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i4 Claims. (C. 123-40) 
The present invention relates to fuel Supply systems 

for internal combustion engines. 
More particularly, the present invention relates to the 

injection pump type of fuel supply system for internal 
combustion engines. 
With fuel supply systems of this type it is necessary, 

for efficient operation, to provide various controls. Thus, 
for starting purposes it is necessary that a relatively large 
amount of fuel be supplied by the injection pump to the 
engine while at idling speeds substantially less fuel is re 
quired to be delivered to the engine. Furthermore, con 
trols are necessary to regulate the fuel output of the in 
jection pump in the range from idling speed to maximum 
speed at full load, preferably in such a way that full 
smoke-free combustion takes place. Finally, controls 
are necessary to limit the maximum engine Speed in 
the event, for example, that there is a sudden decrease 
in the load. 
At the present time the controls required for the above 

purposes are extremely complex and require considerable 
skill on the part of the operator as well as alertness. 
One of the objects of the present invention is to provide 

a fuel supply system of the above type wherein all con 
trols, except the control which determines the idling 
speed of the engine, are fully automatic. 
Another object of the present invention is to provide 

a fuel supply system of the above type wherein the only 
manually operable structure is a throttle for the fuel 
supply, this throttle serving to determine the idling Speed. 
An additional object of the present invention is to 

provide a fuel supply system of the above type with an 
automatic control structure, as referred to above, which 
is capable in a fully automatic manner of regulating the 
fuel output of the injection pump to amounts which will 
provide total, smoke-free combustion in the Speed range 
from idling speed to maximum speed at full load. 

Still another object of the present invention is to pro 
vide a structure capable of accomplishing the above ob 
jects and at the same time being simple, rugged, compact 
and easily adjustable for providing optimum operation. 
With the above objects in view, the present invention 

includes, in a fuel supply system for internal combustion 
engines, an injection pump having a cylinder means Sup 
ported for axial movement and formed with a radial bore. 
An axially bored piston of the injection pump recipro 
cates in the cylinder means and has at all times a free 
end located therein, this piston being formed adjacent 
its free end with a radial bore passing from the interior 
to the exterior of the piston and communicating With the 
radial bore of the cylinder means during part of the stroke 
of the piston. A return-flow conduit means communi 
cates with the radial bore of the cylinder means to re 
turn fuel therefrom back to a fuel tank, and an engine 
driven pump means communicates with the fuel tank 
and with a supply conduit means for delivering fuel along 
the supply conduit means to the cylinder means at a 
pressure which increases and decreases with increases 
and decreases in the engine speed, respectively. A spring 
means cooperates with the cylinder means to maintain 
the latter at a rest position where its radial bore is most 
distant from the radial bore of the piston when the latter 
is at the end of its suction stroke, and in this rest position 
of the cylinder means the injection pump Will deliver 

5 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

the greatest amount of fuel to the engine. A pressure 
responsive means communicates with the Supply conduit 
means and cooperates with the cylinder means to move 
the latter in opposition to the spring means in a direc 
tion which locates the radial bore of the cylinder means 
closer to the radial bore of the piston, when the latter 
is at the end of its suction stroke, as the engine speed 
increases, so that the fuel output of the injection pump 
is automatically reduced as the engine Speed increases. 
In addition, a manually operable throttle means is located 
in the supply conduit means to control the flow of fuel 
therethrough, and this manually operable throttle means 
is located downstream of the connection of the pressure 
responsive means to the supply conduit means. This 
manually operable throttle means forms the sole struc 
ture which determines the idling speed of the engine, 
while the axially movable cylinder means forms the sole 
structure for determining the maximum engine Speed. 
The novel features which are considered as character 

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

FIG. 1 is a partly diagrammatic sectional elevation of 
one possible embodiment of a fuel Supply system accord 
ing to the present invention; and 
FIG. 2 diagrammatically illustrates the operation of the 

injection pump. 
Referring now to FIG. 1, there is shown therein an in 

jection pump housing , 2 which includes the lower part 
it and the upper part 2 fixed to the lower part i. The 
drive shaft 3 of the injection pump is guided for rotation 
by the lower wall of the housing, and this shaft 3 is 
driven in a known way from the engine. Within the 
hollow space 51 of the housing 1, 2 is located a cam 
disk 4 which is fixed rigidly to the shaft 3 for rotation 
therewith, as by being formed integrally therewith, for 
example. In the illustrated example the injection pump 
is designed to supply fuel to a four-cylinder engine, and 
therefore, the cam disk 4 is provided with four camming 
portions 5 equidistantly distributed angularly about the 
shaft 3. 
The injection pump includes a piston 7 which is axially 

bored throughout its entire length, as shown in FIG. 1, 
and it will be noted that the piston 7 is stepped so that 
the upper portion of the piston 7 is of smallest diameter, 
the intermediate portion is of intermediate diameter, 
and the lowermost portion, as viewed in FIG. , is of 
maximum diameter. This lowermost portion of the 
piston 7 forms the driven end thereof and takes the 
form of a flange 8 which for the greatest part of its 
thickness is located within a recess formed in the upper 
end face of the cam disk 4. Of course, the piston 7 is 
coaxial with the shaft 3. A washer 9 engages the fiange 
8 and also engages the bottom end of a coil spring 11 
which engages at its top end a thrust bearing 12 coaxial 
with the piston 7 and bearing against the housing part 
2. Four rollers 6 are supported for rotation within the 
housing 1, as indicated for two of the rollers in FIG. 1, 
and these rollers are equidistantly distributed about the 
shaft 3 and are engaged by the camming portions 5 of 
the disk 4. The spring i thus maintains the camming 
portions 5 at all times in engagement with the rollers 
6 whose axes of rotation, respectively, are stationary. A 
pin 13 is fixedly carried by the cam disk 4 and extends 
into a cutout formed in the flange 8 so that the piston 7 
is constrained to rotate with the shaft 3 and disk 4. Of 
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course, the piston 7 will also be constrained to reciprocate 
axially with the shaft 3 and cam disk 4. 
The intermediate portion of the piston 7 is guided 

