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ABSTRACT OF THE DISCLOSURE 
An installation for the control of the pre-injection by 

the use of an intermediate relief which is connected be 
tween an injection pump and an injection nozzle and 
which includes a control piston displaceable within a 
control cylinder in a ?rst direction by the supply impulse 
of the injection pump and returned to its rest position by 
means of a spring force and/or the fuel supply pressure, 
whereby the control cylinder is provided with a ?rst 
control port nearer its inlet which is in communication 
with the outlet leading to the nozzle and a second control 
port disposed axially behind the ?rst port and further 
removed from the inlet which is in operative connection 
with an intermediate relief aperture; the control piston 
itself forms within the end area adjacent the inlet a 
closure piston portion, adjoined by a control cross section 
through which extends a cross bore terminating inwardly 
with an axial bore providing a communication with the 
spring space of the cylinder, disposed opposite the inlet; 
the mutually facing control edges of the two ports are 
spaced from one another a distance which is only slightly 
smaller than the axial dimension of the control cross 
section adjoining the closure piston while the over-all 
length of the control piston is such that the control edge 
formed by the inlet end thereof opens up a communica 
tion between the inlet and the ?rst port shortly prior 
to abutment of the opposite end against an abutment in 
the spring space. The intermediate relief aperture may 
be connected either with a fuel storage space or with a 
fuel supply line or with a fuel return line. 

Background of the invention 
The present invention relates to an installation for the 

control of the pre~injection by an intermediate relief, 
especially for motor vehicle internal combustion engines 
of the injection type, which is alternately connected be 
tween an injection pump and an injection nozzle of the 
injection system. 
The German application D46,8ll2 Ia/46c2, ?led in the 

name of the assignee of the present application relates to 
an installation for the control of the pre-injection by 
intermediate relief, especially for motor vehicle internal 
combustion engines, which is connected between an in 
jection pump and an injection nozzle and includes a con 
trol piston displaced in one direction by a supply impulse 
of the injection pump and moved back by a spring 'force 
and/or fuel supply pressure, which control piston effects 
the intermediate release and whose one end is constructed 
as closure piston closing off a control cross section of a 
control cylinder connected with a lateral outlet to the 
nozzle during the intermediate relief. This type of in 
stallation which is described in the aforementioned Ger~ 
man application as its second embodiment has the ad 
vantage with respect to the installation described therein 
as the ?rst embodiment that the outlet to the injection 
nozzle is closed off during the intermediate relief so that 
with an excessive resistance that might eventually occur 
in the intermediate relief line, the injection nozzle can 
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2 
not open. However, an installation according to the sec 
ond embodiment of the aforementioned application re 
quires a large number of control cross sections and cross 
bores. 

Summary of the invention 

The present invention aims at reducing the expenditures 
for such a type of control installation by a reduction of 
the number of control cross sections at the control cylin~ 
der and at the control piston as well as the number of 
cross bores. The present invention achieves this purpose 
in that the closure piston is constituted by an inlet 
end region of the control piston which is adjoined by a 
control cross section of the control piston which, in turn, 
is operatively connected with a spring space of the con 
trol cylinder, disposed opposite the inlet side and contain 
ing a return-spring, by way of an axial control piston bore 
which terminates in a cross bore extending through the 
control cross section, in that the control cylinder is pro 
vided with two control cross sections disposed axially one 
behind the other, of which the control cross section closer 
to the inlet is operatively connected with the outlet to 
the injection nozzle and of which the control cross 
section opposite the inlet is operatively connected with an 
intermediate relief aperture, and in that mutually facing 
internal control edges of the two control cross sections 
have a spacing from one another which is only slightly 
smaller than the length of the control cross section ad 
joining the closure piston, while the over-all length of 
the control piston is so dimensioned that an inlet end of 
the control piston valves as control edge to open up a 
cylinder space on the inlet side with respect to the inlet 
control cross section shortly prior to the abutment of 
an end of the control piston opposite to the inlet against 
an abutment arranged in the spring space. It is thereby 
recommended according to the present invention that 
the intermediate relief aperture leads to a closed fuel 
storage space which temporarily receives the intermediate 
relief volume under pressure and releases the same after 
the injection, as described in the aforementioned German 
application. 

