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(57)  Filterassembly (33) for a fluid injection valve (1),
the filter assembly (33) having a fluid inlet portion and a

fluid outlet portion, wherein at least one flow path for fluid
flow with a flow direction is formed between the fluid inlet

portion and the fluid outlet portion, the filter assembly
(33) comprising a filter sleeve (37) having a first part (39)
and a second part (41), the first part (39) comprising a

filter element (43) and the second part (41) being ar-

ranged downstream of the first part (39) with respect to

the flow direction and forming a receptacle (35) for an

upper part (31) of a calibration spring (15) of the fluid
injection valve (1), wherein a circumferential side wall
(45) of the receptacle (35) is arranged to surround the
upper part (31) of the calibration spring (15).
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Description

[0001] The presentinvention relates to a filter assem-
bly for a fluid injection valve, a valve assembly and a fluid
injection valve. The fluid injection valve may in particular
be an injection valve for injecting fuel into a combustion
engine.

[0002] A valve assembly for a fluid injection valve com-
prises a valve body comprising a cavity with a fluid inlet
portion and a fluid outlet portion and a valve needle axially
moveable in the cavity. The valve needle prevents a fluid
flow through the fluid outlet portion in a closing position
and releases the fluid flow through the fluid outlet portion
in further positions. The valve needle may be actuated
by an electromagnetic actuation unit.

[0003] A filter assembly is provided at the fluid inlet
portion of the valve assembily for filtering the fluid to be
dosed.

[0004] The valve needle is biased towards a closing
position by a preloaded calibration spring. The calibration
spring can be preloaded by press-fitting the filter assem-
bly or a adjustment tube located on top of the spring into
the housing, the pole piece or another element of the
injection valve as disclosed in US 6, 997, 404 B2. This,
however, adds to the length of the injector.

[0005] Itis an object of the presentinvention to provide
a space-saving filter assembly for an injection valve, a
valve assembly and an injection valve with such a valve
assembly.

[0006] These objects are achieved by means of a filter
assembly for an injection valve, a valve assembly and
an injection valve according to claims 1, 13 and 15.
[0007] Advantageous embodiments and develop-
ments are objects of the dependent claims.

[0008] According to a first aspect of the invention, a
filter assembly for a fluid injection valve is provided, the
filter assembly having a fluid inlet portion and a fluid outlet
portion, wherein at least one flow path for fluid flow with
a flow direction is formed between the fluid inlet portion
and the fluid outlet portion.

[0009] The filter assembly comprises a filter sleeve
having a first part and a second part. The first part com-
prises afilter element. The second partis arranged down-
stream of the first part with respect to the flow direction
and forms a receptacle for an upper part of a calibration
spring of the fluid injection valve, wherein a circumferen-
tial side wall of the receptacle is arranged to surround
the upper part of the calibration spring.

[0010] Hence, the area, where the element preloading
the calibration spring and an element of the valve assem-
bly, e.g. the pole piece, are in frictional contact with one
another, does not extend upwards from the calibration
spring but around its upper part or some distance down-
wards from the upper part, i.e. some distance towards
its lower part. By this, the clamping area of the calibration
spring is moved from above the spring to the spring area
itself.

[0011] This has the advantage, that the space above
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the spring is not required for the preloading of the spring.
This space can be used differently, particularly for the
reduction of pressure waves from the rail. Alternatively
or additionally, the overall length of the injector can be
reduced.

[0012] According to one embodiment, the receptacle
comprises a ledge for supporting the calibration spring,
the ledge protruding from the circumferential side wall
and dividing the first part from the second part. According
to this embodiment, the ledge provides support for the
calibration spring. The ledge can be formed integrally
with the filter sleeve. It protrudes from the circumferential
side wall far enough to allow for a stable support of the
calibration spring.

[0013] Thus, the ledge makes an annular support for
the calibration spring, which is typically a coil spring. The
central opening of this annular support makes a passage
for fluid flow.