for axial movement by : cylindrical guide 14 which is 
fixed to the housing part 2 in the interior thereof as by 
having a press fit therein. It will be noted that the piston 
7 extends completely through the cylindrical guide 14 
which remains stationary. The upper part of the piston 
7, which is of smallest diameter, extends slidably into 
a cylinder means 15 to reciprocate therein, and the free 
end of the axially bored piston 7 is located at all times 
within the cylinder means 15. The housing part 2 forms 
a means which supports the cylinder means 15 for axial 
movement. A plug 6 closes the interior of the piston 7 
at its end nearest the shaft 3, and this plug 16 is pressed 
against by one end of a spring 17 whose other end 
presses the non-return valve 18 upwardly, as viewed in 
FIG. 1, against a valve seat formed by a frustoconical 
shoulder in the interior of the piston 7. Thus, the Spring 
17 urges the valve 18 to its closed position engaging this 
valve seat. In its illustrated closed position, the valve 
18 separates the working or pumping chamber 19 of the 
injection pump from the pressure chamber 26 within the 
piston 7. The valve 18 is fixed at its end which is di 
rected toward the chamber 19 to a guide which is freely 
slidable within the piston 7 and which is formed with 
axial grooves providing free communication between the 
chambers 19 and 20 whenever the valve 18 is displaced 
from its seat. The piston 7 is formed with a radial bore 
2 communicating with the pressure chamber 20, and the 
guide cylinder 14 is formed with four radial bores 22 
with which the bore 21 successively communicates. Only 
one of the bores 22 is shown in the drawing for the sake 
of clarity. The housing part 2 is formed with a dis 
charge passage 23 communicating with each bore 22 and 
terminating in an outlet opening 24. A tube 25 is fluid 
tightly connected with each outlet 24 and communicates 
with an injection nozzle 26. These nozzles are located 
in a conventional manner in the engine communicating 
with the cylinders thereof to deliver fuel thereto. 
The piston 7 is also formed with four radial bores 27 

whose axes are located in a common plane normal to 
the axis of the piston 7, and these four radial bores 27 
are uniformly distributed about the axis of the piston. 
These bores 27 communicate successively with a supply 
conduit means formed in part by the radial bore 28 of 
the guide cylinder 14. Thus, the bores 27 successively 
communicate with the bore 23 of the supply conduit 
means which includes in addition to the bore 28, the 
bore 29 formed in the housing part 2 and forming an 
extension of the bore 23 and the tube 68 which is fluid 
tightly connected with the bore 29. A manually opera 
ble throttle means 30 is located in the supply conduit 
means to control the flow of fuel therefrom to the cham 
ber 9 which is located in part within the cylinder means 
15, and this manually operable throttle means 30 is in 
the form of a rotary valve member passing transversely 
across the bore 29 and formed with a bore which may 
be positioned coaxially with the bore 29 in the angular 
position of the valve 30 shown in solid lines in FIG. 1. 
Any suitable mechanical transmission is accessible to 
the operator and connected to the valve 39 to enable the 
operator to position the valve 30 at a selected angular position. 
A spring means 31 is provided to oppose axial move 

ment of the cylinder means 15 in a downward direction, 
as viewed in FIG. 1, and this spring means 31 takes the 
form of a coil spring which bears at its bottom end against 
the stationary guide cylinder 14. At its top end the 
spring 31 bears against a snap ring 32 located in a groove 
formed in the exterior of the cylinder means 15. The 
spring 31 yieldably maintains the cylinder means 15 in 
its rest position illustrated in FIG. 1 where a hollow cap 
member 33 threadedly connected to the cylinder 15 bears 
against a plug 34 threaded into the top end of the hous 
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4. 
ing part 2. This plug 34 closes a chamber 35 which Sur 
rounds the cylinder means 15 and which is formed with 
in the upper portion of the housing part 2. An adjusting 
screw 36 is threadedly carried by the plug 34, and a lock 
nut 37 is threadedly carried by the screw 36 for fixing 
the axial position thereof. An elongated pin 38 is pro 
vided at its bottom end with an enlarged head 39 which 
is cylindrical and which has a fluid-tight slidable fit 
within the cylinder means 15. This head 39 of the pin 
33 has a fit in the cylinder 55 which is as tight as possi 
ble while enabling the cylinder 15 to slide axially with 
respect to the head 39. This head 39 of the pin 38 pro 
vides the upper boundary of the pump chamber 19. At 
its end distant from its head 39 the pin 38 fixedly car 
ries a collar 41 which is located within a cutout formed 
in the screw 36. For example, the screw 36 may be 
formed at its bottom end with a T-slot which receives 
the collar 41 in the manner illustrated in FIG. 1, so that 
in this way the screw 36 may be turned for adjusting 
the axial position of the head 39. The cap 33 which is 
fixed to the cylinder 15 for movement therewith has at 
its top end, as viewed in FIG. 1, an annular wall engaged 
by the top end of a spring 42 which forms, as will be ap 
parent from the description below, an additional spring 
means for opposing axial movement of the cylinder 
means 15. The spring 42 presses at its bottom end, as 
viewed in FIG. 1, against a washer 43 located against 
the upper end, as viewed in FIG. 1, of the cylinder means 
15. The cylinder means 15 is formed with an inner 
shoulder 44, directed toward the washer 43 and engaged 
by a washer 45, and between the washers 43 and 45 is 
located an annular dished spring 46 which forms still 
another spring means opposing axial movement of the 
cylinder means i5, as will be apparent from the descrip 
tion which follows. 
The cap 33 forms together with the upper end of the 

cylinder 15 a pressure-responsive means which cooperates 
with the cylinder means 15 for moving the latter auto 
matically in response to pressure changes in the fuel 
within the supply conduit means 69, 29, 28, and for this 
purpose the housing part 2 is formed with a bore 47 
providing communication between the chamber 35 and 
the supply conduit means at a part thereof located up 
stream of the throttle means 30. The cap 33 is provided 
with an opening 48 which provides communication be 
tween the interior 33 of the cap 33 and the chamber 35. 
The cylinder means 15 separates the chamber 35 from 

