in the plunger 20 
becomes aligned with one of the delivery ports 44. Fuel 
is discharged through the delivery ports 47 and 44, the 
conduit 60, and the nozzle 59 into a cylinder of the inter 
nal combustion engine. As the plunger rotates still fur 
ther, communication between the ports 47 and 44 is cut 
off and the inlet ports 46 again become aligned with the 
inlet ports 42. The cycle just described is repeated for 
as many fuel delivery ports and as many cylinders as there 
are in the internal combustion engine. 
The quantity of fuel delivered through each of the de 

livery ports 44 is determined by the proportion of fuel dis 
charged through the spill port 43. The proportion of fuel 
delivered to that spilled can be varied by turning the cap 
nut 23. Turning of the cap nut causes the inner pump 
body 19 and the spill port 43 to be moved axially with re 
spect to the end 48 of the plunger 20. The proportion de 
livered to the nozzles 59 thus can be increased or de 
creased depending upon the direction of rotation of the 
cap nut 23. 

Fuel existing within the cavity 49 is allowed to pass 
through the port 51a and into the cavity 51. Fuel pres 
ent within the cavity 51 acts as a lubricant between the 
rollers 16 and the cam surface 17. A portion of the 
fuel within the cavity 51 can pass through the channels 
53, the chambers 54, the central openings 55 and the port 
56 for lubricating the interior of each of the rollers 16. 
The flexible connection provided between the cam 15 

and the head 31 of the plunger 20 functions to equalize 
the driving load of the plunger 20 upon each of the 
rollers 16, as will now be described. It is virtually im 
possible to so locate the shafts 52 in the casing 13 that 
the cam 15 would maintain uniform contact with the 
rollers 16 if the cam 15 were formed integral with the 
plunger 20. The cam 15 should maintain equal contact 
at all times with all three of the rollers 16 shown. The 
driving force for reciprocating the plunger 20 is trans 
mitted through the contacting surfaces 36 and 37. The 
partially rounded surface 35 formed on the head 31 al 
lows the cam 15 to tilt slightly and still maintain a driv 
ing connection with the head 31 for reciprocating the 
plunger 20. Where provision is made, as in the present 
invention, for equalizing the load on the rollers 16, the 
lubrication requirements of each of the rollers 16 can be 
Satisfied by the liquid fuel. The liquid fuel has sufficient 
lubricating qualities for this purpose. If the driving load 
were not equally distributed between the rollers 16, the 
roller or rollers carrying the greater load would require 
additional lubrication and it would be necessary to pro 
vide auxiliary lubricating means for the driving section 
11 of the pump 10. 
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There has been provided by this invention an improved 

fuel injection pump having an output that varies di 
rectly with the speed at which the pump is driven. The 
pump has a rotating and reciprocating plunger driven by 
a rotating cam in contact with a plurality of rollers, 
and the driving load of the plunger is equally distrib 
uted over the various rollers, thereby permitting lubrica 
tion of the rollers by the same liquid fuel as is delivered 
by the pump. 

It is to be understood that the invention is not to be 
limited to the specific constructions and arrangements 
shown and described, except only insofar as the claims 
may be so limited, as it will be apparent to those skilled 
in the art that changes may be made without departing 
from the principles of the invention. 
We claim: 
1. In a fuel injection pump for supplying liquid fuel 

to an internal combustion engine, the combination of a 
casing having a cylindrical bore therein, a plunger dis 
posed within said bore, and drive means for rotating and 
reciprocating said plunger, said drive means including a 
drive shaft, a plurality of rollers rotatably mounted in 
said casing and a rotatable cam disposed axially between 
said rollers and said plunger for reciprocating said 
plunger as said cam and said plunger rotate, and spring 
means for forcing and maintaining said plunger in con 
tact with said cam, said plunger being formed with a 
cylindrical head having a driving connection with said 
drive shaft including a slot for rotating said plunger and 
a partially round and partially flat end surface in contact 
with said cam for reciprocating said plunger, whereby 
said cam is allowed to tilt slightly with respect to said 
plunger and thereby maintain equal contact with each 
of said rollers. 

2. In a fuel injection pump for supplying liquid fuel 
to an internal combustion engine, the combination of a 
casing having a cylindrical bore and a fuel supply cham 
ber therein; a fuel delivery plunger having a cylindrical 
driving head and disposed within said bore; and drive 
means for rotating and reciprocating said plunger, said 
drive means including a drive shaft, a rotatable cam 
formed with a cylindrical recess for receiving and retain 
ing the head of said plunger and having a driving con 
nection therewith and a plurality of rollers rotatably 
mounted in said casing and in contact with said can for 
imparting a reciprocating motion to said plunger as said 
can rotates and spring means for maintaining the head in 
contact with said cam, said plunger head being formed 
with a slot forming a driving connection with said drive 
shaft for rotating said plunger and a partially flat end 
surface in contact with a flat surface on said cam and 
Said plunger head also being formed with a partially 
round surface surrounding and adjacent to said flat sur 
face for thereby providing a flexible driving connection 
with said cam for reciprocating said plunger, whereby 
said cam is allowed to tilt slightly with respect to said 
plunger as said cam rotates and thereby maintain equal 
contact with each of said rollers. 
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