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2,980,092 
FUEAL INDECTION PUMP 

Alexander Dreisin, Highland Park, and Louis G. Kaplan, 
Evanston, Ill., assignors, by mesne assignments, to 
Alis-Chainers Manufacturing Coalpany, a corpora 
tion of Delaware 

Filed July 1, 1957, Ser. No. 668,971 
17 Claims. (C. 123-39) 

This invention relates to an improved injection pump 
of the distributor type for internal combustion engines 
which uses fuel injection to introduce the fuel into the 
engine cylinders either directly into the combustion cham 
ber or into the inlet manifold of diesel and gasoline 
engines. - 

An object of the invention is to provide a simple and 
effective means for both pumping and distributing fuel 
Within a fuel injection system for multiple cylinder appli 
cations to internal combustion engines. 
Another object of the invention is to provide a single 

plunger fuel pump for internal combustion engines in 
which the plunger also functions as a distributor of fuel 
to the several combustion chambers or intake manifold 
of a multicylinder engine of either two- or four-cycle 
type. 
Another object of the invention is the provision of a 

plunger-operated fuel injection pump in which a delivery 
valve is located within the plunger and moves to closed 
position to effect a rapid reduction in delivery pressure. 
Another object of the invention is the provision of a 

plunger-operated fuel injection pump having a pump 
chamber into which the plunger is inserted to effect a 
fuel delivery, in which communication between the pump 
chamber and the fuel supply is maintained throughout 
the entire retractive movement of the plunger to insure 
full charging of the pump chamber and to avoid forma 
tion of a vacuum therein. 

Another object of the invention is the provision of a 
single plunger fuel pump in which the plunger is moved 
rectilinearly to effect a fuel delivery and is ; rotated to 
deliver the fuel to the proper combustion chamber of a 
multiple-cylinder internal combustion engine. 
Another object of the invention is the provision of a 

fuel injection pump in accordance with the preceding 
object in which means are provided for controlling either, 
or both, of the points of initiation and termination of 
fuel delivery. . . 

Other objects and features of the invention will be 
readily apparent to those skilled in the art from the fol 
lowing specification and accompanying drawings in 
which: 

Fig. 1 is a partial vertical sectional view of the fuel 
injection pump of this invention; 

Fig. 2 is an enlarged detail sectional view of the struc 
ture of Fig. 1 showing the delivery valve and the fuel 
Supply control; 

Fig. 3 is a detail sectional view of the structure illus 
trated in Fig. 1 taken on the line 3-3 thereof; 
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shown), a shaft 2 carrying a cam 3 and a miter gear 4. 
The surface of the cam 3 is provided with a plurality 
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of lobes. The number of lobes on the cam 3 is depend 
ent on the speed of rotation of the shaft 2 and the num 
ber of strokes of a piston in one cycle of operation of 
an internal combustion engine that is equipped with this 
pump. That is, in a four-cycle internal combustion 
engine with the shaft 2 rotating at one-half crank shaft 
speed, the number of lobes on the cam 3 would corre 
spond to the number of cylinders in the engine. 

Within an opening in casing 1 above the cam 3 is dis 
posed a cage 6 having an interconnected outer wall 7. 
and an inner wall 8, defining an annular recess 9 in 
which is rotatably disposed a miter gear 11, meshing 
with miter gear 4 on the shaft 2. Any force transmitted 
upwardly from gear 4 to the gear 11 is applied by an 
annular bearing 12 to a snap ring 3. The cage 6 is 
loosely retained in assembled relation with casing by 
a screw 4 and a washer 15. 
The inner surface of the inner wall 8 of cage 6 forms 

a central bore in which is disposed a reciprocable tappet 
16. The lower face of the tappet 16 is provided with a 
socket 7 in which is disposed a roller 18 engaged by 
the surface of the cam 3 and cooperating with the lobes 
5 to effect reciprocation of the tappet 16. 

Rigidly mounted on the lower casing and clamping 
the cage 6 therebetween is an upper casing 19. Casing 
9 is provided with a central bore in which is disposed 

the operating plunger 21. The upper end of the bore 
in casing 9 is closed by a plug 22 and between the 
lower end of plug 22 and the upper end of plunger 21 
is the pump chamber 23. A driving disk 24 is keyed 
on the plunger 21 by a flat 25 (Fig. 4) for common 
rotative movement while permitting the plunger 21 to 
move longitudinally relative to the disk 24. Two pairs 
of projections 26 extend downwardly from the under 
surface of the disk 24 and between each pair is disposed 
a tongue 27 extending from the miter gear 11. Upon 
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Fig. 4 is a detail sectional view of the structure illus 
trated in Fig.1 taken on the line 4-4 thereof; ; ; . 

Fig. 5 is a developed view illustrating the delivery 
operation of the pump; and 

Fig. 6 is a vertical sectional view of an injection pump 
showing anotherform thereof. 