Accordingly, it is an object of the present invention to 
provide a control installation for the control of the pre 
injection, especially for motor vehicle internal combus 
tion engines, which effectively eliminates the shortcomings 
and drawbacks encountered in the prior art constructions. 
Another object of the present invention resides in the 

control installation for controlling the pre-injection in a 
fuel injection system for motor vehicle internal com 
bustion engines of the type described above which con 
siderably reduces the necessary expenditures for such 
installation by reducing the number of parts and control 
cross sections as well as control bores necessary therefor. 
A further object of the present invention resides in a 

control installation for the control of the pre-injection by 
intermediate relief action which is both simple and com 
pact in construction and utilizes a minimum of parts, yet 
assures completely reliable operation of the installation. 
These and further objects, features, and advantages of 

the present invention will become more obvious from 
the following description when taken in connection with 
the accompanying drawing which shows, for purposes 
of illustration only, several embodiments in accordance 
with the present invention, and wherein: 
FIGURE 1 is a partial axial cross-sectional view 

through a ?rst embodiment of a control installation for 
the control of the pre-injection according to the present 
invention provided with intermediate relief into a fuel 
storage space and with throttle bores as throttle devices, 
with the parts thereof shown in a rest position during the 
beginning of the main injection; 
FIGURE 2 is a partial axial cross-sectional view of the 
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installation illustrated in FIGURE 1 with the parts there 
of in the position during intermediate relief; 
FIGURE 3 is ‘a partial axial cross-sectional view, simi 

lar to FIGURE 1, and illustrating the parts thereof in 
the position during the main injection; 
FIGURE 4 ‘is a partial axial cross-sectional view, simi 

lar to FIGURE 1, illustrating the parts thereof in the 
position during the emptying or discharge of the fuel 
storage space; 
FIGURE 5 is a partial axial cross-sectional view, simi— 

lar to ‘FIGURE *1, showing the parts thereof during the 
re-?lling of the spring space from the cylinder space on 
the inlet side; 
FIGURE 6 is a partial axial cross-sectional view through 

a modi?ed embodiment of a control installation for the 
pre-injection in accordance with the present invention 
provided with intermediate relief into a fuel storage 
space and with ground sections as throttling devices, 
with the parts thereof illustrated in a position correspond 
ingto the position in FIGURE 1; 
FIGURE 7 is a partial axial cross-sectional view, simi 

lar to FIGURE 6, and illustrating the parts thereof in 
the position during the main injection; 
FIGURE 8 is a partial axial cross-sectional view through 

a third embodiment of a control installation for the con 
trol of the pre-injection in accordance with the present 
invention provided with intermediate relief into a fuel 
supply line, with the parts thereof corresponding to the 
rest position in FIGURE 1; and 
FIGURE 9 is a partial axial cross-sectional view through 

a fourth embodiment of an installation for the control of 
the pre-injection in accordance with the present invention 
with intermediate relief into a return line and having a 
fuel supply line terminating in the spring space, with the 
parts thereof shown in the position corresponding to the 
rest position of FIGURE 1. 

Referring now to the drawing wherein like reference 
numerals are used throughout the various views to desig 
nate like parts, the control cylinder of the ?rst embodi 
ment (FIGS. l—5) is provided with an inlet 1 at the end 
face thereof, to which an injection line (not shown) 
coming from an injection pump is adapted to be connect 
ed; the control cylinder contains a control piston 2 whose 
end area on the inlet side forms a closure piston 3 which 
is adjoined by a control cross section 4 of the control 
piston 2. The control cross section 4 is operatively con 
nected by way of a radially extending cross bore 5 with a 
lower portion 6 of an axial control piston bore 6, 7 which 
terminates in a spring space 9 of the control cylinder, 
disposed opposite the inlet 1 and containing a return 
spring 8. The upper portion 7 of the control piston bore 
6, 7, terminates in an inlet cylinder space 10 located on 
the inlet side and is separated from the lower portion 6 
by a wall through which extends a ?rst throttle bore 11. 
The control cylinder has two control cross sections or 