a chamber 49 in the housing part 2 which receives the 
spring means 31. This chamber 49 forms part of a re 
turn-flow conduit means which serves to return fuel 
from a radial bore 52 formed in the cylinder means 15 
to a fuel tank 56 shown digrammatically at the bottom of 
FIG. 1. This return-flow conduit means includes, in 
addition to the chamber 49, a bore 50 formed in the 
housing part 2 and the chamber 51 formed by the housing 
part 1. In addition, the return-flow conduit means in 
cludes the tube 62 leading from the chamber 51 to the 
tank 56, and this tube 62 carries a non-return valve 63. 
The non-return valve 63 automatically opens in response 
to a relatively small increase in pressure and serves to 
prevent emptying of the chambers 49 and 51. 
The piston 7 is formed adjacent its upper free end, 

which is located at all times within the cylinder means 5, 
with at least one radial bore 54 communicating with an 
annular groove 53 formed in the exterior of the piston 7, 
and in this way the pump chamber 19 which extends 
between the head 39 of the pin 38 and the valve 8 
communicates at all times with the groove 53. During 
a part of the stroke of the piston 7 the groove 53 over 
laps the bore 52 so that during a part of the stroke of 
the piston 7 the radial bores 52 and 54 will communicate 
with each other, and of course at this time fuel will flow 
from the chamber 19 through the bores 54 and 52 back 
through the return-flow conduit means 49, 50, 51, 62 
to tank 56. 
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An engine-driven pump 57 communicates with the tank 
56 and through a filter 59 with the tube 69, so that in 
this way fuel is pumped from the tank 56 to the supply 
conduit means 60, 29, 28, and the engine-driven pump 
57 forms a means which supplies fuel along the supply 
conduit means at pressures which increase and decrease 
as the engine speed increases and decreases, respectively. 
A non-return valve 63 communicates through a suitable 
conduit with the discharge side of the pump 57 and 
with the conduit 62, and this valve 6i will open when 
a predetermined pressure is reached in the supply con 
duit means for directing the overflow fuel back to the 
tank 56. Upstream of the non-return overflow valve 61 
is located a throttle 6' which contributes to the main 
tenance in the supply conduit means 60, 29, 28 of a fuel 
pressure which is dependent upon the speed of operation 
of the pump 57 and thus upon the speed of the engine 
which drives the pump 57. - 
The above-described structure operates as follows: 
The piston 7 is shown in FIG. 1 at the end of its 

suction stroke. During further turning of the cam disk 
4 a pressure stroke of the piston 7 commences, and 
during the initial part of the pressure stroke the bore 27 
which communicates with the bore 28 turns away from 
the latter so that the piston now closes the bore 23 and 
thus the supply conduit means no longer communicates 
with the pump chamber 19. The instant that the bore 
28 is closed, the effective pressure stroke starts and con 
tinues until the bores 54 communicate through the groove 
53 with the bore 52. The fuel in the chamber 9 acts, 
during the effective pressure stroke of the piston 7, to 
open the valve 18 in opposition to the spring 20 so that 
the fuel flows at this time into the pressure chamber 20 
and from there through the bore 2 into one of the bores 
22 and then on through the passage 23 which communi 
case therewith and the conduit 25 to the injection nozzle 
26 of the particular cylinder. 
Of course, during the subsequent suction stroke of the 

piston 7 the next bore 27 will come into communication 
with the bore 28 so that the fuel will again have filled 
the chamber 19 by the time the piston 7 reaches the 
end of its suction stroke. 

During the portion of the pressure stroke of the piston 
7 subsequent to the instant when the bores 54 and 52. 
communicate with each other, the valve 8 closes and 
the fuel flows from the chamber 9 through the bores 
54 and 52 and the return-flow conduit means 49, 50, 51, 
62 back to the tank 56, the pressure of the fuel upstream 
of the valve 63 being sufficient to automatically open 
this valve at this time. In the rest position of the 
cylinder means 15 shown in FiG. 1 and in the solid 
line position of the throttle means 39 the fuel output 
of the injection pump of the invention is at a maximum. 
This maximum fuel output is necessary for starting the 
internal combustion engine. In the diagram of FIG. 2, 
the ordinate indicates the quantity of fuel delivered by 
the injection pump, and the total of the amounts indi 
cated at a, b and c is the amount of fuel delivered by 
the pump when the engine is started. 

Once the engine has started the pressure of the fuel 
delivered by the pump 57 increases and thus the pressure 
of the fuel within the chambers 35 and 33' increases, 
and the result is that the pressure-responsive means 
formed by the cap 33 and the top end of the cylinder 
15 acts in response to this increase in pressure to move 
the cylinder means 5 in opposition to the spring means 
31 downwardly, as viewed in FIG. 1. This movement 
takes place at this time only in opposition to the spring 
means 31 through the increment of movement a' which 
is the axial distance between the top face of the head 
39 and the washer 45. When the cylinder means 5 
has moved through the increment a', the washer 45 will 
engage the top face of the head 39 of the pin 38. As a 
result the fuel output of the injunction pump will be 
diminished by the amount a shown in FIG. 2. This 
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6 
decrease in fuel output is brought about by the fact that 
the radial bore 52 of the cylinder means 15 becomes 
located closer to the radial bores 54, so that the latter 
communicate with the bore 52 at an earlier part of the 
pressure stroke of the piston 7 than when the cylinder 
means 5 is in its rest position shown in F.G. 1, and 
thus less fuel is delivered from the chamber 20 to the 
engine cylinders. 

If it is desired to operate the engine at idling speed, 
the operator turns the throttle valve 38 so that its pas 
sage has approximately the inclined position shown in 
dotted lines in FIG. 1, and in this way the cross section 
of the bore 29 through which the fuel can flow is greatly 
reduced. The fuel output at this time is shown by the 
dot-dash line at the lower left portion of FIG. 2, and 
the idling speed is indicated at n along the abscissa of 
the diagram of FIG. 2. The throttle means 30 forms 
the only structure for determining the idling speed n1, and 
in fact the throttle means 30 is the only part of the struc 
ture of the invention which is operated manually. 