Referring more particularly to Figs. 1 through 4, the 
injection pump of this invention includes a lower casing 
1, having journaled therein by suitable bearings (not 
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the lower end of the plunger 2i is mounted a spring seat 
28 and between this seat and the under surface of driving 
disk 24 is disposed a spring 29 which biases the plunger 
21 toward retracted position and the end of plunger 21 
into engagement with the tappet 16. 
The plunger 21 is provided with a radial fuel inlet 

passage 31 communicating with a central bore in the 
upper portion of plunger 21, the lower part of this cen 
tral bore constituting an inlet passage 32, the upper por 
tion forming a sealing surface 33 and the intermediate 
portion forming an enlarged valve discharge passage. 34. 
Valve means 35 is disposed within the central bore of 
plunger 21 and these parts are shown in greater detail. 
in the enlarged view of Fig. 2. The valve 35 has a 
stem 36 and a head 37 and has a central passage 38 there 
through, connecting the inlet passage 32 with the pump : 
chamber 23. A spring 39 is disposed between the under 
surface of the head 37 of valve 35 and a shoulder within 
the central bore of plunger 21 and biases the valve into 
closed position, the valve closure being effected by en 
gagement of the sealing ring 4 with surface 33. A seal 
ing ring 42 prevents communication between the inlet and 
discharge passages about the stem 36. A snap ring 43. 
limits the closed position of the valve 35. 

Extending from chamber 34 to the periphery of 
plunger 2 is a discharge slot or opening 44 which is 
successively indexed with discharge passages 45, spaced . 
circumferentially about the plunger 21 and correspond 
ing in number to the number of engine cylinders. The 
discharge passages 45 are shown in Fig. 1 as terminating 
in exterior sockets 46 which are provided for the con 
nection of high-pressure tubing, which may in turn be 
connected to injection nozzles. . . . . 
Within the casing 19 and communicating with its:cen 
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tral bore is a fuel chamber 47 which is supplied with 
fuel by a conventional fuel Supply pump. About the 
plunger 2, at its inlet passage 3i and extending into 
chamber 47 is a sleeve 48, shown in detail in Figs. 2 
and 3. The sleeve 4S is comprised of an annular central 
portion 49 having in its upper Surface an annular recess 
51 communicating through an inlet passage 52 with 
chamber 47. Axially extending passages 53 are provided 
in the form of slots in the central bore of annular por 
tion 49, communicate with the annular recess 51, and 
are spaced circumferentially about the bore. The pas 
sages 53 are equal in number to the number of engine 
cylinders and have therebetween inlet sealing portions 54. 
Upon the opposite faces of the annular portion 49 are 
mounted disks 55 and 56 to close the passages thereat. 
Piunger 2 is freely movable relative to the sleeve 43 
both rotatably and rectilinearly. In the sleeve 43 the 
annular portion 49 and the disks 55 and 56 are rigidly 
joined together into a unitary Structure. 
The lower sleeve disk 56 is provided with an exten 

sion 57 having a slot 58 in which is disposed a crank 
59 which not only normally holds the sleeve 48 in place 
against undesired rotation but also provides a means 
effecting limited rotation of the sleeve to control the point 
of initiation of fuel injection. The crank 59 is mounted 
upon a shaft 6 so as to be rotatable therewith. Shaft 
6; is journaled in a hub 62, which is supported on an 
exterior plate 63 mounted on the casing 59. Keyed on 
the exterior end of the shaft 6i are an operating arm 64 
and a stop arm 65 which is engaged with stops 66 on tile 
plate 63 to limit rotative movement of the shaft 6i 
and hence to limit rotation of the sleeve 48 relative to 
the casing 9. An oil seal ring 57 is provided between 
the shaft 6i and the hub 62. 

Fig. 5 is a developed view of the internal bore of the 
control sleeve 48, showing the relation of the inlet pas 
sage 3i relative thereto in various positions, represented 
by the circles A, B and C. The arrow D represents the 
direction of relative inlet passage motion. The vertical 
movement of the undulating path of the circies represents 
the length of the plunger stroke. 

in the operation of the pump, the shaft 2 is connected 
to be rotated by the engine which it supplies, for example, 
by direct connection to the engine can shaft so as to 
rotate synchronously with the engine in the case of a 
two-cycle engine and through a reduction gear to rotate 
at one half synchronous engine speed in the case of a 
four-cycle engine. As the shaft 2 rotates, the nodes 5 
on the surface of can 3 are successively engaged with the 
roller A3 to effect upward movement of the plunger 2i. 
into the pump chamber 23 to expel fuel therefrom. The 
plunger 29, tappet S, and roller 8, at all times follow 
the surface of the cam 3, being biased downwardly by the 
Spring 29. Also as the shaft 2 rotates, the miter gear 4 
rotates the gear is and it in turn, through the engage 
ment of the tongues 27 with the projections 26, rotates 
the driving disk 24 to effect rotation of the plunger 2 to 
which it is keyed by the flat 25. Rotation of the plunger 
21 indexes the discharge slot 44 successively with the dis 
charge openings 45 leading to the engine cylinders and 
also indexes the entrance passage 32, either with the pas 
Sages 53, the sealing portions 54, or the annular recess 51. 
As shown in Fig. 1, the operating plunger 25 of the 

