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‘The present invention relates to injection pumps. 
It is conventional in injection pumps to provide a means 

for regulating the moment at which fuel is supplied to 
the engine cylinders. This regulating» means may be 
automatic and operates so as to start the delivery of 
fuel to the cylinders at earlier instance in the operating 
cycles thereof as the engine speed increases. 

However, with such injection pumps there is a dis 
advantage in that the changing of the moment when fuel 
supply begins for the several cylinders results in undesir 
able diminishing of the cross-sectional area of the pas 
sages through which the fuel flows into the pump and to 
the cylinders, so that the amount of fuel supplied by the 
injection pump to the cylinders is undesirably in?uenced. 

One of the objects of the present invention is to over 
come the above drawbacks by providing an injection 
pump wherein the cross-sections of the paths of ?ow of 
the fuel into the pump and to the engine cylinders remain 
unchanged even though adjustments are made in the 
moment when fuel supply begins. 

Another object of the present invention is to provide 
a structure composed of simple, rugged elements which 
operate reliably to accomplish this result. 
On the other hand, it may be desirable to change the 

amount of fuel delivered to the cylinders in a controlled 
manner. Thus, as was pointed out above, the moment 
when fuel delivery begins is automatically regulated as 
the speed of the engine changes. At the same time, the 
maximum amount of fuel which can be burned in a 
smoke-free manner by the engine also'depends upon the 
speed thereof. Therefore, it may also be desirable to 
regulate the maximum possible amount of fuel which can 
be delivered to the cylinder so that they never receive 
more fuel than can be burned in a smoke-free manner at. 
the particular speed of the engine, and it is an object 
of the present invention to control the cross-sections of 
the paths of flow of fuel into the pump and to the cylin 
ders in a manner which will not permit the cylinders to 
receive more fuel than can be burned in a smoke-free 
fashion at the particular speed of the engine. 

With the above objects in view, the present invention 
includes in an injection pump, a combined piston and 
distributing member which reciprocates and rotates dur 
ing operation of the pump. This member is hollow and 
is formed with a discharge passage through which fuel 
?ows during the pressure strokes of the combined pump 
and distributing member. The cam drive means coop 
crates with this member to reciprocate the same along 
its pressure and suction strokes while it rotates, and this 
cam drives means includes an adjustable, element which 
is turned about the axis of the combined piston and dis 
tributing member to adjust the moment when fuel delivery 
begins to the several cylinders. A sleeve surrounds and 
engages the outer surface of the combined piston and dis 
tributing member, and the latter reciprocates and rotates 
in this sleeve which is formed with a plurality of passages 
distributed about the axis of the member and forming 
parts of the paths of fuel ?ow into the pump and to the 

15 

25 

35 

40 

55 

60 

65 

70 

2,935,061 
Patented May 3, 1960 

2 
several cylinders. The discharge passage of the piston 
member communicates successively with the sleeve pas 
sages during operation of the pump. In accordance with 
the present invention this sleeve of the present invention 
is connected by a suitable means at least indirectly with 
the adjusting element of the cam drive to turn about the 
axis of the piston member when the adjusting element is 
turned to control the moment of fuel delivery to the sev 
eral cylinders. ' 
The novel features which are considered as character 

istic for the invention are set forth in particular in the 
appended claims. The invention itself, hwoever, both as 
to its construction and its method of operation, together 
with additional objects and advantages thereof, will be 
best understood from the following description of a 
specific embodiment when read in connection with the 
accompanying drawing, in which: 

Fig. 1 shows one possible embodiment of the invention 
in an axial sectional elevational view; and Figure 2 is a 
partial sectional view taken along line 11-11 of Figure 1, 
Viewed in direction of the arrows‘. 