In order to increase the engine speed the throttle 
means 39 is again returned to the solid line position 
shown in FIG. 1. Insofar as the load on the engine per 
mits, the engine speed will increase to the highest en 
gine speed at full load indicated at no in FG, 2. Inas 
much as the pressure in the chambers 35 and 33' in 
creases during the increase in the engine speed from n1 
to n, the pressure-responsive means acts to displace the 
cylinder means 5 further in a downward direction, as 
viewed in FIG. 1, and during this time the cylinder 
means 5 will be displaced through a second increment 
b. During this second increment of movement b' the 
spring means 46 as well as the spring means 31 opposes 
the movement of the cylinder means 15. Thus, the 
shoulder 44 moves away from the washer 45 which re 
mains in engagement with the head 39 and at the end 
of the increment b' the spring 46 will be flat and will 
have its opposed faces parallel to and engaging the 
washers 45 and 43. Thus, the bore 52 will become lo 
cated closer to the bores 54 when the piston 7 is at the 
end of its suction stroke, and the fuel output will there 
fore be further reduced. This reduction will be by the 
amount indicated at b in FIG. 2. This reduction b 
serves to adapt the fuel supply to the engine cylinders 
to the largest amount of fuel which will provide full, 
smoke-free combustion in the engine cylinders. 

in the event that the load decreases so that the engine 
speed increases beyond the speed it2, there will be a 
further increase in the pressure within the chambers 35 
and 33, and now there will be a further action of the 
pressure-responsive means to displace the cylinder means 
S5 beyond the increments a' and b' in a downward direc 
tion, as viewed in FIG. 1, and the Spring means 42 acts 
only beyond the increment b to oppose the movement 
of the cylinder means 15. Thus, at this time the top 
end of the cylinder 15 will move downwardly away 
from the washer 43 while the washer 45 remains in en 
gagement with the head 39. Thus, the bore 52 will 
approach even closer to the bores 54 when the piston 7 
is at the end of its suction stroke, and therefore the fuel 
output will be further reduced along the range c indi 
cated in FIG. 2. At complete unloading of the engine, 
the engine can only reach the maximum engine speed n3 
indicated in FIG. 2. Thus, this limitation on the maxi 
mum engine speed is brought about by the movement of 
the cylinder means 15 in response to the increase in the 
pressure of the fuel delivered by the pump 57. 

It will be noted that with the above structure the spring 
means 3 acts during the entire movement of the cylin 
der means 15 to oppose movement thereof downwardly 
from its rest position shown in FIG. 1, and this spring 
means 31 is the only spring means which acts during the 
first increment of movement a'. The spring means 46 
acts only during the second increment of movement, and 
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the spring means 42 acts only when the cylinder means 
5 moves beyond the second increment of movement. 
Inasmuch as the forces with which the springs 31, 46 

and 42 urge the cylinder 15 back toward its rest position 
depends upon the pressure of the fuel delivered by the 
pump 57 and thus changes in accordance with changes 
in the engine speed, and inasmuch as the fuel output of 
the injection pump depends upon the effective pressure 
stroke of the piston 7, which is to say upon the axial 
position of the cylinder means 5, the coordinates of 
FIG. 2 may indicate the values shown in parentheses in 
FIG. 2. Thus, the abscissa may indicate the spring forces 
urging the cylinder means 5 back to its rest position 
shown by p, while the ordinate may indicate the extent of 
movement of the cylinder means 15 shown by the values. 
In this event the graduations of the ordinates increase in 
a downward direction and have a zero value at the maxi 
mum fuel output. 

It will thus be seen that the axially movable cylinder 
means of the invention performs the following functions: 

(a) In the range of speeds from the starting speed 
to idling speed of the engine, it decreases the fuel output 
of the injection pump by the amount required for starting the engine; 

(b) In the range from idling speed to the highest en 
gine speed at full load, it adapts with the fuel output to 
the engine cylinders to the largest amount which will pro 
vide full, smoke-free combustion; and 

(c) In the range of speeds higher than the highest 
speed at full load, it limits the maximum engine speed. 

It will be understood that each of the elements de 
scribed above, or two or more together, may also find a 
useful application in other types of fuel supply systems 
differing from the types described above. 
While the invention has been illustrated and described 

as embodied in injection pump type of fuel supply sys 
tems, it is not intended to be limited to the details shown, 
since various modifications and structural changes may 
be made without 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 a fuel supply system for internal combustion en 

gines, in combination, an injection pump having an axially 
bored piston and a cylinder means in which said piston 
reciprocates, said cylinder means and piston defining a 
pumping chamber from which fuel is pumped to the en 
gine and said piston having a free end located at all times 
in said cylinder and being formed adjacent said free end 
with at least one radial bore passing from the interior of 
said piston to the exterior surface thereof, said cylinder 
means being formed also with at least one radial bore 
with which said radial bore of said piston communicates 
during part of the stroke of said piston; means communi 
cating with said radial bore of said cylinder means for 
directing fuel therefrom back to a fuel tank; and means 
cooperating with said cylinder means for automatically 
regulating the axial position thereof only in accordance 
with the speed of the engine which is supplied with fuel 
by said injection pump so that the moment of communica 
tion between said radial bores will vary only with varia 
tions in engine speed, the axial positioning of said cylin 
der means being the sole control for the maximum speed of the engine. 

2. In a fuel supply system for internal combustion en 
gines, in combination, an injection pump having an ax 
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3 
ially bored piston and an axially movable cylinder 
means in which said piston reciprocates, said piston hav 
ing a free end located at all times in said cylinder 
means and formed adjacent said free end with a 
radial bore passing from the interior of said piston to 
the exterior surface thereof and said cylinder means 
being formed also with a radial bore passing therethrough 
and communicating with said radial bore of said piston 
during a part of the stroke thereof; supply conduit means 
communicating with said injection pump for supplying 
fuel thereto from a fuel tank; return flow conduit means 
communicating with said radial bore of said cylinder 
means for directing fuel therefrom back to said tank; 
manually operable throttle means cooperating with said 
supply conduit means for regulating the flow of fuel to said 
injection pump, said throttle means forming the sole struc 
ture for determining the idling speed of the engine; spring 
means urging said cylinder means in one direction; and 
automatic pressure-responsive means cooperating with said 
cylinder means and responding only to the pressure of 
fuel in said supply conduit means for automatically deter 
mining the axial position of said cylinder means in oppo 
sition to said spring means in accordance with the pres 
sure of the fuel in said supply conduit means so 
as to control the moment when said radial bores communi 
cate with each other, said automatic means being the sole 
structure for determining the maximum speed of the en 
gine. 