pump is in retracted position corresponding to point C 
on the developed view of Fig. 5. in this position com 
munication is established between supply chamber 47 
and pump chamber 23, through sleeve inlet passage 52, 
annular recess 51, sleeve axial passage 53, plunger inlet 
passage 3i, vertical plunger passage 32, and the bore or 
passage 33 through the valve 35. As the shaft 2 rotates, 
the operating plunger 22 will be simultaneously moved 
upwardly by the lobes on can 3 and rotated by the miter 
gear é. So long as the entrance passage 35 remains in 
communication with a sleeve axial passage 53, no pres 
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4. 
therein returns freely to the supply chamber 47. When 
the inlet passage 31 is completely sealed by a portion 54 
in the position A of Fig. 5, pump chamber 23 is no longer 
in communication with supply chamber 47 and further 
upward movement of the plunger 21 causes a buildup of 
pressure within chamber 23, and effects downward move 
ment of discharge valve 35 against the bias of Spring 39 
until sealing ring 4 clears the upper shoulder of the 
chamber 34 at which time the fuel in chamber 23 passes 
directly into discharge chamber 34 and through dis 
charge slot 44, passage 45 to the indexed engine cylinder. 

This fuel delivery continues from inlet passage 31 posi 
tion A in Fig. 5 to inlet passage position B where it has 
just reached the horizontal edge of the annular recess 51. 
As soon as the edge of the inlet passage passes the edge 
of the annular recess, the pump chamber 23 is again 
placed in free communication with the supply chamber 
47. The pressure within chamber 23 is relieved and the 
valve 35 Sihaps to its closed position, in which it is shown 
in Fig. 2. Continued upward movement of the plunger 
2 from the inlet passage position B to the end of the 
plunger stroke only expels fuel from the chamber 23 back 
into the supply chamber 47. . . 
As shaft 2 continues to rotate, plunger 2i is retracted 

under the bias of spring 29 as the roller i8 follows the 
opposite slope of the cam lobe, the plunger also rotating 
to follow the downward path indicated by the letter D 
in Fig. 5. As will be seen from Fig. 5, the inlet passage 
31, is in communication with a passage 53 throughout 
the entire downward stroke of the plunger 21, thus mak 
ing it possible to charge the pump chamber 23 with fresh 
fuel throughout the entire downward stroke of the 
plunger. This affords a maximum percentage of time 
for charging the pump chamber and avoids formation of 
a vacuum therein, important considerations for high-speed 
operations and in the use of volatile fuel. 
As the valve 35 moves into the closed position of Fig. 

2 at the termination of fuel injection, the volume of the 
discharge cavities beyond the valve 35 is increased by the 
product of the difference in area between the bore in 
which the head 37 is located and the bore in which the 
lower end of stem 36 is located multiplied by the stroke 
of the valve. This increase in volume causes a rapid re 
duction in hydraulic pressure in the passages beyond the 
delivery valve 35, including passage 45, connected tub 
ing, and the injection nozzle. This rapid reduction in 
pressure is important in avoiding efflux of the fuel from 
the nozzle which might otherwise occur during a gradual 
reduction of pressure in the pump. 

In the pump heretofore described, termination of fuel 
injection will always occur at the same point in the up 
ward stroke of the plunger 21 when the entrance passage 
3 overrides the horizontal edge of the annular recess 51 
as occurs just beyond the position B of Fig. 5. The point 
of the upward stroke of the plunger 21 at which fuel in 
jection is initiated can, however, be varied by rotation 
of arm 64 to effect rotation of the sleeve 48 relative to the 
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casing A9. If the sleeve 48 is rotated in the same direc 
tion in which plunger 21 is rotated, this will correspond 
to a movement to the right of the developed sleeve shown 
in Fig. 5. This means that the inlet passage 3 will not 
be closed until later in the upward stroke of plunger and 
thus fuel injection also will be initiated later. Since the 
point in the stroke at which fuel injection is terminated 
remains the same, as the inlet opening 31 overrides the 
horizontal edge of the recess 51, the result of this sleeve 
rotation is to lessen the time of injection and hence the 
quantity of fuel delivered. Similarly, movement of the 
sleeve 48 in the direction opposite to the direction of 
plunger rotation would effect closing of the inlet passage 
3 earlier in the upward stroke of the plunger and cause 
a corresponding increase in the time and quantity of fuel 
injection. The arm 64 can thus be connected to any 

sure is built up within the punp chamber 23 as the fuel is means either manual or automatic to change the quantity 
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of fuel delivery in proportion to the demands of the 
engine. 

In Fig. 6 a modified form of injection pump is shown. 
While the figure illustration differs from the preferred 
form of Fig. 1 in other and minor details, only the salient 
differences relating to the discharge valve and to the 
vertical adjustment of the control sleeve will be described. 
In this modification the delivery valve is no longer located 
within the operating plunger but is now mounted in the 
bore within the exterior casing which is here numbered 
8i, the operating plunger being shown at 82, with an inlet 
passage 83 and a central bore 84 leading to the pump 
chamber 85. Stationarily mounted within the casing 81, 
above and in communication with the pump chamber 85, 
is a valve seat 86 held in place through the plug 87 which 
internally carries a spring 88 pressing against valve means, 
herein illustrated as a ball 89. Angular and horizontal 
passages 91 and 92 connect the discharge side of the 
valve to the central bore within the casing 81. The 
plunger 82 is provided with an annular recess 93 com 
municating with a discharge slot 94 adapted to be indexed 
with successive discharge passages 95. In this modifica 
tion fuel trapped in pump chamber 85 when the inlet 
passage 83 is sealed lifts the ball 89 from valve seat 86 
to permit delivery of fuel to the annular space 80 through 
slots in a ring 90 and on through the passages 91 and 92 
to the annular recess 93, whence it discharges through 
discharge slot 94 into discharge passages 95. 