[0014] According to one embodiment, the second part
of the filter sleeve has, on an outer surface of the circum-
ferential side wall, a first fitting area for press-fitting the
filter assembly into a fuel injector.

[0015] A fitting area is hereby understood to be a con-
tact area between e.g. two elements, where frictional
forces between the two elements make a frictional lock-
ing connection between the two elements. To make this
frictional locking connection between the filter sleeve and
an element of the fuel injector, e.g. the pole piece, the
dimensions of the filter sleeve are chosen accordingly.
In particular the diameter of the filter sleeve is chosen to
make press-fitting the filter sleeve possible.

[0016] According to one embodiment, the filter sleeve
is made in one piece, i.e. the first part and the second
part are formed integrally. This simplifies the manufac-
ture of the filter sleeves and saves costs.

[0017] According to one embodiment, a disk having at
least one opening is arranged in the filter sleeve dividing
the first part from the second part and providing a support
for the calibration spring. The disk can be an annular disk
with a central opening or with a number of openings mak-
ing a passage for fluid flow. This has the advantage, that
a dampening effect on pressure waves in the fuel is cre-
ated.

[0018] Ithasbeen found thatthe dampening effect and
the passage of fuel through the opening are both satis-
factory if the opening (in the case of one central opening)
has a diameter of 0,5 millimeters to 1 millimeters, more
particularly of 0,7 millimeters to 0,9 millimeters.

[0019] The disk can, in particular, be supported by the
ledge. Thus, the outer diameter of the disk is typically
chosen to be only slightly smaller than the inner diameter
of the filter sleeve but larger than the inner diameter of
the ledge.

[0020] According to one embodiment, the second part
of the filter sleeve has, on an inner surface of the circum-
ferential side wall, a spring fitting region for fastening a
calibration spring within the filter sleeve. The calibration
spring may be fixed to the filter sleeve, but the fastening
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can also mean a guiding of the calibration spring.
[0021] It is advantageous, if the calibration spring is
guided only at its topmost and lowermost part, but not in
between. Guidance in between exerts frictional forces on
the calibration spring and disturbs its movement.
[0022] According to the described embodiment, the
upper part of the calibration spring can be fitted into the
receptacle such that the inner surface of the circumfer-
ential side wall having the spring fitting region provides
guidance for the calibration spring. In order to achieve
this, the inner diameter of the receptacle is only slightly
larger than the outer diameter of the calibration spring,
and the axial length of the receptacle is sufficient to pro-
vide reliable guidance.

[0023] According to one embodiment, instead of the
disk a cap is arranged in the filter sleeve, the cap having
a side wall part arranged coaxially with the circumferen-
tial side wall of the second part and a disk shaped part
with at least one opening, the disk shaped part dividing
the first part of the filter sleeve from the second part and
providing a support for the calibration spring.

[0024] According to this embodiment, the receptacle
receives the calibration spring and the cap. Preferably,
the axial length of the cap is not larger than that of the
receptacle so that the cap does not protrude from the
receptacle. The cap provides a particularly reliable guid-
ance for the calibration spring.

[0025] To achieve this, the cap may, on an inner sur-
face of the side wall part, have a spring fitting region for
fastening the calibration spring within the cap. Here, too,
"fastening" of the calibration spring may mean securely
guiding the calibration spring.

[0026] According to one embodiment, the cap has, on
an outer surface of the side wall part, a cap fitting region
for joining the cap to the filter sleeve. The cap could be
welded to the filter sleeve. Alternatively, the cap could
be press-fitted into the filter sleeve. In particular, the outer
diameter of the cap and the inner diameter of the filter
sleeve are such that a connection between both is pos-
sible. This has the advantage, that the cap providing par-
ticularly secure guidance of the calibration spring can be
inserted into the filter sleeve.

[0027] The filter assembly can be used with different
types of filters. According to one embodiment, the filter
element comprises a body part which may comprise a
plastic material (e.g. Nylon) and is joined to the first part
ofthe filter sleeve, for example by welding or press-fitting.
The filter element further comprises a cap part compris-
ing a metal and being joined to a fluid inlet portion of the
filter element, for example by welding or press-fitting. The
cap part may have one or more openings to make a pas-
sage for fluid flow. The diameter of the openings may be
relatively small to provide a dampening effect on pres-
sure waves.