3. In a fuel supply system for internal combustion en 
gines, in combination, an injection pump having an ax 
ially bored piston and an axially movable cylinder means 
in which said piston reciprocates, said piston having a free 
end located at all times in said cylinder means and formed 
adjacent said free end with a radial bore passing from the 
interior of said piston to the exterior surface thereof and 
said cylinder means being formed also with a radial bore 
passing therethrough and communicating with said radial 
bore of said piston during a part of the stroke thereof; 
supply conduit means communicating with said injection 
pump for supplying fuel thereto from a fuel tank; means 
cooperating with said supply conduit means for maintain 
ing fuel therein at a pressure which varies directly with 
variations in engine speed; return flow conduit means com 
municating with said radial bore of said cylinder means for 
directing fuel therefrom back to said tank; manually op 
erable throttle means cooperating with said supply con 
duit means for regulating the flow of fuel to said injection 
pump, said throttle means forming the sole structure for 
determining the idling speed of the engine; spring means 
urging said cylinder means in one direction; and automatic 
pressure-responsive means cooperating with said cylinder 
means for automatically determining the axial position 
thereof in opposition to said spring means in accordance 
with the fuel pressure in said supply conduit means and 
therefore the speed of the engine so as to control the 
moment when said radial bores communicate with each 
other, said automatic means being the sole structure for 
determining the maximum speed of the engine, said auto 
matic means performing the following functions: 

(a) In the speed range from starting speed to idling 
speed, reducing the amount of fuel delivered to the en 
gine to the extent necessary for starting the engine; 

(b) In the speed range from idling speed to the highest 
speed at full load, regulating the amount of fuel de 
livered to the engine to the maximum amount which 
will burn with smoke-free full combustion; and 

(c) In the speed range higher than the maximum full 
load speed, limiting the maximum permissible en 
gine speed. 

4. In a fuel supply system for internal combustion en 
gines, in combination, an injection pump including an ax 
ially bored piston and means for reciprocating the same 
from one dead-center position at the end of its suction 
stroke axially along a pressure stroke to an opposed dead 



3,058,455 

center position and then back to said one dead-center po 
sition, said injection pump including an axially movable 
cylinder means in which said piston reciprocates, said pis 
ton having a free end located at all times in said cylinder 
means and being formed adjacent said free end with at 
least one radial bore, and said cylinder means also being 
formed with a radial bore which communicates with said 
radial bore of said piston during a part of the stroke 
thereof; a fuel tank; return-flow conduit means communi 
cating with said radial bore of said cylinder means and 
said tank for returning fuel from said radial bore of said 
cylinder means to said tank; supply conduit means com 
municating with the interior of said cylinder means for 
supplying fuel thereto; engine-driven pump means com 
municating with said tank and said supply conduit means 
for supplying fuel at pressures which vary proportionately 
with the engine speed along said supply conduit means to 
said cylinder means; spring means operatively connected 
to said cylinder means for urging the same to a rest posi 
tion where said radial bore thereof is at its greatest dis 
tance from said radial bore of said piston when the latter 
is at the end of its suction stroke so that fuel will not be 
returned to said tank until said radial bores communicate 
with each other, thus providing the largest supply of fuel 
to the engine when said cylinder means is in said rest posi 
tion thereof; and pressure-responsive means cooperating 
with said supply conduit means for urging said cylinder 
means from said rest position to positions where said ra 
dial bore of said cylinder means is located closer to said 
radial bore of said piston, when the latter is at the end of 
its suction stroke, as the engine speeds increase, so that 
with increasing engine speed the radial bore of said pis 
ton will communicate with the radial bore of said cylinder 
means at earlier moments during the pressure strokes of 
said piston to reduce automatically the fuel supply to the 
engine as the engine speed increases. 

5. In a fuel supply system for internal combustion 
engines, in combination, an injection pump including an 
axially bored piston and means for reciprocating the same 
from one dead-center position at the end of its suction 
stroke axially along a pressure stroke to an opposed 
dead-center position and then back to said one dead 
center position, said injection pump including an axially 
movable cylinder means in which said piston reciprocates, 
said piston having a free end located at all times in said 
cylinder means and being formed adjacent said free end 
with at least one radial bore, and said cylinder means 
also being formed with a radial bore which communicates 
with said radial bore of said piston during a part of the 
stroke thereof; a fuel tank; return-flow conduit means 
communicating with said radial bore of said cylinder 
means and said tank for returning fuel from said radial 
bore of said cylinder means to said tank; supply conduit 
means communicating with the interior of said cylinder 
means for supplying fuel thereto; engine-driven pump 
means communicating with said tank and said supply con 
duit means for supplying fuel at pressures which vary 
proportionately with the engine speed along said supply 
conduit means to said cylinder means; Spring means oper 
atively connected to said cylinder means for urging the 
same to a rest position where said radial bore thereof is 
at its greatest distance from said radial bore of said piston 
when the latter is at the end of its suction stroke so that 
fuel will not be returned to said tank until said radial 
bores communicate with each other, thus providing the 
largest supply of fuel to the engine when said cylinder 
means is in said rest position thereof; pressure-responsive 
means cooperating with said supply conduit means for 
urging said cylinder means from Said rest position to 
positions where said radial bore of said cylinder means 
is located closer to said radial bore of said piston, when 
the latter is at the end of its suction stroke, as the engine 
speeds increase, so that with increasing engine speed the 
radial bore of said piston will communicate with the radial 
bore of said cylinder means at earlier moments during 
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the pressure strokes of said piston to reduce automatically 
the fuel supply to the engine as the engine speed increases; 
and manually operable throttle means located in sai 
supply conduit means downstream of the place where sai 
pressure-responsive means communicates with said Supply 
conduit means, said throttle means regulating the flow of 
fuel to said cylinder means of said injection pump and 
said throttle means being the only manually operable 
structure of the entire fuel supply system. 