Referring to the drawing, it will be seen that the injec 
tion pump includes a housing or housing member 1 in 
which a drive shaft 2 reciprocates and rotates. This drive 
shaft 2 is driven in a conventional manner by the engine 
itself. The drive shaft 2 forms part of a cam drive 
means which includes a cam ring 3 ?xed to the drive 
shaft 2 and located in the housing 1, and this cam ring 3 
is provided at its top and bottom faces, as viewed in the 
drawing, with wavy annular camming surfaces 4 and 5, 
respectively. Also, the drive shaft 2 has an upper 
hollow end portion 6 which serves to receive structure 
for connecting the combined pumping and distributing 
member 17 to the shaft 2 for‘reciprocatory and rotary 
movement therewith. The cam ring 3 rides along rollers 
8 which are respectively supported for rotation by shafts 
11 carried by the rings 9 and 10. These rings 9 and 16 
form part of the cam drive means, and the cooperation 
of the cam ring 3 with the rollers 8 of these rings causes 
the shaft 2 to reciprocate; In addition, the rings 9 and 
10 form adjusting elements of the cam drive. By turning 
these rings about the common axis of elements 2 and 17, 
the moment when fuel is supplied to the several cylinders 
of the engine can be regulated. For this purpose each of 
the rings 9 and 10 is provided, along part of the outer 
periphery, with axial teeth 12 which mesh with teeth 13 
of a piston 14 which extends tangentially with respect to 
the rings 9 and 10. The coil spring 15 engages the piston 
14, as best shown in Fig. 2, to urge the latter in one 
direction, and the piston 14 is urged, in a conventional 
manner, in the opposite direction by a liquid under pres 
sure and the pressure of this liquid varies with changes 
in the speed of the engine, so that in this way the elements 
9 and it) are automatically adjusted to automatical con 
trol the moment when fuel supply to several cylinders 
begins. ’ 

The end of the combined pumping and distributing 
.member 17 which extends into the open end 6 of the 
drive shaft 2 carries a cross pin 18 whose free ends are 
located in a pair of diametrically opposed recesses 19 of 
the shaft 2, respectively. A ring 20 is located in the end 
6 of the shaft 2 and engages the cross pin 18, while a 
snap ring 23 in an annular groove of the shaft 2 main 
tains the ring 20 in the position shown in the drawing 
so that the pin 18 cannot leave the recesses 19, and in 
this way the combined pumping and distributing member 
17 is connected to the shaft 2 for reciprocatory and 
rotary movement therewith. 
The pumping and distributing member 17 is axially 

bored so that it is in the form of a tube, and it carries in 
its interior an axially movable valve member 24 as well 
as a pin 25 which is pressed fluid-tightly into the interior 
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of the member 17 adjacent its bottom end, as viewed in 
the drawing. It will be noted that the pin 18 passes 
through a bore of the member 25. A coil spring 26 
presses at one end against the member~ 25 and at its 
opposite end against the valve member 24 to urge the 
latter to a closed position engaging a valve seat 28 in 
the form of an annular shoulder in the interior of the 
tubular member 17. Above this shoulder 28, as viewed 
in the drawing, the tubular member 17 is formed in its 
wall with inlet passages-29, and below the shoulder or 
seat 28 the member 17 is formed in its wall with a 
discharge passage 30 shown in dotted lines and extending 
from the interior to the exterior of the member 17. The 
number of inlet passages 29 is equal to the number of 
engine cylinders supplied by the injection pump. 
The housing 1 carries a pump body 32 in a bore of 

which the member 17 is partly guided. The member 17 
additionally extends through a cylindrical sleeve 34 in 
which the member 17 reciprocates and rotates, and the 
sleeve 34 is turnable in pump body 32. The sleeve 34 
is provided with a pair of diametrically opposed inlet 
passages 36 which communicate with an annular groove 
37 formed in the exterior surface of the sleeve 34. Fur 
thermore, this sleeve 34 is formed with a plurality of 
passages 38 equal in number to the number of cylinders 
of the engine and forming parts of the paths through 
which the fuel flows to the several cylinders. These pas~ 
sages 38 are distributed about the axis of member 17 
whose outer cylindrical surface is surrounded and slid 
ably engaged by the inner cylindrical surface of the 
sleeve 34. One of the passages 38 is shown in dotted 
lines in the drawing, and the discharge passage 30 of 
member 17 successively communicates with the several 
passages 38 during operation of the pump. 

