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This invention relates to improvements in fuel
injection pumps for internal combustion engines
and particularly motor vehicle engines, and is
concerned with pumps having pressure-operated
delivery valves disposed in the pressure passage
leading to the injection nozzles.

According to this invention a delivery valve
is adjustable for the purpose that the injection
timing and the quantity injected can be altered
independently of any adjustment of the pump
piston; the valve being advantageously of the
slide variety and adjustable in such a manner
that .its initial position can be varied with re-
spect to the pump piston.

The invention will be described with reference
to the accompanying drawings. in which:

-~ Figure 1 is a central vertical section of a-

‘fuel injection pump fitted with an adjustable

valve;

. Figure 2 is a central vertical section of the
upper part of a pump fitted with a mod1ﬂed valve
arrangement;

Figure 3 is a view’ s1m11ar to the upper part of
Figure 1, but it shows another modlﬁed form of
piston valve;

Figure 4 is a cross section of the piston valve

. seen in Figure 3;

Figure 5 is a sectional elevatlon of the upper

. portion of a pump cylinder with a form of piston

differing from that seen in Figure 1;

[
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Above the pressure space™10 of the pump there
is a control member in the form of a small piston
valve 15 having at its upper end a screw threaded .
reduced pin 16 which is screwed through a nut
1T having peripheral projections.
is normally supported by its peripheral pro-
jections resting upon the upper .end or shoul-
der 20 of the valve  guide 21, and it will
be ‘apparent that the screwing of the pin 16
up or down in the nut #7 will alter the distance
between the bottom of the valve 15 and the top
of the piston 2. Any adjustment of the pin (6
in the nut 17 may be locked by tightening a lock-
nut 18. The nut device 11 serves as the lower
abutment for the valve loading spring 19 the up-
per end of Which presses against a shoulder in
the head piece 27 of the pump. The spring 19

__constantly tends to keep the peripheral projec-
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tions of the nut device 17 hard down upon the
shoulder 20.
Near its upper end, the slide valve I5 has an

annular groove 22 whxch coacts with a shoulder -~

23 formed by a recess 24 in.the valve guide 2I.

© Within this groove there are radial ports 25.

25

which open into' a longitudinal bore 26 of the
slide valve. A two-piece tubular abutment 28
is screwed into and locked in the head-piece 21
above the pin 16. This tubular abutment limits

" upward movement of the pin 16 and slide valve

30

Figure 6 is a central vertical section, similar

to Fig. 1, illustrating a modified arrangement for
varying the common adjustment of the valves
.of a plurality of sidé-by-side pumps; and
Figure 7 is a horizontal cross-sectional view
along the line T—1 of Fig. 6.
" Referring to. Figure 1, a pump piston. 2 is
guided in a cylinder or housing | and is pressed
" downwardly by a spring 3 which operates to
maintain contact between the stem of the pis-
. ton 2 and a cam 4. The upper end 2’ of the pis-
ton has an inclined controlling edge § extend-
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ing between one side edge of a longitudinal greove .

6 and the top-wall of an annular groove 1 formed
in the piston. 'The latter can be rotatably ad-

justed by means of teeth 8 engaging with suit-

45

able operating means in a known manner, and -

suéh means can be locked in any adjusted posi-
tion by the locking device 8, also known per se.
A fuel supply passage i1 opens into the pres-
sure space {0 above the piston 2, and an outlet
" or overflow passage 12 in & spigot 13 also opens
into this space, The spigots 13 of several side-
by-side pumps may ke connected to a common
‘discharge pipe 14,

50

.from the passage |1,

I8, and its bore 29 opens into the duct for con-
veying the pressure delivery to an injection noz-
zle. -As seen in the drawings, the top of the pin
16 and the bottom of the tubular abutment 28 -

are notched or slotted, to prevent cutting off of - :

the delivery when the pin 16 comes against the
abutment 28.

The  operation is as follows: Upon descent
of the piston 2 fuel is drawn into the space 10
At the commencement of
its following upward movement, the piston 2 dis-
places liquid from the space 10 through the pas-
sage 12 and into the overflow pipe (4. The upper
edge 2’ of the piston then cuts off the passage 12
and also the supply port {1, unless this latter cut-
off ‘has already happened previously. Purther,
upward movement of the piston 2 then puts un-
der pressure the liquid fuel enclosed in the space
10 until the pressure acting upon the piston slide
valve 15 overcomes the downward effort of the
spring 19.. When this occurs, the valve {5 with
its nut devices IT and I8 rises until the upper
edge of the annular groove 22 is clear nf the
shoulder 28. At this instant, the liquid fuel in .
the space /0, bore 26 and gi0ove 22 escape into
the space’ 24 and, passing over the nuts 17, 18