Fig. 6 also illustrates control of the point of termina 
tion of fuel injection in addition to control of the point of 
initiation of fuel injection. Here the control sleeve is 
indicated at 96 and has a slot 97 in a portion of its pe 
riphery in which is received a pin 98 eccentrically mount 
ed at the end of a shaft 99. Since the sleeve 96 is freely 
movable relative to the plunger 82, it is seen that rotation 
of the shaft 99 will be accompanied by a movement of 
the pin 98 having a vertical component so that the sleeve 
96 will be moved vertically relative to the casing 81. 
Referring to Fig. 5 this corresponds to a vertical move 
ment of the developed sleeve. If the sleeve 96 is moved 
upwardly the inlet passage 83 will not reach the edge of 
the annular recess until later in the upward stroke of the 
plunger. Assuming that in this operation the sleeve 96 
is not rotated, the upward movement will result in a 
longer period of fuel injection and delivery of a greater 
quantity. By suitable adjustment of the rotative and ver 
tical positions of the controlling sleeve 96 both the be 
ginning and end of fuel injection may be advanced or re 
tarded as desired to adjust the quantity of fuel delivered 
to the engine and the timing relation between pump oper 
ation and engine piston displacement. 

In the form in which the pump has been described and 
illustrated it is an independent subassembly affording 
complete freedom of location and choice of other parts 
of the fuel supply system. The pump of this invention 
lends itself equally well to a construction where the sys 
tem constitutes a self-contained unit with its own drive, 
Supply pump and governor. 
What is claimed is: 
1. An injection pump comprising a casing having a 

bore therein, a plunger in said bore freely movable longi 
tudinally and rotatably of the casing, a pump chamber 
in said bore at the interior end of said plunger into which 
the plunger is moved in its working stroke, means on said 
pump for reciprocating and rotating said plunger to 
effect delivery of fluid from said chamber, said plunger 
having an inlet passage communicating with said pump 
chamber and having an inlet opening at the periphery of 
the plunger, a sleeve surrounding said plunger and in 
which the plunger is freely movable both longitudinally 
and rotatably, said sleeve having an inlet opening and a 
plurality of passages therein communicating with said 
sleeve inlet opening and disposed adjacent to said plunger 
inlet opening so as to be cyclically connected and dis 
connected therewith during rotational and longitudinal 
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movements of the plunger, said plunger having a dis 
charge passage communicating with a discharge opening 
at the periphery thereof, valve means carried by said 
pump connecting said pump chamber with said discharge 
opening upon buildup of pressure within the chamber 
during the working stroke of the plunger, said casing hav 
ing discharge passages leading from said bore to the 
casing exterior, said casing passages being spaced circum 
ferentially about said plunger and successively indexed 
with said plunger discharge opening as the plunger ro 
tates, and means on said casing for adjusting said sleeve 
angularly and axially of said plunger to effect the con 
nection and disconnection of the inlet opening independ 
ently of each other. 

2. An injection pump comprising a casing having a 
bore therein, a plunger in said bore freely movable 
longitudinally and rotatably of the casing, a pump cham 
ber in said bore at the interior end of the plunger into 
which the plunger is moved in its working stroke, means 
on said pump for reciprocating and rotating said plunger 
to effect delivery of fluid from said chamber, a sleeve 
about said plunger having a bore therethrough within 
which the plunger is freely rotatably and longitudinally 
movable, an annular recess in the bore of said sleeve, 
an inlet opening extending from said annular recess to 
the exterior of the sleeve, a plurality of circumferentially 
spaced, axially extending slots in the bore of said sleeve 
communicating with said annular recess, an inlet passage 
within said plunger communicating with said pump cham 
ber and extending to an inlet opening in the periphery of 
the plunger disposed at said sleeve so as to be in com 
munication with said axial slots and annular recess dur 
ing portions of the plunger stroke and sealed by the 
sleeve during another portion of the stroke in which 
fuel delivery is effected, a discharge passage in said 
plunger communicating with a discharge opening at the 
periphery thereof, valve means on said pump connecting 
said pump chamber with said discharge opening upon 

40 
buildup of pressure within the chamber during the work 
ing stroke of the plunger, and discharge passages in said 
casing leading from said bore to the casing exterior, said 
casing passages being spaced circumferentially about said 
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plunger and successively indexed with said plunger dis 
charge opening as the plunger rotates. 