In accordance with the present invention the sleeve 
34 of the present invention is interconnected by a suit— 
able means with the adjusting element 9 of the cam 
drive so that the sleeve 34 turns about the axis of mem 
ber 17 when the adjusting element 9 turns about this axis. 
This means in the illustrated example takes the form of 
a ?ange 41 provided at the bottom end of sleeve 34, as 
viewed in the drawing, and having outer projections 42. 
The annular adjusting means 9 has a portion formed 
with recesses 43 which respectively receive the projec 
tions 42 so that with the illustrated embodiment of the 
invention the sleeve 34 is connected by projections 42 
and recesses 43 directly with the ring 9 for turning 
movement therewith through the same angle. 
The pump body 32 is provided with a fuel inlet pas 

sage 44 having a pair of right-angle turning points there 
in, and at the second of these turning points, a throttling 
valve member 47 is located. This member 47 is axially 
shifted by an unillustrated conventional regulator so as 
to control the cross-section of the passage through which 
the fuel ?ows into the pump. The pump body 32 is 
furthermore provided with a number of discharge pas 
sage portions 48 equal in number to the number of cyl 
inders to the engine, and one of these passage portions 
48 is shown in dotted lines in the drawing. The several 
passage portions 48 are respectively in permanent com 
munication with the several passages 38 of the sleeve 34. 
The above-described injection pump operates in the 

following manner: 
During a. rotation of the drive shaft 2 the latter, as 

well as the combined pumping and distributing member 
17, reciprocate as many times as there are cylinders in 
the engine which is supplied by the pump. During the 
outward or suction strokes of member 17 the fuel is 
sucked into the working chamber of the pump through 
the inlet passage 44, the annular groove 37, the inlet 
passages 36, and the inlet passages 29, and during the 
inward or pressure strokes the increase in the pressure 
of the fuel in the working chamber of the pump causes 
the valve 24 to automatically open so that the fuel ?ows 
past this valve to the discharge passage 30 of member 17 
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4 
and from the latter through one of the passages 38 and 
passage portion 48 to a cylinder. 
When, as a result of a changing in the pressure of the 

liquid acting on the piston 14 due to a change in the 
speed of the engine the piston 14 shifts, then by co 
operation of the teeth 13 with the teeth 12 the adjusting 
elements 9 and 10 also turn and the turning of the upper 
adjusting element 9 is transmitted to the sleeve 34. As 
a result of the simultaneous turning of the sleeve 34 
with the ring 9, the operative relationship between inlet 
passages 29 and 36, on the one hand, and discharge 
passages 30 and 38, on the other hand, remains un 
changed, so that the adjustment of the moment when 
fuel supply begins will have no effect on the amount 
of fuel supplied. In other words, with the structure of 
the invention, there is no change in the cross-section 
of the path of fuel ?ow through the inlet and discharge 
passages of the sleeve 34 and piston 17. In order that 
there will be no change in the cross-section of the path of 
fuel ?ow at the outer surface of the sleeve 34, the latter 
is provided with the annular groove 37 which com 
municates with the inlet passages 36, and the outer ends 
of the discharge passages 38 of the sleeve 34 are ?ared 
outwardly so as to be enlarged, as shown in the drawing, 
and thus there will be no change in the cross-section 
of the path of fuel ?ow between discharge passages 38 
and the passage portion 48, respectively. In this way, 
the structure of the invention is capable of regulating the 
moment when fuel supply begins to the several cylinders 
without changing the cross-sections of the paths of fuel 
flow to the cylinders or to the pumping chamber, so that 
there, is no in?uence on the amount of fuel supplied. 

It will be understood that each of the elements de~ 
scribed above, or two or more together, may also ?nd a 
useful application in other types of injection pumps dif 
fering from the types described above. _ 

While the invention has been illustrated and described 
as embodiment in adjustable injection pumps, it is not 
intended to be limited to the details shown, since various 
modi?cations and structural changes may be made with 
out departing in any way from the spirit of the present 
invention. 

Without further analysis, the foregoing will so fully 
reveal the gist of the present invention that others can 
by applying current knowledge readily adapt it for vari 
ous applications without omitting features that, from the 
standpoint of prior art, fairly constitute essential charac 
teristics of the generic or specific aspects of this inven 
tion and, therefore, such adaptations should and are in 
tended to be comprehended within the meaning and range 
of equivalence of the following claims. ‘ 
What is claimed as new and desired to be secured by 

Letters Patent is: ' 

