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This invention relates to improvements in fuel
injection devices provided with a préssure reduc-
tion valve permitting flow of fuel in two direc-
tions ih & fuel conduit. One object of the inven=
tion is to provide a device of this type which is
simple and cheap in manufacture and produces
little flow resistance. A further object of the
invention is to provide a device in whieh it is
possible to use a low feed pressure at a fuel in=
Jection pump forming a part of the device. Ac=
cording to the invention a fuel injection ‘device
including a fuel conduit and a pressure reducs
tion valve permitting flow of fuel in both direc=
tions in said conduit comprises a valve housing,
2 passage in said valve housing forming a por-
tion of the fuel conduit, a seat in said passage
in the housing, a spring loaded member movable
in the longitudinal direction of the passage and
forced towards said seat by the spring load and
having a plane surface substantially perpendicu-~
lar fo-the longitudinal direction of the passage,
a8 passage in said spring-loaded member opening
in said plane surface, and a valve member mov-
able in the longitudinal direction of ‘the passase
inthe housing having a planesurface perpendicu-
lar to sald direction and cooperating with -the
plane surface of the spring=loaded member when
the fuel pressure acts on the valve member
against the action of the Spring load. Since
the spring-loaded member and the valve mem-
ber -are combined and cooperate in the manner
set forth with plane surfaces substantially per-
pendicular to the longitudihal direction of the
passage a ‘very simple device is obtained which
iz "easily manufactured and assembled and re-
quires little aecuracy in manufactire.

In the accompanying drawings some embodi-
ments of fuel injection deyvices according to the
invention are illustrated by way -of example.
Fig, 1 is a section of a fuel injeetion ‘pump and
& fuel injection valve dévice ‘eonnected there-
with aecording to the invention. Fig. 2 isa sec-
tion of.a fuel injection pump built together with
a fuel injection valve device according to. the
invention. Fig. 3 illustrates in section on a
larger scale a further embodiment of @ pressure
reduction valve incorporated in a device accord-
ing to the invention. Pig. 4 illustrates alse in
section a still further embodiment -of a pressure
reduction valve according ‘to the invention. Pig.
5 13 a detail view showing a modification of the
bressure reduction valves illustrated in Figs. 1-3.

The fuel injection device illustrated in Fig, 1
includes a fuel injéetion pump and a fuel injec-
tion valve device with low opening pressure and
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high closing pressure provided in a wall of a
combustion chamber. 1 designates the pump
housing of the fuel injection pump, 2 a portion
of the wall of a combustion chamber, and 3 a
fuel injection valve device disposed in said wall.
4 is the cylinder of the pump in which a piston §
is reciprocable said piston being driven by a cam
6. The pump may naturally have any number
of cylinders one of which only is iflustrated in
the drawing. The cam 6 is provided with a cam
bortion T having a mederate rise for producing
2 preliminary injection of & small fuel quantity
and a further cam’ portion 8 with steeper rise
for producing the main injection. ‘The latter
cam portion may preferably he combined with
the first-mentioned eam portion in such 4 man-
ner that the fuel injection valve device -does not
close between the preliminary injection -and -the
main-injection. The eam § and the fuel injec-
tion pump as well as the fuel injection valve de-
Viee may maturally be carried out in 6ther ways
comron to the art ‘without departing from the
seope of the present invention.

At the upper end of the pump housing 1 a
valve housing 9 is screwed into the pump housing
a- packing 10 being provided between the. pump
cylinder 4 and the valve hiouising 9. 'The valve
housing forms a passage from the pressure cham=
ber 11 of the fuel injection pump to a conduit
12 leading to the fuel injection valve device in
which it is connected to a duet 13 leading through
an annular groove 14 over a spring-loaded check
valve -15 provided with a pressure reducing pis-
ton pertion to a-duct 16 and a space 11. A needle
valve {8 extends through said space and in
closed position of said valve the space 171 is sepa~
rated by the valve from nozzle openings 18 and
the combustion chamber. The space 11 is partly
confined by an end surfacé of a small piston
portion 20 formed on-the needle valve and sub-
Jected te the fuel pressure in the space 17. A
duct 2{ leads from the annular groove i4 to a
space 22 -in the fuel injection valve said space
being -partially confined by an end surface of a
large piston portion 23 formed on the- needle
valve. ‘The piston portions 20 and 238 are lapped
in the body of the fuel injection valve device and
the needle valve 18 is pressed towards its seat in
& direction towards the combustion chamber by
a-Spring28.