6. In an injection pump, in combination, cylinder 
means having a wall portion formed with a radial bore; 
support means Supporting said cylinder means for axial 
movement; an axially bored piston coaxial with and slid 
able within said cylinder means; means for reciprocating 
said piston along pressure and suction strokes, said piston 
having a free end located at all times in said cylinder 
means and said axial bore of said piston communicating 
at all times with the interior of said cylinder means, said 
piston being formed adjacent said free end thereof with 
a radial bore which communicates with said radial bore 
of said cylinder means during part of the stroke of said 
piston; a fuel tank; return-flow conduit means communi 
cating with said radial bore of said cylinder means and 
said tank for conveying fuel from said radial bore of said 
cylinder means back to said tank; first spring means co 
operating with said cylinder means for yieldably main 
taining the latter in a rest position where said radial bore 
thereof is at its maximum distance from said radial bore 
of said piston when the latter is at the end of its suction 
stroke; Supply conduit means communicating with the 
interior of said cylinder means for supplying fuel thereto; 
engine-driven pump means communicating with said tank 
and Supply conduit means for pumping fuel along said 
supply conduit means to said cylinder means at pressures 
which increase and decrease with an increase and a de 
crease in the engine Speed, respectively; pressure-respon 
sive means communicating with said supply conduit 
means and cooperating with said cylinder means for urg 
ing the latter in opposition to said first spring means in 
a direction locating said radial bore of said cylinder 
means closer to said radial bore of Said piston when the 
latter is at the end of its suction stroke, said first spring 
means forming the oily means opposing movement of 
said cylinder means in said direction from said rest posi 
tion thereof during a first increment of movement of said 
cylinder means; and second spring means cooperating 
with said cylinder means for opposing movement thereof 
in said direction only during a second increment of move 
ment of said cylinder means subsequent to said first in 
Crement. 

7. in an injection pump, in combination, cylinder 
means having a wall portion formed with a radial bore; 
support means supporting said cylinder means for axial 
movement; an axially bored piston coaxial with and slid 
able within said cylinder means; means for reciprocating 
said piston along pressure and Suction strokes, said piston 
having a free end located at all times in said cylinder 
lineans and said axial bore of said piston communicating 
at all times with the interior of said cylinder means, said 
piston being formed adjacent said free end thereof with 
a radial bore which communicates with said radial bore 
of said cylinder means during part of the stroke of said 
piston; a fuel tank; return-flow conduit means communi 
cating with said radial bore of said cylinder means and 
said tank for conveying fuel from said radial bore of said 
cylinder means back to said tank; first spring means co 
operating with said cylinder means for yieldably maintain 
ing the latter in a rest position where said radial bore 
thereof is at its maximum distance from said radial bore 
of said piston when the latter is at the end of its suction 
stroke; supply conduit means communicating with the 
interior of said cylinder means for supplying fuel thereto; 
engine-driven pump means communicating with said tank 
and Supply conduit means for pumping fuel along said 
Supply conduit means to said cylinder means at pres 
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sures which increase and decrease with an increase and 
a decrease in the engine speed, respectively; pressure-re 
sponsive means communicating with said supply conduit 
means and cooperating with said cylinder means for urg 
ing the latter in opposition to said first Spring means in a 
direction locating said radial bore of said cylinder means 
closer to said radial bore of said piston when the latter is 
at the end of its suction stroke, said first spring means 
forming the only means opposing movement of said cylin 
der means in said direction from said rest position thereof 
during a first increment of movement of said cylinder 
means; second spring means cooperating with said cylill 
der means for opposing movement thereof in said direc 
tion only during a second increment of movement of said 
cylinder means subsequent to said first increment; and 
third spring means cooperating with said cylinder means 
for opposing movement thereof in said direction only sub 
sequent to said second increment of movement of said 
cylinder means. 

8. In an injection pump, in combination, cylinder 
means having a wall portion formed with a radial bore; 
support means supporting said cylinder means for axial 
movement; an axially bored piston coaxial with and slid 
able within said cylinder means; means for reciprocating 
said piston along pressure and suction strokes, said piston 
having a free end located at all times in said cylinder 
means and said axial bore of said piston communicating 
at all times with the interior of said cylinder means, said 
piston being formed adjacent said free end thereof with a 
radial bore which communicates with said radial bore of 
said cylinder means during part of the stroke of said pis 
ton; a fuel tank; return-flow conduit means communicat 
ing with said radial bore of said cylinder means and said 
tank for conveying fuel from said radial bore of said 
cylinder means back to said tank; first spring means coop 
erating with said cylinder means for yieldably maintain 
ing the latter in a rest position where said radial bore 
thereof is at its maximum distance from said radial bore 
of said piston when the latter is at the end of its suction 
stroke; supply conduit means communicating with the 
interior of said cylinder means for supplying fuel there 
to; engine-driven pump means communicating with said 
tank and supply conduit means for pumping fuel along 
said supply conduit means to said cylinder means at pres 
sures which increase and decrease with an increase and a 
decrease in the engine speed, respectively; pressure-re 
sponsive means communicating with said supply conduit 
means and cooperating with said cylinder means for urg 
ing the latter in opposition to said first spring means in a 
direction locating said radial bore of said cylinder means 
closer to said radial bore of said piston when the latter is 
at the end of its suction stroke, said first spring means 
forming the only means opposing movement of said cylin 
der means in said direction from said rest position thereof 
during a first increment of movement of said cylinder 
means; and second spring means cooperating with said 
cylinder means for opposing movement thereof in said 
direction only during a second increment of movement 
of said cylinder means subsequent to said first incre 
ment, said first increment of movement of said cylinder 
means providing a reduction in the amount of fuel deliv 
ered by said injection pump to the engine in the speed 
range from starting to idling speed. 