The nut 11 .
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and through the spring 19, flows through the
bore 29 to the injection nozzle (not shown).
This pressure flow will be interrupted at the in-
stant that the controlling edge 5 of the piston
2 rises above and uncovers the outlet {2, there-
by-opening communication between the space 10
and the outlet 12 by way of the longitudinal
groove 6. As only slight pressure exists in the
passage 12, the remaining liquid fuel under pres-
sure in the space [0 escapes through the passage
12, the pressure is relieved and the spring 19
is able to depress the piston valve 15 to 1ts orig-
inal position shown in Figure 1.

It will be apparent from Figure 1 that the
end of the injection period is determined by the
instant at which the controlling edge 5 uncov-
ers the orifice of the passage §2. Also, it will
be apparent that the injection period can be
varied by adjusting the valve up or down by
means of its screw adjustment. One effect of
this adjustment is to vary the capacity of the
space 10, the quantity of fuel drawn in by the
-pump piston being in accordance with the ca-
pacity of the space above the passages |1 and 12.
Another effect is to vary the instant of injec-
tion, for if the valve 15 be adjusted to a deeper
position, for example, the path traversed by the
valve 15 before the annular groove 22 is uncov-
ered at the shoulder 23 is increased, thereby re-
tarding the instant of release of the fuel impris-
oned in the space 10,

If desired, and as-illustrated in Figure 2, the
nut device 1T of Figure 1, may be formed with
an unbroken annular flange 1Ta - adapted for

seating upon the shoulder 20 in the manner of 3:

a disc valve, The closure thus effected prevents

‘ ~ the surging back over the valve 15 of a rather

large column of liquid fuel.
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effected by throtiling fuel inflow af the passage
11, for example by a slide valve device (not
shown), then the possibility of adjusting the
commencement of delivery by the valve is par-
ticularly advantageous. ‘The reason for this is
that it may be very difficult to produce the slide
valve devices referred to with great accuracy
for prescribed throttling and so that each has
the same form and controlling effect as another.

Figure 5 shows a different embodiment of the
pump piston formed with an inclined edge 2%/
for controlling the beginning of the injection,
commencement of injection at partial load being
later than at full load.

In the examples illustrated, the piston valves
{5 are of the same diameter as their respective
pump pistons 2. But they may be larger or
smaller diameter than the pump pistons for ob-
taining an hydraulic transmission.

In the form of -invention illustrated in Flgs 6
and 7, an arrangement is provided whereby the
control members of a plurality of pumps may be
simultaneously adjusted. The construction of
the pumps as a whole is somewhat similar to that
previously described in Fig, 1, but in this case the
pump housing | surrounds the upper part of the
pump which contains the control valve 15 for the
control of the delivery conduit, although a simi-
lar construction as in Fig. 1 could be used. In
this case a nut. 17’ serves as the adjustable abut-
ment for the control valve 15, which, by means

" of outer teeth-like projections 33 engages groove

In place of .the annular groove 22, the valve :

i5, as shown in Figures 3 and 4, may be formed
with transverse or radial ports 30, 31 and 32.
" These ports are arranged in stepwise fashion and
so that there is no dead space between any port
and the next above or below. The radial direc-
tion of the ports 30, 31, 32 in relation to each
other is immaterial. Preferably, the highest port
30 has the smallest diameter, the next below
being made larger and the next still larger.
When quite small quantities are to be delivered,
the smallest port 30 serves for the passing of
such quantity into the space 24, the slide valve
i5 being raised only sufficiently for the uncov-
ering of this port. Upon descent of the valve,
only a slight relief of pressure in the delivery
passage occurs, For larger deliveries, the slide
valve 15 must have a greater rise so as to un-
cover the next port 31, or the ports 3i and 32.
Upon descent of the slide valve (5, a larger
relief of pressure in the delivery passage is ef-
fected, as is desirable.. By the arrangement of
the ports 30, 31 and 32 without any interven-
ing dead space as aforesaid, that is to say, so
that as the uncovering of one port is concluded
the uncovering of the next port commences, the

enlargement or reduction of the delivery pas-:

sage during ascent or descent of the valve 15
takes place according to a quadratic law. Thus,
the relief of pressure in the delivery passage dur-
ing descent of the valve 15 is less at partial load-
ing, when smaller quantities are delivered per
stroke, than at full load.