The passage through the valve housing 9 ¢om=
prises. g large axial cylindrical bore 25 and a
smaller coaxial bore 26 from which 4 duct 27
leads to the -conduit 12. At the juncture of the
bore 2§ and the bore 26 an annular seat 28 fop
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a valve disc 29 carried out with parallel surfaces
is formed in the housing 9 by a surface perpen-
dicular to the passage through the valve housing.
The disc 29 is provided with a central passage 30
opening into the plane ground upper side of the
disc. . The disc 29 may be circular, square with
rounded corners or of any other shape or size
so that fuel may flow, for instance, past the
periphery of the disc when the disc lifts from
the seat 28. A spring 31 normally forces the
valve disc 29 towards the seat 28. The spring
31 is inserted between the valve disec and a spring
retainer 32 screwed into the lower portion of the
valve housing 9. The retainer 32 has a cenfral
passage 33 and forms g stopper 34 for limiting
the movement of the valve disc. The fension of
the spring 31 may be considerable and determines
the value of the residual pressure remaining in
the fuel conduit between the valve disc 29 and the
fuel injection valve device. A plane valve 35
rests on the plane upper side of the valve disc 29
with its plane ground under side and covers the
openings of the passage 30 and forms a seal to-
gether with the plane upper side of the valve disc
29. The valve 35 is provided with a guide pin 36
on which the small lower windings of a soft heli-~
cal spring 37 are wound. The upper portion of
the spring 37 is cylindrical and guided by the bore
26. The valve disc 29 may naturally be guided
in similar manner. A stopper 38 for limiting the
motion of the valve 35 is provided at the bottom
of the bore 26 said stopper being provided with
ducts 29 through which fuel may pass to and
from the duct 27. The spring 37 as well as the
guide pin 36 may sometimes be dispensed with.
In certain cases one or both stoppers 34 and 38
may also be dispensed with.

During the pressure stroke of the pump piston
5 fuel flows from the pressure chamber {1 through
the passage 33 and the passage 30 lifting the
valve 35 against the action of the spring 37 and
flowing on through the ducts 39, 21, 12 and 13
to the groove i4 in the fuel injection valve de-
vice. From the groove 14 a portion of the fuel
is conducted through the duct 2{ to the space
22 in which it acts on the large piston portion 23
of the needle valve in the opening direction.
From the groove {4 fuel also flows past the valve
15 through the duct i6 to the space 1T in which
it acts upon the small piston portion 20. When
the fuel pressure on the piston portions 23 and
20 is sufficient for overcoming the force of the
spring 24 the needle-valve {8 opens and fuel is
injected into the combustion chamber through
the nozzle openings 19. When the pressure in
the pressure chamber 1l is unloaded the needle
valve quickly closes and a certain fuel quantity
then moves back from the fuel injection valve
device in the duct {3 and the conduit 12 towards
the valve housing 8 in which the valve 35 due
to the pressure release in the chamber il has
just returned to the position in which it covers
the opening of the passage 30-in the valve dise
29. The return flow of fuel then lifts the valve
disc 29 from its seat 28 against the action of the
spring 31 so that fuel may pass at the periphery
of the disc 29. Pressure waves from the fuel
injection valve device are caught in the same
way, and, consequently, cannot be reflected back
to the fuel injection valve device where they
might produce -a momentary opening . of the
needle valve at not desired times. -

In the embodiment according to Fig. 2 parts
correspondlng to equivalent parts in Fig. 1 have
been de51gnated by the same reference numerals
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and are not described again. The main dif«
ferences with respect to the device according to
Fig. 1 are due to the fact that the device accord-
ing to Fig. 2 consists of a pump housing | built

“together with the fuel injection valve device 3.

The spring 24 loading the needle valve 18 is dis-
posed in said pump housing and the pressure re-
duction valve is disposed in the body of the fuel
injection valve device in which it replaces the
valve i5 according to Fig. 1. Thus, the pump in
this case is not provided with a pressure valve
in direct connection with the pump cylinder 4,
but the pressure chamber | is connected through
a duct 40 and an annular groove 41 directly to
the duct 13 in the portion of the device common
for the pump housing and the fuel injection valve
device. A pressure reduction valve is built into
the body of the fuel injection valve device 3,
which consequently replaces the valve housing 9
of Fig. 1. In order to accommodate the pressure
reduction valve the fuel injection valve device
3 is provided with a large bore 25 from the bot-
tom of which a small bore 26 extends towards
the duct 16. The portion at the juncture between
said bores forms an annular seat 28 as in Fig. 1
for a valve disc 29 having a central passage 38
and normally held towards the seat 28 by a spring
3i1. 'The spring 3i is inserted between the valve
disc 29 and 3 spring seat 42 screwed into the
upper end of the bore 25 and provided with a
duct 43 communicating with an annular groove
14. A spring 37 is inserted in the bore 26 between
the bottom of the bore and the valve 35 which
with its plane upper side rests on the plane under
side of the valve disc 29 and is guided with its
pin 36 in the spring 31.