ports 12 and 13 disposed axially one behind the other, of 
which the control cross section or port 12, disposed closer 
to the inlet 1, is connected with an outlet 14 leading to 
an injection nozzle (not shown) and the control section 
or port 13, more remote from the inlet 1, is connected 
with an intermediate relief aperture 15. Mutually facing 
inner control edges 16 and 17 of the control cross sections 
or ports 12 and 13 are at a distance 18 from one another 
which is only slightly smaller than a length 19 of the con 
trol cross section or port 4 of the control piston 2 which 
adjoins the closure piston 3. An over-all length 20 of the 
control piston 2 is so dimensioned that an inlet end 21 
of the closure piston 3 valves as control edge the inlet 
cylinder space 10 in the opening sense with respect to 
the control cross section 12 of the control cylinder dis' 
posed closer to the inlet 1 shortly before an end 22 of the 
control piston 2, opposite the ‘inlet 1, abuts against an 
abutment 23 arranged in the spring space 9. The inter 
mediate relief aperture 15 contains a second throttling 
bore 24 which connects the control cross section or port 
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13 opposite the inlet 1 with a fuel storage space 25 ar 
ranged adjacent the control cylinder and whose throttling 
corresponds approximately to the throttling of an injec 
tion nozzle. A third throttling bore 26 which extends 
radially through the closure piston 3, is disposed directly 
above and parallel to the wall accommodating the ?rst 
throttling bore 11 and which connects the upper portion 
7 of the control piston bore 6, 7 and therewith the inlet 
cylinder space 10 in a rest position of the control piston 
2 with the control cross section or port 12 closer to the 
inlet 1. A fourth throttle bore 27 extends radially through 
the control piston 2 and connects, in a rest position of the 
control piston, the lower portion v6 of the axial bore 6, 7 
thereof with the control cross section or port 13 of the 
control cylinder opposite the inlet 1. 

Operation 

The operation of the installation described hereinabove 
is ‘as follows: 
The control piston 2 at ?rst assumes the rest position 

illustrated in FIGURE 1 into which it is brought by the 
return spring 8, and the inlet cylinder space 10, the spring 
space 9 and the fuel storage space 25 are ?lled with fuel 
under static pressure. If a fuel injection impulse now lar 
rives from the injection pump by way of the inlet 1, then 
the control piston 2 moves rapidly downwardly and dis 
places fuel out of the spring space 9 which ?ows off into 
the outlet 14 to the injection nozzle by way of the lower 
portion 6 of the axial control piston bore 6, 7, the cross 
bore 5, the control cross section ‘4 of the control piston 
2 and the control cross section 12 of the control cylinder 
and thereby effects the pre-injection. The pre-injection 
lasts for such length of time until a position between the 
positions illustrated in FIGURES 1 and 2, a control edge 
28 of the control cross section 4 which is disposed op 
posite the closure piston 3, passes over the inner control 
edge 17 of the control cross section 13 ‘and thus opens the 
intermediate relief aperture 15 whereupon shortly there 
after a control edge of the control cross section 4 formed 
by the closure piston 3 passes over the inner control edge 
16 of the control cross section 12 and thus closes off the 
outlet 14 to the injection nozzle. During the intermediate 
relief the fuel displaced out of the spring space 9 by the 
downwardly moving control piston 2 flows, as illustrated 
in dash line in FIGURE 2, along its path by way of the 
lower portion 6 of the axial control piston bore, the cross 
bore 5, the control cross section 4 of the control piston 
2, and the control cross section 13 of the control cylinder 
through the throttling bore 26 of the intermediate relief 
aperture 15 into the fuel storage space 25 until an inlet 
end 21 of the closure piston 3 passes over an outer con— 
trol edge 29 of the control cross section 12 in the lower 
end position of the control piston 2 as shown in FIGURE 
3, and thus opens for the main injection a direct con 
nection between the inlet cylinder space 10 and the out 
let 14 to the injection nozzle. After the end of the injection 
impulse supplied from the injection pump, the fuel 
compressed in the fuel storage space 25 and in 
the spring space 9 as well as the return spring 8 
drive the control piston 2 by way of the intermediate posi 
tion illustrated in FIGURE 4, in which the fuel flows back 
from the storage space 25 into the spring space ‘9, and by 
way of the intermediate position illustrated in FIGURE 5, 
in which the control cross section 13 opposite the inlet 1 is 
again closed off while the control cross section 12 closer 
to the inlet 1 again comes into communication with the 
spring space 9, back into the rest position illustrated in 
FIGURE 1, whereby fuel continues to ?ow by way of the 
throttle bore 26 from the inlet cylinder space 10 into the 
spring space 9. In this rest position, the throttle bore 27 
is opened up by passing over an outer control edge 30 
of the control cross section 13 so that any pressure dif 
ferences which may be present possibly between the fuel 
in the fuel storage space 25 and the fuel in the spring 
space 9 are equalized. 
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In the second embodiment which corresponds essential 
ly to the ?rst embodiment and whose parts corresponding 
to the parts of the ?rst embodiment are designated by the 
printed reference numerals, a number of throttling de 
vices is constructed as ground surfaces or sections in 
seating surfaces of the control piston. A ground section 
31 extending in an outer surface of the closure piston 3' 
replaces the throttle bore 26 in the closure piston 3 of 
the ?rst embodiment. The ground section 31 extends with 
its lower end into the control cross section or port 12’ 
of the control cylinder connected with the outlet 14' in 
the rest position of the control piston 2' illustrated in 
FIGURE 6 and with its upper end into an additional 
control cross section 32 provided in the inlet cylinder 
space 10'. A second ground section 33 terminating in the 
control cross section 4’ of the control piston 2’ connects, 
in the lower end position of the control piston illustrated 
in FIGURE 7, the control cross section 13' in communi 
cation with the fuel storage space 25', with the spring 
space 9' and thus replaces the throttle bore 27 of the 
?rst embodiment. As to the rest, the embodiment of 
FIGIURES 6 and 7 is similar to the embodiment of FIG 
URES 1 through 5 and operates in an analogous manner. 