If the pump piston has a straight controlling
edge 2’ governing the commencement of delivery,
as explained. with reference to Figure 1 for ex-
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ample, and if control of the quantity delivered is 75

34 of a bushing 35 and is longitudinally shiftable
therein. - The bushing 35 is rotatably journaled
in the housing | and, for its part, is provided with
external feeth 36 which engage corresponding
teeth 37 of a rack 38. The rack 38 is positioned
on one side of the housing and is shiftably jour-
naled in a bore of the housing, transverse to the
individual pump cylinders, as is clearly shown in
Fig. 7. The rack 38 is-sealed on the outside by
a packing 39. -Additional packing 40 is provided
between the bushing 35 on the housing or the
threaded insertion 27°. In order to prevent ro-
tation of the control valve in the housing, the
latter is provided with a longitudinal groove 41
into which a pin 42 is inserted.

Upon a shifting of the rack 38, it will be clear -
that the bushings of the individual cylinders will
be rotated about their axes, whereby the control
valve 15, since it is prevented from rotating, will
be shifted in the axial direction, one way or an-
other. As a result of this adjustment, the dis-
tance z of the upper edge of the groove 22 of the
contrcl member from ‘the shoulder 23 of the -

_housing is changed, and alsc the stroke of the

control member,

Instead of using a rack 38, it will appear equal-
ly obvious to those skilled in this art that a suit-
able worm could also be used.

While we have herein shown and described
only certain-embodiments of certain features of
our present invention, it is to be understod that
they are to be regarded merely as illustrative
and that wedo not intend to limit ourselves
thereto except as may be required by the claims
which follow:

What we claim as-our invention and desire to
protect by Letters Patent is:

1. A fuel injection pump having a pump hous-
ing provided with a cylinder space including a
pump chamber, and a pump bpiston reciprocal
within said cylinder space, a delivery conduit, a
slidable control member intermediate said pump
chamber and said delivery conduit, having a
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passage adapted to connect the pump chamber
with the delivery conduit and which is opened or
closed dependent upon the position of said con-
~trol member, said control member being -sub-
jected to and movabie in accordance with the
pressure produced in said pump chamber in such
a manner that it substantially follows the recip-
rocal movement of said piston to open and close
said passage, and means for varying the initial
setting of said control member relatively to said
piston to vary the time of opening and closing

said passage relatively to the position of saxd

piston.

2. The combination according to claim 1, in
which said last means includes an adjustable
abutment oh said control member.

.~ 3. The combination according to claim 1, in

which the passage in said control member has a
" mouth on the outer side of the latter, which is’

opened and closed by the edge of said delivery

conduit.

4. The combination accordlng to claim 1, in

which said control member is in the form of an
axially shiftable piston whose one end face is
subjected to the pressure within the pump cham-
ber and ‘whose other end face is subJected to the
pressure in the delivery conduit.

5. The combination according to eclaim 1, in
which said - setting means includes a threaded

extension on said control member and a nut-like"

abutment threaded on said. extension, in com-

3

jects into a space forming part of said delivery o
- conduit.

10. The combina*ion according to claim 7, 1n )

" which said control member is positioned axially

10
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to said pump piston and the end face of said -
control member opposite said. pump  chamber
projects into a space forming part of said de-
livery conduit, and in . which said abutment‘
means are positioned in this space.

11. The combination according to claim 7, in
which said controlling edge on "said control
member is formed by 'a ring-like" depression
about said control member, near said delivery
conduit, and said control member is provided
with a passage connecting said ring-like de-
pression with said pump chamber. o
© 12. The combination according to claim 7, in
combination with resilient loading means bias-
ing said control member toward said pump. pis-
ton,

'13. The combmatlon according to claim 7, in

. which said control. member is provided ‘with a

25
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bination with spring means urgmg said abut- :

ment toward said. pump chamber. -

6. The combination accordmg to clalm 1; in
which $aid sefting means includes a threaded
extension on said control member and a nut-like
abutment threaded on said extension, in combi-
_nation with spring means urging said abutment
against one end of said cylinder space, said abut—

ment being provided with an opening to permit’

flow of fuel from .said passage to said. dehvery
~conduit when said abutment rests agamst the
end of said cylinder space.