" In the embodiment of the invention illustrated
in Fig. 3, which shows a pressure reduction valve
assembly and the upper portion of a fuel injection
pump only, the pressure reduction valve is pro-
vided in a valve housing 44 which is pressed to-
wards the upper end of the pump cylmder 4 by
a nut 45. In this case the valve dise 29 is in-
serted between the annular seat 28 and the helical
spring 31 which rests in a spring seat 46 press-
fitted into the valve housing 44. The valve mem-
ber 35 is carried out as a plane disc provided with
a small leak passage 471 disposed opposite the
opening of the passage 30 in the valve disc 29
so that a certain fuel quantity determined by the
size of the leak opening 41 can always leak past
By this means the pressure drop or
pressure reduction in ‘the fuel conduit between
the valve 35 and a fuel injection valve device con-
nected to the pressure reduction valve assembly
may be varied, for instance according to the
number of revolutions of an engine driving the
pump in such a manner that at a high number
of revolutions a small pressure reduction only
gets time to occur in the fuel conduit additional
to the pressure reduction determined by the valve
disc 29 and the spring 3f. 'The valve 35 is pressed
towards the valve disc 29 by a helical spring 317
inserted between the valve 35 and a spring seat
48 press-fitted into the upper end of the valve
housing 44. The bore 26 is connected with the
fuel conduit to the fuel injection valve device
by a duct 39 in the spring seat 48 and a duct 49

- in the.nut 45.

In the embodiment 111ustrated in Pig. 4 which
shows a reduction valve assembly only, the valve
housing 9 contains valve members 50 and 51 pro-
vided with guide ribs 52 and 53, respectively, so
that said valve members are guided axially in the
bores 25 and 26, respectively. The valve 50 has
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an annular plane upper side provided with a
central recess §4 through which fuel may pass
when the valve 51 is open. In closed position
the valve 61 rests on.the plane upper side of the
valve 50 with its plane under side thereby cover-
ing the opening of the recess 54. The valve 50 is
provided with a small leak opening 55 which is
never covered by the valve 51 and through which
fuel can always leak said. passage serving the
Same purpose as the leak passage 471 according
to Fig. 3.

Fig. 5 illustrates a modification of the pressure
reduction valves of the devices according to Figs.
1-3. The valve 35 according to Fig. 5 is a plane
disc valve having a ecentral opening 58 and co-
operating with the plane underside with a valve
disc 29 provided with passages 571 normally
covered by the valve 35. The valve disc 29 is
movable between the seat 28 and a stopper 84
-and is normally held against the seat 28 by the
spring 3{. The valve 35 is movable between the
bottom 58 of the bore 26 and the valve disc 29
but has no spring load. ‘Free spaces are provided
at the periphery of the valve 35 and the valve disc
29 for passage of fuel when the valve disc 29
moves from its seat 28.

The devices according to the invention de-
seribed hereinabove and illustrated in the draw-
ings should only be considered as examples and
the details of the invention may be modified or
combined in several different ways within the
scope of the claims,

What I claim is:

1. A fuel injection device including a fuel con-
duit and a pressure reduction valve permitting
flow of fuel in both directions in said conduit
and comprising a valve housing, a passage in said
valve housing forming a portion of the fuel con-
duit, a seat in said passage in the housing, a
spring loaded member movable in the longitudi-
nal dirgction of the passage and forced towards
said seat by the spring load and having a plane
surface substantially perpendicular to the longi-
tudinal direction of the passage, a passage in said
spring loaded member opening in said plane sur-
face, and a valve member movable in the longi-
tudinal direction of the passage in the housing
having a plane surface substantially perpendie-
ular to said direction and cooperating with the
plane surface of the spring loaded member when
the fuel- pressure acts on the valve member
against the action of the spring load.

2. A fuel injection device including a fuel con-
duit and a pressure reduction valve permitting
flow of fuel in both directions in said conduit
and comprising ‘a valve housing, a passage in
said valve housing forming a portion of the fuel
conduit, a seat in said passage in the housing, a
spring loaded member movable in the longitudi=
nal direction of the passage and forced towards
said seat by the spring load and having a plane
surface substantially perpendicular to the longi-
tudinal direction of the passage, a passage in
said spring loaded member opening in said plane
surface, and a valve member movable in the
longitudinal direction of the passage in the hous-
ing having a plane surface substantially perpen-
dicular to said direction and cooperating with
the plane surface of the spring loaded member
so as to seal the passage in the spring loaded
member when the fuel pressure acts on the valve
member and the spring loaded member against
the action of the spring load.