In the third embodiment of FIGURE 8, an intermedi 
ate relief aperture 34 is connected with a fuel supply line 
35 of the injection pump. Also, the spring space 36 is 
again re-?lled by way of the fuel supply line 35. As to the 
rest, the third embodiment illustrated in FIGURE v8 is 
similar to the two previously described embodiments. 

In the fourth embodiment illustrated in FIGURE 9, the 
intermediate relief aperture 37 is connected by way of 
a ?rst check valve 38 with a fuel return line 39, and the 
re?lling of the spring space ‘40 takes place by way of a 
second check valve 41 from a fuel supply line 42. Again, 
as to the rest of the embodiment of FIGURE 9, what has 
been said hereinabove with respect to the other embodi 
ments also applies to this embodiment. 

While I have shown and described several embodiments 
in accordance with the present invention, it is understood 
that the same is not limited thereto but is susceptible of 
numerous changes and modi?cations as known to a person 
skilled in the art, and I therefore do not wish to be limited 
to the details shown and described herein, but intend to 
cover all such changes and modi?cations as are encom 
passed by the scope of the appended claims. 

I claim: 
1. An installation for the control of the pre-injection 

by intermediate relief, especially for motor vehicle inter 
nal combustion engines, which is operatively connected 
between an injection pump and an injection nozzle, com 
prising control cylinder means, control piston means 
within said control cylinder means which is displaced in 
one direction by the supply impulse of the injection pump 
and is returned to its rest position after completion of the 
main injection, said control piston effecting the inter 
mediate relief, said cylinder means being provided with 
inlet means and with a ?rst and a second control cross 
section means disposed axially one behind the other, the 
?rst cross section means which is disposed closer to the 
inlet means being operatively connected with a lateral 
outlet means leading to the nozzle, closure piston means 
constituted by an inlet end area of the control piston 
means and operable to close said ?rst control cross sec 
tion means during intermediate relief, said closure piston 
means being adjoined by a control cross section of the 
control piston means, said cylinder means being provided 
with a spring space at the end opposite the inlet means 
and containing a return spring, the control cross sec-tion 
of the control piston means being operatively connected 
with said spring space by way of axial control piston bore 
means and cross bore means extending through the con 
trol cross section of the control piston means and ter 
minating in said axial control piston bore means, the 
second control cross section means of the control cylin 
der means which is disposed opposite the inlet means 
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6 
being operatively connected with intermediate relief aper~ 
ture means, the ?rst and second control cross section 
means of the control cylinder means having mutually 
facing inner control edges spaced from one another by a 
distance which is only slightly smaller than the length of 
the control cross section of the piston means adjoining 
the closure piston means, and the over-all length of the 
control piston means being so dimensioned that an inlet 
end of the closure piston means, which is operable as 
control edge, opens shortly prior to the abutment of the 
opposite end of the control piston means against ‘an 
abutment in the spring space, a cylinder space formed 
on the inlet side with respect to the ?rst control cross 
section means. 

2. An installation according to claim 1, wherein said 
intermediate relief aperture means leads to a closed fuel 
storage space. 

'3. An installation according to claim 1, wherein the 
intermediate relief aperture means is opera-tively con 