7. A fuel injection pump having a’ pump hous-
ing provided with a cylinder space including a
pump chamber, and a piston reciprocal within
sald cylinder spgce, a delivery conduit, a piston-
shaped control member shiftable in said pump
housing, positioned intermediate said pump
chamber and said delivery conduit so that one
. ‘end face is subjected to the pressure within said
pump chamber and the other:end face to the
pressure within said delivery conduit, whereby
said control member follows the reciprocal. mo-

tion of said pump piston during the suction and

delivery stroke thereof, said control member be-
ing provided with g controlling edge cooperating
with the edge of said delivery conduit for making
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threaded extension, and said abutment means is
a nut threadable upon said extension.:

~14. The. combination according to claim 7, in
which said control member is provided with a
threaded extension, and said abutment means is
a nut threadable upon said extensmn, in com-
bination. with .a spring pressing against said
abutment to urge said control member in one
direction to the limit of its rhotion.
. 15, The combination according to claim 1, in
which ‘said setting means includes a threaded ex-
teusion on ‘said control member and a nut-like

.abutment threaded on said extension, and spring-

means urging said- abutment against the. ‘end. of"
said cylinder space, said abutment being formed
as a disc valve closing, communication between
said passageiand said dehvery conduit when said :
abutment rests against the end of said cvlmder

.- space.

16.- A fuel injection pump Laving a pump hous-
ing provided with & cylinder space including a
pump chamber,” and: a piston reciprocal within
said cylinder space, a delivery conduit, a piston-
shaped control member: shiftable in said pump
housing, . positioned intermediate said pump

- chamber and said delivery condult so that one.

end face is subjected.to the pressure within said’
chamber and the other to the pressure within
said delivery conduit, whereby said control mem-

- ber follows the reciprocal moticn of sald pump

‘pisten during the suction and. delivery stroke

thereof, said control member being providéd with
a plurality cf axially spaced, radially extending
canals cooperating with the edge of said delivery .

" conduit for making or breaking communication

or breaking communication between said pump -

chamber and celivery conduit upon movemerit of
said. control member, and adjustable abutment
means on said control' member for limiting the
motion of said control member during the suction

stroke of the pump piston after the connection
between said pump chamber and’ delivery cond.ut )
" has been interrupted.

8. The.combination according to claim 7, in
which said control member is provided with a
passage communicating with said. pump cham-
ber and having a mouth dlschargmg laterally at
said .control - edge.

60

between said pump chamber and delivery conduit

. upon movement of said control member, and

abutment means on said control member for lim- -
iting the motion of said control member during

" the suction stroke of the pump piston after the

.conneetion between said pump chamber _ and

~ delivery conduit has been interrupted.

70

17, A fuel injection pump having a pump hous-
ing provided with a cylinder space including a
pump chamber, and a pump piston: remprocal
within sald .cylinder space, a delivery conduit, a
slidable control member intermediate said pump
chamber and said delivery conduit, having & pas-

- sage communicating with said pump chamber at

9. The combination accordlng to-claim 7, in -

which said control member is positioned axially
to said pump piston and the end face of said con-
trol member opposite said pump chamber pro-

75

one end and with a plurality of axially displaced
canals at the other end, which cogperate with the
edge of said delivery conduit to open one after
the other upon movement of said control mem-
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ber during the delivery stroke of said pump pis-
ton to connect the pump chamber with the de-
livery conduit, said control member being sub-
jected to.and movable in accordance with the
pressure produced in said pump chamber in such
a manner that it substantially follows the recip-
rocal movement of said piston.

18. The combination dccording to claim 17, in
combination with means for varying the initial
setting of said control member relatively to said
piston to vary the time of opening and closing
said canal.

19. A fuel injection pump having a pump hous-
ing provided with a cylinder space including a
pump  chamber, and a piston. reciprocal within
said cylinder space, a delivery conduit, a piston-
shaped - control member shiftable in said pump
housing, positioned intermediate said pump
chamber and said delivery conduit so that one
end face is subjected to the pressure within said
pump chamber and the other to the pressure
within said delivery conduit, whereby: said con-
trol member follows the reciprocal motion of
said pump piston during the suction and delivery
stroke thereof, said control member being pro-
vided with a plurality of canals so arranged in
cooperation with the edge of said delivery con-
duit as to produce an increasingly larger opening
between said pump chamber and said delivery
conduit upon movement of said pump piston and
control member during the delivery stroke of said
pump piston.

20. The combination according to claim 19,
in combination with abutment means on said

control member for limiting the movement of

said control member during the suction' stroke
of said pump piston, and means for axially shift-
ing said abutment means relatively to said con~

- trol member.

21. The combination according to claim 7, in
which said pump is provided with a fuel conduit
controlled by said pump piston, and. said pump
piston is provided with an oblique controlling
edge for opening and c¢losing said fuel conduit
relatively to said pump chamber, in combination
with means for rotating said pump piston for
changing the relationship of said oblique con-
trolling edge to said fuel conduit to vary the rela-
tive time at which said fuel conduit is connected
to the pump chamber.