3. A fuel injection device according to claim 1
in which the passage in the valve housing com-
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prises a bore with large cross section and a ¢o-
axial bore with small cross section the seat in
the passage being formed on an annular surface
at the juncture between said bores.

4. A fuel injection device according to claim 2
in which the passage in the valve housing com-
prises a bore with large cross section and a co-
axial bore with small cross section the seat in
the passage being formed on an annular surface
at the juncture between said bores and forming
a seal with the plane surface of the spring loaded
member when in seatéd position.

5. A fuel injection device including a fuel con-
duit ‘and a pressure reduction valve permitting
flow of fuel in both diréctions in said conduit
and comprising a valve housing, a passage in said
valve housing forming a portion of the fuel con-
duit and comprising a bore with large cross sec-
tion .and a. co-axial bore with small eross section
forming a continuation of said large bore, a duct
in the housing leading from said small bore and
forming a portion of the conduit, a seat in the
housing formed on an annular surface at the
juncture between the large bore and the small
bore, a spring loaded member moveahle in the
longitudinal direction of said bores and forced
towards said seat by the spring load and having
a plane surface substantially perpendicular to
the bores and cooperating with the seat to form
a seal, a passage in said spring loadel member
opening in said plane surface, a valve member
movable in the longitudinal direction of the bores
having a plane surface substantially perpendicu-
lar to said direction and cooperating with the
plane surface of the spring loaded member so as
to seal said passage in the spring loaded member
when the fuel pressure dcts on the valve mem-
ber and the spring loaded member against the
action of the spring load, a plug in the large
bore serving to retain the valve member and the
spring loaded member and the spring in the bores
in the housing as a self contained unit, and a
passage in said plug forming a portion of the
conduit.

6. A fuel injection device aceording to claim 2
in which the spring loaded member consists of
a plane disc confined by two parallel surfaces
and provided with a passage extending from one
of said surfaces to the other.

7. A fuel injection device according to claim 2
in which the valve member consists of a plane
disc confined by two parallel surfaces.

8. A fuel injection device according to claim 1
in which a stopper is provided for limiting the
movement of the spring loaded member.

9. A fuel injection device according to claim 1
in which a stopper is provided for limiting the
movement of the valve member.

10. A fuel injection device according to claim 2
in which a stopper is provided for limiting the
movement of the spring loaded member.

11. A fuel injection device according to claim 2
in which a stopper is provided for limiting the
movement of the valve member.

12. A fuel injection device according to claim 2
in which the valve member is loaded by a soft
spring and the spring loaded member by a spring
of larger force.

13. A fuel injection device according to claim 2
in which the valve member is provided with a
leak passage through which fuel may leak in all
positions of the valve member.

14. A fuel injection device according to claim 2
in which the spring loaded member is provided
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with 2 leak passage forming a by-pass of the
valve member.

15. A fuel injection device according to claim 1
in combination with a fuel injection valve device
having a needle valve provided with a large
piston portion and a small piston portion actu-
ated by the fuel pressure in the fuel conduit in
opening direction of said needle valve, at least
one of said piston portions producing a certain
movement of fuel away from the fuel injection
valve device upon closure of the needle valve.

16. A two way flow valve assembly for fuel
injection devices comprising a valve housing, a
fuel passage in said housing, a seat in the housing
through which said passage extends, a spring
loaded member movable in the passage and
forced towards said seat by the spring load and
having a surface formed for cooperation with
the seat, a communication between portions of
the passage which in seated position of said
spring loaded member by-passes the surface co-
operating with the seat, and a spring load free
valve member movable in the passage for re-
stricting fuel flow through said communication
in one direction in one seated position of said
valve member and for permitting fuel flow
through the communication in the opposite di-
rection in another seated position of the valve
member. .