1. In an injection pump, in combination, a recipro 
cable and rotatable hollow pumping and distributing 
member formed with an inlet passage through which fuel 
?ows into the pump and with a discharge passage through 
which fuel flows to an enginecylinder when said member 
moves along a pressure stroke thereof; cam drive means 
cooperating with said member for axially reciprocating 
the same along its pressure and suction strokes during 
rotation of said member, said cam drive means including 
an adjusting element turnable about the axis of said mem 
ber for controlling the moment when fuel supply begins 
during each pressure stroke of said member; a sleeve sur 
rounding and engaging the outer surface of said member, 
the latter reciprocating and rotating in said sleeve and 
said'sleeve being formed with a passage forming a part 
of the path through which the fuel ?ows into the pump 
and with a plurality of passages equal in number to the 
number of engine cylinders and distributed about the axis 
of said member, and forming parts of the paths through 
which the fuel ?ows to the several cylinders of the engine, 
and said inlet and discharge passages of said member 
successively communicating with said sleeve passages; 
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and means operatively connecting said ,sleeve tosaid ad 
justing element of said cam drive means for turning move 
ment about the axis of said member when said adjusting 
element is turned about said axis. 

2. In an injection pump,’ in combination, a recipro- , 
cable and rotatable ‘hollow pumping and distributing ’ 
member formed with an inlet passage through which 
fuel flows into the pump and ‘with a discharge passage 
through which fuel flows to an engine cylinder when said 
member moves along a pressure stroke thereof; cam drive 
means cooperating with said member for axially recipro 
cating the same along its pressure and suction strokes 
during rotationof said member, said cam drive means 
including an ‘adjusting element turnable about the axis 
of said member for vcontrolling the moment when fuel 
supply begins during each pressure stroke of said mem 
ber; a sleeve surrounding and engaging the outer surface 
of said member, the latter reciprocating and rotating in 
said sleeve and said sleeve being formed with a passage 
forming a part of the path through which the fuel flows 
into the pump and with a plurality of passages equal in 
number to the number of engine cylinders and distributed 
about the axis of said member, and forming parts of the 
paths through which the fuel flows to the several cylin~ 
ders of the engine, and said inlet and discharge passages 
of said member successively communicating wth said 
sleeve passages; and means connecting said sleeve directly 
to said adjusting element for turning movement together 
therewith through the same angle about the axis of said 
member. 

3. In an injection pump, in combination, a reciprocable 
and rotatable hollow pumping and distributing member 
formed with an inlet passage thrcugh which fuel ?ows 
into the pump and with a discharge passage through 
which fuel ?ows to an engine cyl'nder when sa‘d member 
moves along a pressure stroke thereof; cam drive means 
cooperating with said member for axially reciprocating 
the same along its pressure and suction strokes. during 
rotation of said member, said cam drive means including 
an adjusting element turnable about the axis of said mem 
ber for controlling the moment when fuel supply begins 
during each pressure stroke of said member; a sleeve sur 
rounding and engaging the outer surface of said member, 
the latter reciprocating and rotating in said sleeve and 
said sleeve being formed with a passage forming a part 
of the path through which the fuel flows into the pump 
and with a plurality of passages equal in number to the 
number of engine cylinders and distributed about the axis 
of said member, and forming parts of the paths through 
which the fuel flows to the several cylinders of the engine, 
and said inlet and discharge passages of said member 
successively communicating with said sleeve passages, 
‘said sleeve having a plurality of projections and said ad 
justing element having a plurality of recesses respec 
tively receiving said projections, so that said projections 
and the portion of said adjusting element formed with 
said recesses form a means connecting said sleeve directly 
to said adjusting element for turning movement there 
with through the same angle about said axis of said pump 
ing and distributing member. 

4. In an injection pump, in combination, a tubular cy 
lindrical pumping and distributing member reciprocating 
along its axis and rotating about its axis during operation 
of the pump, said tubular member being formed with an 
inlet passage passing through its wall and through which 
fuel ?ows during the suction strokes of said member 
and with a discharge passage passing through its wall and 
through which fuel discharges during the pressure strokes 