22. The combination according to claim 1, in
which said pump comprises a plurality of cylin-
der spaces, pump chambers, pump pistons and
control members, in combination with common
means for simultaneously controlling said setting
means. . : :

23. The combination according to claim 7, in
which said pump is provided with an overflow
conduit controlled by said pump piston, and said
pump piston. is provided with an oblique con-
‘trolling edge for opening and closing said over-
flow conduit relatively to said pump chamber, in
combination with means for rotating said pump

piston for changing the relationship of said .
-85.

oblique controlling edge to said overflow conduit
to vary the relative time at which said overflow
conduit is connected to the pump chamber.

24, A fuel injection pump having a pump hous-
ing provided with a cylinder space including a
pump chamber, and a pump piston reciprocal

10
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the pump chamber with the delivery conduit,
which passage Is opened or closed dependent
upon -the position of said control member, said
control member being subjected to and movable
in accordance with the pressure produced in said
pump chamber in such a manner that it sub-
stanticlly follows the reciprocal movement of said
piston to open and close said passage, and means
for varying the initial setting of said control
member relatively to said piston to vary the time
of opening and closing said passage relatively to
the position of said piston.

25, A fuel injection pump having a pump hous-
ing provided with a cylinder space including &
pump chamber, and a piston reciprocal within
said cylinder space, a delivery conduit, a piston-
shaped control member slidable relatively -to
said pump housing, positioned intermediate said
pump chamber and said delivery conduit so that
one end face is subjected to the pressure within
sald ‘chamber and -the other to the pressure
within said delivery conduit,” whereby said con-
trol member follows the reciprocal motion of
said pump piston during the suction and -deliv-
ery strokes thereof, one of said relatively slid-
able parts being provided with a plurality of
axially Spaced canals having radially extending
mouths opened or closed by movement of said
control member for making or breaking com-
munication between said pump chamber and de-
livery conduit, and abutment means on said con-
trol member for limiting the motion of said con-
trol member. during the suction stroke of the
pump piston. after the connection between said
pump chamber and delivery conduit has been
interrupted.

26. A fuel injection pump having a pump hous-

_ing provided with a cylinder space including. a

pump chamber, and a pump piston- reciprocal
within said cylinder space, a delivery conduit, a
control member slidable relatively to said pump
housing, intermediate said pump chamber and

 said delivery conduit, one of said relatively slid-
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able parts' having at least onée passage com-
municating with said pump chamber at one end
and a plurality of axially displaced mouths at
the other end, controlled by said control mem-
ber to open one after the other upon movement
of said control member during the delivery stroke
of said pump piston to connect the pump cham-
ber with the delivery conduif, said control mem-
ber being subjected to and movable in accord- -
ance with the pressure produced in said pump
chamber in such a manner that it substantially
follows the reciprocal movement of said piston.
27. A fuel injection pump having a pump hous-
ing provided with a cylinder space including a
pump chamber, and a piston reciprocal within
sald cylinder space, a- delivery conduit, & piston-
shaped control member slidable relatively to said
pump housing, positioned intermediate said
pump chamber and said delivery conduit, so that

. one end face is subjected to the pressure within

70

within said cylinder space, a delivery conduit, a *-

control member slidable relatively to said pump
housing, intermediate said pump chamber and
said delivery conduit, one of said relatively slid-
able parts having a passage adapted to connect

75

said pump chamber and the:other to the pres-
sure within said delivery conduit, whereby said
control member follows the reciprocal motion of
said pump piston during the suction and delivery
strokes thereof, one of said relatively slidable
parts being provided with a plurality of canals
having mouths controlled by movement of said
control member to produce. an increasingly
larger opening between said pump chamber and
said -delivery conduit upon movement -of said
pump piston and control member during the de-
livery stroke of said pump piston,
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28, A fuel injection pump having a pump hous-
ing provided with a cylinder space including a
pump chamber, and a pump piston reciprocal

within said eylinder space, a delivery conduit, a - -

piston-shaped control member directly positioned
and movable in said cylinder space, whose one

side is subjected directly to the pressure in said-
pump space and whose other side to the pressure :

in said delivery conduit, said control member be-
ing shiftable in said cylinder space by the pres-
sure in the pump space produced by the pump
‘ piston, ‘whereby it follows the suction and pres-
sure strokes of. the latter, said control ‘member

[=4]
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having a control edge for opening and closing the -
connection between said cylinder space and said
delivery conduit, and. an adjustable - abutment
member on said control member, cooperating
with said pump housing to limit the movement
of said control member during the suction stroke

of .said pump piston, after ‘the control edge has
closed the connection between said cylinder

" space and said delivery conduit.
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