3. An injection pump comprising a casing having a 
bore therein, a plunger in said bore freely movable 
longitudinally and rotatably of the casing, a pump cham 
ber in said bore at the interior end of the plunger into 
which the plunger is moved in its working stroke, means 
on said pump for reciprocating and rotating said plunger 
to effect delivery of fluid from said chamber, a sleeve 
about said plunger having a bore therethrough within 
which the plunger is freely rotatably and longitudinally 
movable, an annular recess in the bore of said sleeve, an 
inlet opening extending from said annular recess to the 
exterior of the sleeve, a plurality of circumferentially 
spaced, axially extending slots in the bore of said sleeve 
communicating with said annular recess, an inlet passage 
within said plunger communicating with said pump cham 
ber and extending to an inlet opening in the periphery 
of the plunger disposed at said sleeve so as to be in com 
munication with said axial slots and annular recess dur 
ing portions of the plunger stroke and sealed by the 
sleeve during another portion of the stroke in which fuel 
delivery is effected, closing of the plunger inlet opening 
by the wall of the sleeve between the axial slots trapping 
fluid within the pump chamber and initiating fluid de 
livery, and communication of the plunger inlet opening 
with the annular recess relieving pump chamber pressure 
to terminate fluid delivery. 

4. An injection pump comprising a casing having a 
bore therein, a plunger in said bore freely movable longi 
tudinally and rotatably of the casing, a pump chamber 
in said bore at the interior end of the plunger into which 
the plunger is moved in its working stroke, means on said: 
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pump for reciprocating and rotating said plunger to effect 
delivery of fluid from said chamber, a sleeve about said 
plunger having a bore therethrough within which the 
plunger is freely rotatably and longitudinally movable, 
an annular recess in the bore of said sleeve, an inlet open 
ing extending from said annular recess to the extericit 
of the sleeve, a plurality of circumferentially spaced, 
axially extending slots in the bore of said sleeve coin 
municating with said annular recess, an inlet passage with 
in said plunger communicating with said pump charnber 
and extending to an inlet opening in the periphery of 
the plunger disposed at said sleeve so as to be in con 
munication with said axial slots and annular receSS dur 
ing portions of the plunger stroke and Sealed by the 
sleeve during another portion of the stroke in which fuel 
delivery is effected, closing of the plunger inlet opening 
by the waii of the sleeve between the axial slots trapping 
fluid within the punp chamber and initiating fluid de 
livery, communication of the plunger inlet opening with 
the annular recess relicving pump chamber pressure to 
terminate fluid delivery, and means on said punp for 
rotating said sleeve relative to the casing to vary the 
point in the cycle at which the wall of the sleeve bore 
seals off the plunger inlet opening and hence the point 
at which fluid delivery begins. 

5. An injection pimp comprising a casing having a 
bore therein, a plunger in said bore freely movable longi 
tudinally and rotatably of the casing, a pump chainber in 
said bore at the interior end of the pillager into which the 
plunger is moved in its working stroke, means on said 
purnp for reciprocating and rotating said plunger to effect 
delivery of fluid from said chamber, a sleeve about said 
plunger having a bore therethrough within which the 
puager is freely rotatably and longitudinally movable, 
an annular recess in the bore of said sleeve, an inlet open 
ing extending from said annular recess to the exterior of 
the sleeve, a plurality of circumferentially spaced, axially 
extending slots in the bore of said sleeve communicating 
with said annular recess, an inlet passage within said 
plunger communicating with said pump chamber and ex 
tending to an inlet opening in the periphery of the plunger 
disposed at said sleeve so as to be in communication with 
said axial slots and annular recess during portions of the 
plunger stroke and sealed by the sleeve duiring another 
portion of the stroke in which fuel delivery is effected, 
closing of the plunger inlet opening by the wall of the 
sleeve between the axial slots trapping fluid within the 
pump chamber and initiating fluid delivery, cornmunica 
tion of the plunger inlet opening with the annular re 
cess relieving pump chamber pressure to terminate fluid 
delivery, and means on said pump for moving said sleeve 
longitudinally of said plunger so as to vary the point in 
the plunger stroke at which the plunger inlet opening 
communicates with the annular recess and hence vary the 
point in the cycle at which fuel delivery is terminated. 

6. An injection pump comprising a casing having a 
bore therein, a plunger in said bore freely movable longi 
tudinally and rotatably of the casing, a pump charnber 
in said bore at the interior end of the plunger into which 
the plunger is moved in its working stroke, means on said 
pump for reciprocating and rotating said plunger to effect 
delivery of fluid from said chamber, a sleeve about said 
plunger having a bore therethrough within which the 
plunger is freely rotatably and longitudinally movable, 
an annular recess in the bore of said sleeve, an inlet open 
ing extending from said annular recess to the exterior of 
the sleeve, a plurality of circumferentially spaced, axially 
extending slots in the bore of said sleeve communicating 
with said annular recess, an inlet passage within said 
plunger communicating with said pump chamber, and ex 
tending to an inlet opening in the periphery of the plunger 
disposed at said sleeve so as to be in communication with 
said axial slots and annular recess during portions of the 
plunger stroke and sealed by the sleeve during another 
portion of the stroke in which fuel delivery is effected, 
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closing of the plunger inlet opening by the wall of the 
sleeve between the axial siots trapping fluid within the 
pump chamber and initiating fluid delivery, communica 
tion of the plunger inlet opening with the annular recess 
relieving pump chamber pressure to terminate fluid deliv 
ery, means on said pump for rotating said sleeve relative 
to the casing to vary the point in the plunger stroke at 
which the wall of the sleeve bore seas the plunger inles 
opening, and means for moving said sleeve longitudinally 
of said plunger to vary the point in the plunger stroke at 
which the plunger inlet opening communicates with the 
annular recess, 