9. In an injection pump, in combination, cylinder 
means having a wall portion formed with a radial bore; 
support means supporting said cylinder means for axial 
movement; an axially bored piston coaxial with and slid 
able within said cylinder means; means for reciprocating 
said piston along pressure and suction strokes, said piston 
having a free end located at all times in said cylinder 
means and said axial bore of said piston communicating 
at all times with the interior of said cylinder means, said 
piston being formed adjacent said free end thereof with a 
radial bore which communicates with said radial bore of 
said cylinder means during part of the stroke of said pis 

5 

O 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

12 
ton; a fuel tank; return-flow conduit means communicat 
ing with said radial bore of said cylinder means and said 
tank for conveying fuel from said radial bore of said 
cylinder means back to said tank; first spring means co 
operating with said cylinder means for yieldably maintain 
ing the latter in a rest position where said radial bore 
thereof is at its maximum distance from said radial bore 
of said piston when the latter is at the end of its suction 
stroke; supply conduit means communicating with the in 
terior of said cylinder means for supplying fuel thereto; 
engine-driven pump means communicating with said tank 
and supply conduit means for pumping fuel along said 
supply conduit means to said cylinder means at pressures 
which increase and decrease with an increase and a de 
crease in the engine speed, respectively; pressure-respon 
sive means communicating with said Supply conduit 
means and cooperating with said cylinder means for urg 
ing the latter in opposition to said first spring means in 
a direction locating said radial bore of said cylinder 
means closer to said radial bore of said piston when the 
later is at the end of its suction stroke, said first spring 
means forming the only means opposing movement of said 
cylinder means in said direction from said rest position 
thereof during a first increment of movement of Said 
cylinder means; and second spring means cooperating with 
said cylinder means for opposing movement thereof in 
said direction only during a second increment of move 
ment of said cylinder means subsequent to said first in 
crement, said first increment of movement of said cylinder 
means providing a reduction in the amount of fuel de 
livered by said injection pump to the engine in the speed 
range from starting to idling speed, and said Second in 
crement of movement of said cylinder means providing a 
reduction in the amount of fuel delivered to the engine in 
the speed range from idling speed to maximum speed at 
full load. 

10. In an injection pump, in combination, cylinder 
means having a wall portion formed with a radial bore; 
support means supporting said cylinder means for axial 
movement; an axially bored piston coaxial with and slid 
able within said cylinder means; means for reciprocating 
said piston along pressure and suction strokes, said piston 
having a free end located at all times in said cylinder 
means and said axial bore of said piston communicating 
at all times with the interior of said cylinder means, said 
piston being formed adjacent said free end thereof with 
a radial bore which communicates with said radial bore 
of said cylinder means during part of the stroke of said 
piston; a fuel tank; return-flow conduit means communi 
cating with said radial bore of said cylinder means and 
said tank for conveying fuel from said radial bore of said 
cylinder means back to said tank; first spring means co 
operating with said cylinder means for yieldably main 
taining the latter in a rest position where said radial bore 
thereof is at its maximum distance from said radial bore 
of said piston when the latter is at the end of its suction 
stroke; supply conduit means communicating with the 
interior of said cylinder means for supplying fuel there 
to; engine-driven pump means communicating with said 
tank and supply conduit means for pumping fuel along 
said supply conduit means to said cylinder means at pres 
Sures which increase and decrease with an increase and a 
decrease in the engine speed, respectively; pressure-re 
sponsive means communicating with said supply conduit 
means and cooperating with said cylinder means for urg 
ing the latter in opposition to said first spring means in a 
direction locating said radial bore of said cylinder means 
closer to said radial bore of said piston when the latter 
is at the end of its suction stroke, said first spring means 
forming the only means opposing movement of said cyl 
inder means in said direction from said rest position 
thereof during a first increment of movement of said cyl 
inder means; second spring means cooperating with said 
cylinder means for opposing movement thereof in said 
direction only during a second increment of movement of 
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said cylinder means subsequent to said first increment; 
and third spring means cooperating with said cylinder 
means for opposing movement thereof in said direction 
only subsequent to said second increment of movement of 
said cylinder means, said first increment of movement of 
Said cylinder means providing a reduction in the fuel 
output of the injection pump in the speed range from 
starting to idling speed, said second increment providing 
a reduction in the fuel output of the injection pump from 
iding speed to the maximum engine speed at full load, 
and movement of said cylinder means beyond said sec 
ond increment reducing the fuel output of the fuel pump 
in the Speed range from maximum speed at full load to 
the highest permissible engine speed. 

11. In an injection pump, in combination, cylinder 
means having a wall portion formed with a radial bore; 
Support means Supporting said cylinder means for axial 
movement; an axially bored piston coaxial with and slid 
able within said cylinder means; means for reciprocating 
Said piston along pressure and suction strokes, said piston 
having a free end located at all times in said cylinder 
means and said axial bore of said piston communicating 
at all times with the interior of said cylinder means, said 
piston being formed adjacent said free end thereof with 
a radial bore which communicates with said radial bore 
of said cyinder means during part of the stroke of said 
piston; a fuel tank; return-flow conduit means communi 
cating with said radial bore of said cylinder means and 
Said tank for conveying fuel from said radial bore of said 
cylinder means back to said tank; first Spring means co 
operating with said cylinder means for yieldably main 
taining the latter in a rest position where said radial bore 
thereof is at its maximum distance from said radial bore 
of said piston when the latter is at the end of its suction 
stroke; Supply conduit means communicating with the in 
terior of Said cylinder means for supplying fuel thereto; 
engine-driven pump means communicating with said tank 
and Supply conduit means for pumping fuel along said 
Supply conduit means to said cylinder means at pres 
Sures which increase and decrease with an increase and 
a decrease in the engine speed, respectively; preSSure-re 
Sponsive means communicating with said supply conduit 
means and cooperating with said cylinder means for urg 
ing the latter in opposition to said first spring means in 
a direction locating said radial bore of said cylinder means 
closer to said radial bore of said piston when the latter 
is at the end of its suction stroke, said first spring means 
forming the only means opposing movement of said cyl 
inder means in said direction from said rest position there 
of during a first increment of movement of said cylinder 
means; and second Spring means cooperating with said 
cylinder means for opposing movement thereof in said 
direction only during a second increment of movement of 
said cylinder means Subsequent to said first increment, 
said second spring means being operative only during said 
Second increment of movement of said cylinder means. 