[0028] Alternatively, the filter assembly can comprise
a different type of filter element. According to this em-
bodiment, the filter element is formed by the first part of
the filter sleeve comprising a number of through-holes
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forming the fluid inlet portion of the filter assembly. Ac-
cording to this embodiment, the first part of the filter
sleeve is closed at its upper end and provided with
through holes, which may e.g. be laser-drilled, electron
beam-drilled or drilled mechanically. Thus, the first part
of the filter sleeve constitutes the filter element.

[0029] According to one embodiment, the filter sleeve
and/orthe cap comprise steel, particularly stainless steel,
and/or a copper alloy. These materials have the neces-
sary corrosion resistance and provide the suitable me-
chanical properties for a tight press-fit. The filter sleeve
and/or the cap can be manufactured by a deep-drawing
process.

[0030] Accordingtooneaspectoftheinvention, avalve
assembly for an injection valve is provided, comprising
a valve body comprising a cavity with a fluid inlet portion
and afluid outlet portion, a valve needle axially moveable
in the cavity, the valve needle preventing a fluid flow
through the fluid outlet portion in a closing position and
releasing the fluid flow through the fluid outlet portion in
further positions. The valve assembly further comprises
the described filter assembly and a preloaded calibration
spring for biasing the valve needle, the calibration spring
having a lower part which is allocated near one end of
the valve needle and an upper part which is allocated at
adistance from the needle, the upper part being received
by the receptacle.

[0031] Thus, the circumferential side wall of the recep-
tacle encloses a plurality of turns of the calibration spring
which represent the upper part of the calibration spring.
[0032] The pole piece of the valve assembly provides
a rigid element suitable to receive the filter assembly.
The pole piece typically has a central opening receiving
the calibration spring. Into this central opening the spring
with the filter assembly may be press-fitted. Thus, the
first fitting area of the second part of the filter sleeve is
in contact with the pole piece.

[0033] Frictional forces between the fitting area of the
second part of the filter sleeve and the inner surface of
the pole piece make a stable frictional locking connection
between the two press-fitted parts.

[0034] According to one aspect of the invention, a fluid
injection valve with the described valve assembly is pro-
vided. The injection valve has the advantages described
above in connection with the filter assembly.

[0035] Further advantages, advantageous embodi-
ments and developments of the filter assembly, the valve
assembly for an injection valve and the fluid injection
valve will become apparent from the exemplary embod-
iments which are described below in association with
schematic figures.

Figure 1 shows a cross sectional overview of an in-
jection valve according to one embodiment
of the invention;

Figure 2 shows a detail of an injection valve accord-

ing to a first embodiment of the invention,
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Figure 3 shows a detail of an injection valve accord-
ing to a second embodiment of the inven-
tion,

Figure 4 shows a detail of figures 2 and 3,

Figure 5 shows a detail of an injection valve accord-
ing to a third embodiment of the invention,

Figure 6 shows a detail of an injection valve accord-
ing to a fourth embodiment of the invention,

Figure 7 shows a detail of figures 5 and 6,

Figure 8 shows a detail of an injection valve accord-
ing to a fifth embodiment of the invention,

Figure 9 shows a detail of an injection valve accord-
ing to a sixth embodiment of the invention
and

Figure 10  shows a detail of figures 8 and 9.

[0036] Elements of the same design and function that

appear in different illustrations are identified by the same
reference character.

[0037] The fluid injection valve 1 shown in figures 1 to
10 is in particular suitable for dosing fuel to an internal
combustion engine. However, the invention could be
used in other types of injection valves, too.