17. A two way flow valve assembly for fuel in-
jection devices comprising a valve housing, a
fuel passage in said housing, a seat in the housing
through which said passage extends, a spring
loaded member movable in the passage and
forced towards said seat by the spring load and
having a surface formed for cooperation with
the seat to form a seal, a communication be-
tween portions of the passage which in seated
position of said spring loaded member by-passes
said surface cooperating with the seat, and a
spring load free valve member movable in the
passage for interrupting fuel flow through said
communication in one direction in one seated
position of said valve member and for permitting
flow through the communication in the opposite
direction in another seated position of the valve
member. : , N

18. A two way flow valve assembly for fuel
injection devices comprising a valve housing, a
fuel passage in said housing, a seat in the housing
through which said passage extends, a spring
loaded member movable in the passage and
forced towards said seat by the spring load and
having a surface formed for cooperation with
the seat, 2 communication in said spring loaded
member between portions of the passage which
in seated position of -the spring loaded member
by-passes said surface cooperating with the seat,
a seat on the spring loaded member through
which' said communication extends, a further
seat in the housing, and a spring load free valve
member movable in the passage between said
seat on the spring loaded member and said fur-
ther seat for restricting fuel flow through the
communication in one direction in seated posi-
tion of said valve member on the seat on the
spring loaded member and for permitting fuel

flow through the communication in the opposite

direction in seated position of the valve member
on the further seat.

19. A two way flow valve assembly for fuel in-
jection devices comprising a valve housing, a fuel
passage in said housing, a seat in the housing
through which said passage extends, a spring
loaded member movable in the passage and forced
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towards said seat by the spring load and having
a surface formed for cooperation with the seat
to form a seal, a communication in said spring
loaded member between portions of the passage
which in seated position of the spring loaded
member by-passes said surface cooperating with
the seat, a seat on the spring loaded member
through which said communication extends, a
further seat in the housing; and a spring load
free valve member movable in the passage be-
tween said seat on the spring loaded member
and. said further seat and having a surface co-
operating with the seat on the spring loaded
member to form a seal for interrupting fuel flow
through the communication in one direction in
seated position of said valve member on the seat
on the spring -loaded member and movable to-

"wards the further seat for permitting fuel flow

through the communication in the opposite di-
rection in seated position of the valve member
on the further seat.

20. A two way flow valve assembly for fuel in-
jection devices comprising a valve housing, a fuel
passage in said housing, a plane seat in the hous-
ing through which said passage extends, a spring
loaded member movable in the passage and forced
towards said seat by the spring load and having
a plane surface formed for cooperation with the
seat to form a seal, a communication in said
spring loaded member between portions of the
passage which in seated position of the spring
Joaded member by-passes said surface cooperat-
ing with the seat, a plane seat on the spring
loaded member forming a continuation of the
surface cooperating with the seat in the hous-
ing through which said communication extends,
a further seat in the housing, and a spring load
free valve member movable in the passage be-
tween said seat on the spring loaded member and
said further seat and having a plane surface coop-
erating with the seat on the spring loaded member
to form a seal for interrupting fuel flow through
the communication in one direction in seated po-
sition of said valve member on the seat on the
spring loaded member and movable towards the
further seat for permitting fuel flow through the
communication in the opposite direction in seated
position of the valve member on the further seat.

21. A two way flow valve assembly for fuel in-
jection devices comprising a valve housing, a fuel
passage in said housing, a seat in the housing
through which said passage extends, a member
movable in the passage and having a surface
formed for cooperation with the seat, a communi--
cation between portions of the passage which in
seated position of said member by-passes the sur-
face cooperating with the seat, and a valve mem-
ber movable in the passage for restricting fuel
flow through said communication in one diree-
tion in one seated position of said valve member
and for permitting fuel flow through the com-
munication in the opposite direction in another
position of the valve member. :

22. A fuel injection device including a fuel
conduit and a pressure reduction valve permit-
ting flow of fuel in both directions in said con-
duit and comprising a valve housing, a passage
in said valve housing forming a portion of the
fuel conduit, a seat in said passage in the hous-
ing, a first member movable in the passage and
forced towards said seat and having a plane sur-
face, a passage in said member opening in said
plane. surface, and a valve member movable in
the passage in the housing having a plane sur-
face and cooperating with the plane surface of
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said first member when the fuel pressure acts on
the valve member to move it towards said first
member to close said opening in the plane sur-
face of said first member.

23. A two way flow valve assembly for fuel
injection devices comprising a valve housing, a
fuel passage in said housing, a plane seat in the
housing through which said passage extends, a
disc shaped valve member movable in the pas-
sage and having a plane surface formed and dig-
posed for cooperation with said seat to form a
seal, a leak passage in said valve member, and a
further seat in the passage, said valve member
being movable between said seats and, when
seated on said first mentioned seat, providing a
restricted passage for fuel through said leak
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passage, and when unseated from said first men-

“tioned seat, providing an unrestricted passage

for the fuel through the valve assembly.
HILDING GUNNAR CAMNER.
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