.of said member; a cam ring ?xed to said member for 
reciprocatory and rotary movement therewith; a cylin 
drical sleeve surrounding and engaging the outer surface 
of said tubular member, the latter reciprocating and ro 
tating in said sleeve and said sleeve being formed with a 
passage forming a part of the path through which the 
fuel ?ows into the pump and with a plurality of passages 
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assent); 
distributed about the axis of said member, equal ‘in num 
ber to the number of engine cylinders, and forming parts 
of .the paths through which fuel ?ows to the engine cylin 
ders‘, ‘said inlet and discharge passages of said tubular 
member successively communicating with said passages 
of said sleeve during rotation of said tubular member; 
annular means coaxial with said member and cooperating 
with said cam ring for reciprocating said member during 
rotation thereof, said annular means being located ad 
jacent 'said sleeve; adjusting means cooperating with said 
annular means for changing the angular position thereof 
to control the moment at which fuel delivery to the several 
engine cylinders begins; and means operatively connecting 
said sleeve to' said annular means for turning movement 
about the axis of said .tubular member when said annu 
lar means is turned by said adjusting means. a 

5. In an injection pump for a multi-cylinder combus 
tion engine, in combination, a housing member formed 
with a bore and an inlet passage means through which 
fuel flows into the pump and a plurality of discharge pas 
sage means equal in number to the number of engine 
cylinders and distributed about the axis of said bore, said 
inlet passage means and said plurality of discharge passage 
means communicating with said bore; a hollow pumping 
and distributing piston arranged reciprocably and rotat 
ably in said bore and being formed with an inlet passage 
through which fuel ?ows into the pump when said inlet 
passage in said piston is at least partly aligned with said 
inlet passage means in said housing member and when 
said piston moves along a suction stroke and with a dis— 
charge passage through which fuel ?ows to an engine 
cylinder when said discharge passage in said piston is at 
least partly aligned with one of said discharge passage 
means in said housing member and when said piston moves 
along a suction stroke; cam drive means cooperating with 
said piston for axially reciprocating the same along its 
pressure and suction strokes during rotation of said pis 
ton, said cam drive means including an adjusting element 
turnable about said axis of said piston for controlling the 
moment when fuel supply begins during each pressure 
stroke of said piston; a sleeve member located in said bore 
coaxial with said piston and engaging with the inner 
surface thereof the outer surface of said piston and with 
the outer surface thereof the bore surface of said housing 
member, said sleeve member being formed with a ?rst 
passage means forming part of the path through which 
the fuel ?ows into the pump and with a plurality of sec 
ond passage means equal in number to the number of 
said plurality of discharge passage means in said housing 
member and distributed about the axis of said bore, and 
forming part of the path through which the fuel flows to 
the cylinders of the engine, said inlet and discharge pas 
sages of said piston successively communicating with said 
sleeve passage means, said sleeve passage means having 
at the inner surface of said sleeve member a cross-section 
substantially matching the cross-sections of said passages 
of said piston with which they respectively communicate 
and the passage means in one of said members having at 
the engaging surface of said members a passage portion 
extending in circumferential direction a greater distance 
than the passage means in the other of said members; and 
means operatively connecting said sleeve member to said 
adjusting element of said cam drive means for turning 
movement about said axis of said piston when said ad 
justing element is turned about said axis. 

6. In an injection pump, in combination, a reciprocable 
and rotatable hollow pumping and distributing member 
‘formed with an inlet passage through which fuel flows 
into the pump and with a discharge passage through which 
fuel ?ows to an engine cylinder when said member moves 
along a pressure stroke thereof; cam drive means co 
operating with said member for axially reciprocating the 
same along its pressure and suction strokes during rota 
tion of said member, said cam drive means including an 
adjusting element turnable about the axis of said member 
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for controlling the movement when fuel supply begins dur 
ing each pressure stroke of said member; a sleeve sur 
rounding and engaging the outer surface of said member, 
‘the latter reciprocating and rotating in said sleeve and 
said sleeve being formed with a passage forming a part 
of the path through which the fuel ?ows into the pump 
and with a plurality of passages equal in number to the 
number of engine cylinders and distributed about the axis 
of said member, and forming parts of the paths through 
which the fuel ?ows to the several cylinders of the en 
gine, and said inlet and discharge passages of said mem 
ber successively communicating with said sleeve passages, 
said passages in said sleeve having at the ends thereof 
directed toward said pumping and distributing member a 
cross-section substantially matching the cross-sections of 

10 

15 

'said inlet and discharge passages with which they re 
spectively communicate and said passages being widened 
at least in circumferential direction vat the other ends 
thereof; and means operatively connecting ‘said sleeve to 
said adjusting element of said cam drive means for turn 
ing movement about the axis of said member when said 
adjusting element is turned about said axis. 
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