[0038] The injection valve 1 comprises a valve assem-
bly 3. The valve assembly 3 comprises a valve body 5
with a central longitudinal axis. The valve body 5 com-
prises a cavity 7. The cavity 7 has a fluid outlet portion
11. The fluid outlet portion 11 communicates with a fluid
inlet portion 9 which is provided in the valve body 5. The
fluid inlet portion 9 and the fluid outlet portion 11 are in
particular positioned at opposite axial ends of the valve
body 5.

[0039] The cavity 7 takes in a valve needle 13. The
valve needle 13 comprises a needle shaft 12 and a seal-
ing ball 14 welded to the tip of the needle shaft 12.
[0040] The injection valve 1 comprises an electromag-
netic actuator unit 17 for the valve needle 13. The actu-
ator unit 17 comprises a solenoid 19, an armature 21 and
a pole piece 27. The armature 21 is axially movable in
the cavity 7. The armature 21 is separate from the valve
needle 13 and is axially movable relative to the valve
needle 13 and to the valve body 5. A lower retainer 23
and an upper retainer 25 are fixed to the valve needle 13.
[0041] This type of injector is sometimes called "free-
lift" injector, because the armature travels upwards some
distance (the free-lift gap) before engaging the needle.
However, the invention can be used with different types
of injectors, where the armature is fixed to the needle,
for example.

[0042] The valve needle 13 is preloaded by a calibra-
tion spring 15 which is arranged in the cavity 7 at the end

10

15

20

25

30

35

40

45

50

55

of the valve needle 13 facing the fluid inlet portion 9. A
lower part 29 of the calibration spring 27 is supported by
the upper retainer 25. It could be supported by the valve
needle 13 itself, too.

[0043] An upper part 31 of the calibration spring 27 is
received by the receptacle 35 of a filter assembly 33,
which is press-fitted with the pole piece 27. The recep-
tacle 35 is formed by a circumferential side wall 45 of the
filter assembly 33. This is explained in more detail with
reference to figures 2 to 10. The embodiment shown in
figure 1 is also shown in figure 8.

[0044] During the manufacturing process of the injec-
tion valve 1, the filter assembly 33 can be moved axially
in the valve body 5 in order to preload the calibration
spring 15 in a desired manner. By this the calibration
spring 15 exerts the desired force on the valve needle
13 towards a fluid outlet portion 11 of the injection valve
1. In the closing position of the valve needle 13, a fluid
flow through the fluid outlet portion 11 is prevented.
[0045] To move the valve needle 13 in an opening po-
sition, the solenoid 19 is energized, the magnetic force
on the armature 21 overcomes the force exerted by the
calibration spring 15 and the armature 21 moves up-
wards, taking with it the valve needle 13 by means of the
upper retainer 25. The fluid outlet portion 11 is opened.
[0046] When the solenoid 19 is de-energized, the cal-
ibration spring 15 forces the valve needle 13 downwards
towards the fluid outlet portion 11, until the fluid outlet
portion 11 is closed by the ball 14.

[0047] As can be seen in figure 1, there is a space
above thefilter assembly 33, where according to the state
of the art there would be an adjustment tube preloading
the calibration spring 15. The filter assembly 33 only
reaches a little way above the pole piece 27. Therefore,
the space above the filter assembly 33 can be used to
dissipate pressure waves. Alternatively, the injection
valve 1 could be made shorter.

[0048] Figure 2 shows details of the injection valve 1
according to a first embodiment of the invention. The filter
assembly 33 comprises a filter sleeve 37, which may be
a cylindrical tube and which has a first part 39 near the
fluid inlet portion 11 and a second part 41 further away
from the fluid inlet portion 11. Thus, the second part 41
is arranged downstream from the first part 39. A ledge
47 formed by a protrusion of the sleeve 37 divides the
first part 39 from the second part 41.

[0049] The first part 39 comprises a filter element 43,
which in this embodiment is formed of the upper part of
thefilter sleeve 37 being perforated by a number of laser-
drilled through-holes. In this embodiment, the upper end
of the filter sleeve 37 is closed.

[0050] The second part 41 has a circumferential side
wall 45, which forms a receptacle 35 for the upper part
31 of the calibration spring 15.