7. An injection pump comprising a casing having a 
bore therei, a pluger in Said bore freely movable logi 
tudinally and rotatably of the casing, a pump chamber in 
Said bore at the interior end of the pilinger into which the 
plunger is noved in its working stroke, means for recip 
rocating and rotating said plunger to effect delivery of 
fluid from said chamber, a source of fluid, means oper 
able on rotation and longitudiinal noverinent of said 
plunger to cyclically connect and disconnect said chamber 
with said fluid supply source, said last-mentioned near8 
including a bore in the interior end of said plunger hav 
ing inlet and outlet openings communicating with the 
periphery of the plunger and control means sealing and 
opening said plunger inlet opening, a valve within said 
piunger bore and having a head providing the valve seal 
in a bore portion of one diameter adjacent the end of 
the plunger, said valve having a stem extending length 
wise of the bore and sealing in a bore portion of smaller 
diameter, an opening through said stern freely communi 
cating the inlet portion of the plinger bore with the pump 
chamber, a discharge chamber about said valve stem coin 
municating with said pump chamber when said valve is 
open, and the plunger discharge opening comalinicating 
with said discharge chamber, and discharge passages in 
said casing leading from the casing bare to the exterior 
and successively indexed with said lunger discharge open 
ing as the plunger rotates. 

8. An injection pump comprising a casing having a 
bore therein, a plunger in said bore freely movable longi 
tudinally and rotatably of the casing, a pump chamber in 
said bore at the interior end of the plunger into which the 
plunger is moved in its working stroke, means for recip 
rocating and rotating said plunger to effect delivery of 
fluid from said chamber, a source of fluid, means operable 
on rotation and longitudinal movement of said plunger 
to cyclically connect and disconnect said chamber with 
said fluid source, said last-mentioned means including a 
bore in the interior end of said plunger having inlet aid 
outlet openings communicating with the periphery of the 
plunger and control means sealing and opening said 
plunger inlet opening with respect to the fluid source, a 
valve within said plunger bore and having a head pro 
viding the the valve seal in a bore portion of one diameter 
adjacent the end of the plunger, said valve having a stem 
extending iengthwise of the bore and sealing in a bore 
portion of smaller diameter, an opening through said stem 
freely communicating the inlet portion of the plunger bore 
with the pump chamber, a discharge chamber about said 
valve stem communicating with the pump chamber when 
the valve is open, the head of the valve as it opers mov 
ing into the discharge chamber to reduce the volume 
thereof during fiuid delivery whereby return of the valve 
to sealing position will be accompanied by a rapid in 
crease in volume and reduction of pressure, within the 
discharge chamber, said discharge opening cotiamunicating 
with said discharge chamber, and discharge passages in 
said casing leading from said casing bore to the exterior 
and successively indexed with said plunger discharge open 
ing as the plunger rotates. 

9. An injection pump comprising a casing having a 
bore therein, a plunger in said bore freely movable longi 
tudinally and rotatably of the casing, a pump chamber in 
said bore at the interior end of the plunger into which the 
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plunger is moved in its working stroke, means for recip 
rocating and rotating said plunger to effect delivery of 
fluid from said chamber, a source of fluid, a sleeve mount 
ed on said plunger for free longitudinal and rotative move 
ment of said plunger relative thereto, a plurality of inter 
communicating passages in the bore of said sleeve, an 
inlet passage connecting said bore passages with said 
fluid source, a bore in the interior end of the plunger 
having an inlet passage leading to the periphery thereof, 
with the plunger inlet passage alternately placed in com 
munication with and sealed from the sleeve bore pas 
sages upon rotational and longitudinal movements of 
the plunger, a valve carried by said plunger within its 
bore and comprising a headed portion sealing within a 
section of the bore of one diameter adjacent the end of 
the plunger and a stem extending from the head and 
sealing in a plunger bore section of lesser diameter, a 
fluid supply passage; extending through the stem and 
head of said valve to place the pump chamber in com 
munication with the plunger inlet passage, means biasing 
said valve into sealing position, a discharge chamber about 
the stem of said valve, a discharge passage leading from 
said discharge chamber to the periphery of the plunger, 
and discharge passages in said casing leading from said 
casing bore to the exterior and successively indexed with 
said plunger discharge passage as the plunger rotates. 