12. In an injection pump, in combination, cylinder 
means having a wall portion formed with a radial bore; 
Support means Supporting said cylinder means for axial 
movement; an axially bored piston coaxial with and slide 
able within said cylinder means; means for reciprocating 
Said piston along pressure and suction strokes, said piston 
having a free end located at all times in said cylinder 
means and said axial bore of said piston communicating 
at all times with the interior of said cylinder means, said 
piston being formed adjacent said free end thereof with a 
radial bore which communicates with said radial bore of 
said cylinder means during part of the stroke of said 
piston; a fuel tank; return-flow conduit means communi 
cating with said radial bore of said cylinder means and 
said tank for conveying fuel from said radial bore of said 
cylinder means back to said tank; first spring means co 
operating with said cylinder means for yieldably maintain 
ing the latter in a rest position where said radial bore 
thereof is at its maximum distance from said radial bore 

10 

5 

20 

30 

35 

40 

50 

55 

60 

65 

70 

14 
of said piston when the latter is at the end of its suction 
stroke; supply conduit means communicating with the in 
terior of said cylinder means for supplying fuel thereto; 
engine-driven pump means communicating with said tank 
and supply conduit means for pumping fuel along said 
Supply conduit means to said cylinder means at pressures 
which increase and decrease with an increase and a de 
crease in the engine speed, respectively; pressure-respon 
sive means communicating with said supply conduit means 
and cooperating with said cylinder means for urging the 
latter in opposition to said first spring means in a direc 
tion locating said radial bore of said cylinder means 
closer to said radial bore of said piston when the latter is 
at the end of its suction stroke, said first spring means 
forming the only means opposing movement of said cyl 
inder means in said direction from said rest position there 
of during a first increment of movement of said cylinder 
means; second spring means cooperating with said cyl 
inder means for opposing movement thereof in said di 
rection only during a second increment of movement of 
said cylinder means subsequent to said first increment; and 
third spring means cooperating with said cylinder means 
for opposing movement thereof in said direction only sub 
sequent to said second increment of movement of said cyl 
inder means, said first spring means opposing movement 
of said cylinder means in said direction at all times and 
said second spring means opposing movement of said cyl 
inder means in Said direction only during said second in 
crement of movement thereof. 

13. In an injection pump, in combination, cylinder 
means having a wall portion formed with a radial bore; 
Support means supporting said cylinder means for axial 
movement; an axially bored piston coaxial with and slid 
able within said cylinder means; means for reciprocating 
said piston along pressure and suction strokes, said piston 
having a free end located at all times in said cylinder 
means and said axial bore of said piston communicating 
at all times with the interior of said cylinder means, said 
piston being formed adjacent said free end thereof with a 
radial bore which communicates with said radial bore of 
said cylinder means during part of the stroke of said pis 
ton; a fuel tank; return-flow conduit means communicat 
ing with said radial bore of said cylinder means and said 
tank for conveying fuel from said radial bore of said cyl 
inder means back to said tank; first spring means co 
operating with said cylinder means for yieldably maintain 
ing the latter in a rest position where said radial bore 
thereof is at its maximum distance from said radial bore 
of said piston when the latter is at the end of its suction 
stroke; supply conduit means communicating with the 
interior of said cylinder means for supplying fuel there 
to; engine-driven pump means communicating with said 
tank and supply conduit means for pumping fuel along 
Said supply conduit means to said cylinder means at pres 
Sures which increase and decrease with an increase and a 
decrease in the engine speed, respectively; pressure-re 
Sponsive means communicating with said supply conduit 
means and cooperating with said cylinder means for urg 
ing the latter in opposition to said first spring means in a 
direction locating said radial bore of said cylinder means 
closer to said radial bore of said piston when the latter is 
at the end of its suction stroke, said first spring means 
forming the only means opposing movement of said cyl 
inder means in said direction from said rest position there 
of during a first increment of movement of said cylinder 
means; second spring means cooperating with said cyl 
inder means for opposing movement thereof in said di 
rection only during a second increment of movement of 
said cylinder means subsequent to said first increment; 
and third spring means cooperating with said cylinder 
means for opposing movement thereof in said direction 
only subsequent to said second increment of movement 
of said cylinder means, said third spring means having no 
influence on the movement of said cylinder means during 
said first and second increments of movement thereof. 
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14. In an injection pump, in combination, cylinder 
means having a wall portion formed with a radial bore; 
support means supporting said cylinder means for axial 
movement; an axially bored piston coaxial with and slid 
able within said cylinder means; means for reciprocating 
said piston along pressure and suction strokes, said piston 
having a free end located at all times in said cylinder 
means and said axial bore of said piston communicating 
at all times with the interior of said cylinder means, said 
piston being formed adjacent said free end thereof with a 
radial bore which communicates with said radial bore of 
said cylinder means during part of the stroke of said 
piston; a fuel tank; return-flow conduit means communi 
cating with said radial bore of said cylinder means and 
said tank for conveying fuel from said radial bore of said 
cylinder means back to said tank; first spring means co 
operating with said cylinder means for yieidably maintain 
ing the latter in a rest position where said radial bore 
thereof is at its maximum distance from said radial bore 
of said piston when the latter is at the end of its suction 
stroke; supply conduit means communicating with the in 
terior of said cylinder means for supplying fuel thereto; 
engine-driven pump means communicating with said tank 
and supply conduit means for pumping fuel along said 
supply conduit means to said cylinder means at pressures 
which increase and decrease with an increase and a de 
crease in the engine speed, respectively; pressure-respon 
sive means communicating with said supply conduit means 
and cooperating with said cylinder means for urging the 
latter in opposition to said first spring means in a direc 
tion locating said radial bore of said cylinder means 
closer to said radial bore of said piston when the latter is 
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at the end of its suction stroke, said first spring means 
forming the only means opposing movement of said cyl 
inder means in said direction from said rest position there 
of during a first increment of movement of said cylinder 
means; second spring means cooperating with said cyl 
inder means for opposing movement thereof in said di 
rection only during a second increment of movement of 
said cylinder means subsequent to said first increment; and 
third spring means cooperating with said cylinder means 
for opposing movement thereof in said direction only sub 
sequent to said second increment of movement of said 
cylinder means, said first spring means acting at all times 
to oppose movement of said cylinder means from said 
rest position thereof in said direction and urging said cyl 
inder means back toward said rest position with an in 
creasing force as said cylinder means moves increasingly 
away from said rest position thereof, said second spring 
means acting only during said second increment of move 
ment to oppose movement of said cylinder means in said 
direction, and said third spring means being operative to 
oppose movement of said cylinder means in said direction 
only subsequent to said second increment of movement 
thereof. 
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