nected with a fuel supply line. 

4. An installation according to claim '1, wherein the 
intermediate relief aperture means is operatively con 
nected ‘by way of a check valve with a return fuel line, 
1and wherein the spring space is operatively connected 
"by way of a further check valve with a fuel supply line. 

‘5. An installation according to claim 1, further com 
prising ?rst throttling means at the closure piston means 
which operatively connects with relatively high throttling 
the inlet cylinder space with the spring space. 

\6. An installation according to claim 1, wherein the 
intermediate relief aperture means is provided in effect 
with a second throttling means corresponding approxi 
mately to the throttling of the injection nozzle. 

7. An installation according to claim 1, wherein said 
closure piston means is provided with throttling means 
which in the rest position of the control piston means 
operatively connects the inlet cylinder space with the 
?rst-control cross section means of the control cylinder 
means. 

8. An installation according to claim 7, wherein said 
intermediate relief aperture means leads to a closed fuel 
storage space. 

9. An installation according to claim 7, wherein the 
intermediate relief aperture means is operatively con 
nected with a fuel supply line. 

10. An installation according to claim 1, wherein said 
control piston means is provided with a further equali 
zation throttling means for the fuel storage space which 
extends through the control piston. means within the area 
of its axial control piston bore means and which opera 
tively connects the same in the rest position of the con 
trol piston means with the second control cross section 
means of the control cylinder means. 

11. An installation according to claim 10', wherein said 
intermediate relief aperture means leads to a closed fuel 
storage space. 

12. An installation according to claim 5, wherein the 
intermediate relief aperture means is provided in effect 
with a second throttling means corresponding approxi 
mately to the throttling of the injection nozzle. 

13. An installation according to claim 12, wherein said 
closure piston means is provided with throttling means 
which in the rest position of the control piston means 
operatively connects the inlet cylinder space with the 
?rst-control cross section means of the control cylinder 
means. 

14. An installation according to claim 10, wherein the 
throttling means are constituted by throttling bores. 

15. An installation according to claim 13, wherein the 
throttling means are constituted by cut sections in the 
seating surfaces of the control piston means. 

16. An installation according to claim 13, wherein the 
throttling means are cut sections in the seating surfaces 
of the control cylinder means. 

17. An installation according to claim 13, wherein said 
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control piston means is provided with a further equaliza 
tion throttling means for the fuel storage space which 
extends through the control piston means within the area 
of its axial control piston bore means and which opera 
tively connects the same in the rest position of the con 
trol piston means with the second control cross section 
means of the control cylinder means. 

18. An installation according to claim 17, wherein the 
throttling means are constituted by throttling bores. 

19. An installation according to claim 17, wherein the 10 
throttling means are constituted ‘by cut sections in the 
seating surfaces of the control piston means. 

20. An installation according to claim 17, wherein the 
throttling means are cut sections in the seating surfaces 
of the control cylinder means. 

21. An installation according to claim 17, wherein said 
intermediate relief aperture means leads to a closed fuel 
storage space. 
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