10. An injection pump comprising a casing having a 
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bore therein, a plunger in said bore freely movable longi 
tudinally and rotatably of the casing, a pump chamber in 
said bore at the interior end of the plunger into which 
the plunger is moved in its working stroke, means for 
reciprocating and rotating said plunger to effect delivery 
of fluid from said chamber, a source of fluid, a sleeve 
mounted on said plunger for free longitudinal and rotative 
movement of said plunger relative thereto, a plurality of 
intercommunicating passages in the bore of said sleeve, 
an inlet passage connecting said bore passages with said 
fluid source, a bore in the interior end of the plunger 
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having an inlet passage leading to the periphery thereof, 
with the plunger inlet passage alternately placed in com 
munication with and sealed from the sleeve bore passages 
upon rotational and longitudinal movements of the plung 
er, a valve carried by said plunger within its bore and 
comprising a headed portion sealing within a section of 
the bore of one diameter adjacent to the end of the 
plunger and a stem extending from the head and sealing 
in a plunger bore section of lesser diameter, a fluid supply. 
passage extending through the stem and head of said 
valve to place the pump chamber in communication with 
the plunger inlet passage, means biasing said valve into 
sealing position, a discharge chamber about the stem of 
said valve, a discharge passage leading from said discharge 
chamber to the periphery of the plunger, the head of the 
discharge valve entering the discharge chamber during 
delivery of fluid from the pump thereby decreasing the 
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- volume of the discharge chamber during the delivery 
period whereby return of the valve into sealing position is . 
accompanied by a rapid increase in volume and reduc- . 
tion in pressure within the discharge chamber, and a 
plurality of discharge passages in said casing extending 
from the casing bore to the exterior- and successively in 
dexed with said plunger discharge passage as the plunger 
rotates. 

11. A fuel injection pump for internal combustion 
engines comprising a shaft, a cam on said shaft having a 
plurality of lobes thereon, a gear on said shaft, a pump 
operating plunger, means intermediate said plunger and 
cam for effecting reciprocation of said plunger in response 
to rotation of said shaft, a gear connected to said plunger 
and meshing with said first gear to effect rotation of said 
plunger in response to rotation of said shaft, a pump 
chamber into which the plunger is moved in its working 
stroke, a sleeve about said plunger having a bore in which 
the plunger is freely movable both rotatably and longitu 
dinally, said plunger having a passage through the interior 
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end thereof communicating with the pump chamber and 
with an inlet opening in the periphery of the plunger dis 
posed within said sleeve, a plurality of circumferentially 
spaced, axially extending recesses in the bore of said 
sleeve equal in number to the number of engine cylinders, 
an annular recess in said sleeve bore interconnecting said 
axially extending recesses, an inlet passage in said sleeve 
interconnecting said annular recess and said fuel source, a 
plunger inlet opening being cyclically connected with said 
sleeve recesses and sealed therefrom as the plunger is 
rotated and longitudinally moved in response to rotation 
of said shaft, and means for rotating and longitudinally 
shifting said sleeve. 

12. A fuel injection pump for internal combustion 
engines comprising a shaft, a cam on said shaft having a 
plurality of lobes thereon, a gear on said shaft, a pump 
operating plunger, means intermediate said plunger and 
cam for effecting reciprocation of said plunger in response 
to rotation of said shaft, a gear connected to said plunger 
and meshing with said first gear to effect rotation of said 
plunger in response to rotation of said shaft, a pump 
chamber into which the plunger is moved in its working 
stroke, a sleeve about said plunger having a bore in which 
the plunger is freely movable both rotatably and longi 
tudinally, a passage through the interior end of said 
plunger communicating with the pump chamber and with 
an inlet opening in the periphery of the plunger disposed 
within said sleeve, a plurality of circumferentially spaced, 
axially extending recesses in the bore of said sleeve equal 
in number to the number of engine cylinders, an annular 
recess in said sleeve bore interconnecting said axially ex 
tending recesses, an inlet passage in said sleeve intercon 
necting said annular recess and a fuel source, said plunger 
inlet opening being cyclically connected with said sleeve 
recesses and Sealed therefrom as the plunger is rotated 
and longitudinally moved in response to rotation of said 
shaft, means on said pump for adjusting said sleeve angu 
larly, and means on said pump for longitudinally shifting 
said sleeve. 

13. A fuel injection pump for internal combustion en 
gines comprising a shaft, a cam on said shaft having a 
plurality of lobes thereon, a gear on said shaft, a pump 
operating plunger, means intermediate said plunger and 
cam for effecting reciprocation of said plunger in re 
Sponse to rotation of said shaft, a gear connected to said 
plunger and meshing with said first gear to effect rotation 
of said plunger in response to rotation of said shaft, a 
pump chamber into which the plunger is moved in its 
working stroke, a source of fuel, a sleeve about said 
plunger having a bore in which the plunger is freely 
movable both rotatably and longitudinally, a passage 
through the interior end of said plunger communicating 
with the pump chamber and with an inlet opening in the 
periphery of the plunger disposed within said sleeve, a 
plurality of circumferentially spaced, axially extending 
recesses in the bore of said sleeve equal in number to the 
number of engine cylinders, an annular recess in said 
sleeve bore interconnecting said axially extending re 
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cesses, an inlet passage in said sleeve interconnecting said 
annular recess and said fuel source, said plunger inlet 
opening being cyclically connected with said sleeve re 
cesses and sealed therefrom as the plunger is rotated and 
longitudinally moved in response to rotation of said 
shaft, a stationary valve seat having an opening there 
through communicating with said pump chamber, a spring 
biased ball in said valve seat and normally closing the 
opening therethrough, an annular recess in the periphery. 
of Said plunger, stationary passages connecting the dis 
charge side of said valve seat with the annular recess 
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in the plunger, and a longitudinally extending peripheral 
discharge slot in said plunger communicating with the 
annular recess therein, and a plurality of stationary dis 
charge passages circumferentially spaced about said 
plunger and indexed with said discharge slot as the 
plunger rotates. - 
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14. An injection pump comprising: a casing having a 
bore therein; a plunger in said bore freely movable Ion 
gitudinally and rotatably of the casing: a pump chamber 
in said bore at the interior end of the plunger into which 
the plunger is moved in its working stroke; means on 
said pump for reciprocating and rotating said plunger to 
effect delivery of fluid from said chamber; a sleeve about 
said plunger having a bore therethrough within which 
the plunger is freely rotatably and longitudinally mov 
able; an annular recess in the bore of said sleeve; an 
inlet opening in said sleeve extending from said annular 
recess to the exterior of said sleeve; an axially extending 
recess in the bore of said sleeve communicating with 
said annular recess; and an inlet passage within said 
plunger communicating with said pump chamber and 
extending to an inlet opening in the periphery of the 
plunger disposed at said sleeve so as to be in communi 
cation with said axial and annular recesses during por 
tions of the plunger's stroke and sealed by the bore of 
said sleeve during another portion of the stroke in which 
fuel delivery is effected, closing of the plunger inlet open 
ing by the bore of said sleeve upon said plunger inlet 
opening moving from registry with cite of said recesses 
trapping fluid within the pump chamber thereby initiating 
fluid delivery and communication of the plunger inlet 
opening with the other of said recesses relieving pump 
chamber pressure to terminate fluid delivery. 

15. The fuel injection pump set forth in claim 14 and 
further including adjusting mechanism for varying the 
beginning and ending of injection, said adjusting mecha 
nism comprising: means on said pump for rotating said 
sleeve relative to the casing to vary the point in the 
plunger's stroke at which the plunger inlet opening com 
municates with the axial recess; and means on said pump 
for moving said sleeve longitudinally of said plunger to 
vary the point in the plunger's stroke at which the plunger 
inlet opening communicates with said annular recess. 

16. An injection pump comprising: a casing having a 
bore therein, a plunger in said bore freely movable lon 
gitudinally and rotatably of the casing, a punp chamber 
in said bore at the interior end of the plunger into which 
the plunger is moved in its working stroke, means for 
reciprocating and rotating said plunger to effect delivery 
of fluid from said chamber, a source of fluid, means 
operable on rotation and longitudinal movement of said 
plunger to cyclically connect and disconnect said cham 
ber with said fluid supply source, said last mentioned 
means including a plunger bore in the interior end of 
said plunger having inlet and outlet openings communi 
cating with the periphery of the plunger and control 
means sealing and opening said plunger inlet opening, a 
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valve within said plunger bore and having a head pro 
viding the valve seal in a portion of said plunger bore 
of one diameter adjacent the interior end of the plunger, 
Said valve having a stem extending lengthwise of the 
bore and Sealing in a portion of said plunger bore of 
Smaller diameter than said one diameter, passage means 
connecting the inlet opening of the plunger bore with the 
pump chamber in free flowing fiuid communication, a 
discharge chamber about said valve stem communicating 
With said pump chamber when said valve is open, and the 
plunger outlet opening communicating with said dis 
charge chamber, and discharge passages in said casing 
leading from the casing bore to the exterior and succes 
sively indexed with said plunger outlet opening as the 
plunger rotates. 

17. An injection pump comprising a casing having a 
bore therein, a plunger in said bore freely movable lon 
gitudinally and rotatably of the casing, a pump chamber 
in said bore at the interior end of said plunger into which 
the plunger is moved in its working stroke, means on 
said pump for imparting reciprocating and rotating move 
ments to said plunger to effect delivery of fluid from 
said pump chamber, said plunger having inlet passage 
means establishing fluid communication between said 
ump chamber and the periphery of the plunger, a sleeve 

having a bore in which said plunger is freely movable 
both longitudinally and rotatively, said sleeve being ad 
justable relative to said casing rotatively about and lon 
gitudinally of said plunger, a plurality of circumferen 
tially spaced inlet sealing portions formed in said bore 
of said sleeve cyclically biocking said inlet passage means 
during longitudinal and rotating movements of said 
plunger, means on said pump for rotatively adjusting 
said sleeve relative to said casing and plunger, and means 
on said pump for adjusting said sleeve longitudinally of 
said casing and plunger, one of said rotative and longi 
tudinal adjustments of said sleeve changing the point on 
said working stroke at which said sealing portions block 
said inlet passage means to begin injection and the other 
of said rotative and longitudinal adjustments of said 
sleeve changing the point on said working stroke at which 
said sealing portions cease to block said inlet passage 
means to end injection. - - 

References Cited in the file of this patent 
UNITED STATES PATENTS 

2,519,733 Beard ----------------- Aug. 22, 1950 
2,544,561 Meyer ----------------- Mar. 6, 1951 
2,624,327 Hogeman --------------- Jan. 6, 1953 
2,810,376 Aldinger -------------- Oct. 22, 1957 