[0051] The filter sleeve 37 is press-fitted into a central
opening in the pole piece 27. When mounted, the outside
of the second part 41 is in frictional contact with the inner
surface of the pole piece 27. The area on the outside of
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the second part 41, where there is contact between the
filter sleeve 37 and the pole piece 27, is the first fitting
area 49. Frictional forces operating across this area 49
make a frictional locking connection between the filter
assembly 33 and the pole piece 27.

[0052] When the filter assembly 33 is inserted into the
central openingin the pole piece 27, the calibration spring
15is compressed and thereby preloaded. The calibration
spring 15 is supported by the ledge 47 and received in
and guided by the receptacle 35. Thus, the circumferen-
tial side wall 45 functions as a guide for the calibration
spring 15.

[0053] Figure 3 shows details of the injection valve 1
according to a second embodiment of the invention. This
embodiment differs from the first one only in the kind of
filter element 43 used. According to the second embod-
iment, the filter element 43 has a body part 51 made of
a plastic material and being press-fitted onto a fluid inlet
portion of the filter element 43. The filter element 43 fur-
ther comprises a cap part 53 made of a metal and being
press-fitted onto the first part 39 of the filter sleeve 37.
[0054] Figure 4 shows details of the filter sleeve 37
according to the first and second embodiments. Accord-
ing to these embodiments, the filter sleeve 37 comprises
a circumferential ledge 47 which protrudes from the cir-
cumferential side wall 45 and forms a support for the
calibration spring 15.

[0055] A part of an inner surface of the circumferential
side wall 45 serves as a guide for the calibration spring
15. This surface area, where the calibration spring 15
may be in contact with the circumferential side wall 45,
is called the spring fitting region.

[0056] Figure 5 shows details of an injection valve 1
according to a third embodiment of the invention. This
embodiment differs from the first one shown in figure 2
in that an additional disk 55 is arranged below the ledge
47, covering essentially the entire cross-section of the
filter sleeve 37 and providing a stable support for the
calibration spring 15. The disk 55 has a central opening
which can be better seen from figure 7. The disk has the
advantage that it functions as a throttle for passing fluid,
reducing pressure waves.

[0057] Figure 6 shows details of an injection valve 1
according to a fourth embodiment of the invention. This
embodiment differs from the third only in the kind of filter
element 43 used. According to the fourth embodiment,
a filter element 43 as described above with reference to
figure 3 is used.

[0058] Figure 7 shows a detailed view of the filter
sleeve 37 with the disk 55 according to the third and fourth
embodiments. The diameter of the central opening 59 in
the disk can be chosen according to the desired throttle
effect. Instead of a single central opening, a number of
openings could be used.

[0059] Figure 8 shows details of an injection valve 1
according to a fifth embodiment of the invention. This
embodiment differs from the first and third one shown in
figures 2 and 5 in that a cap 57 is arranged below the
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ledge 47.

[0060] The cap 57 has a disk shaped part 61 which
can be seen in more detail in figure 10 and which essen-
tially corresponds to the disk 55 of the third and fourth
embodiment. The disk shaped part 61 has at least one
opening. It may have one central opening 63 as shown
in figure 10. The disk shaped part 61 divides the first part
39 of the filter sleeve 37 from the second part 41 and
provides a support for the calibration spring 15.

[0061] The cap 57 further comprises a side wall part
65 arranged coaxially with the circumferential side wall
45 of the second part 41. On an inner surface 69 of the
side wall part 65, the cap 57 has a spring fitting region
67 for fastening the calibration spring 15 within the cap
57.

[0062] On an outer surface 71 of the side wall part 65,
a cap fitting region 73 for press-fitting the cap 57 into the
filter sleeve 37 is defined as the area where frictional
forces operate to form a frictional locking connection be-
tween the cap 57 and the filter sleeve 37, when the cap
57 is press-fitted into the filter sleeve 37. Alternatively,
the cap 57 could be welded to the filter sleeve 37.
[0063] Figure 9 shows details of an injection valve 1
according to a sixth embodiment of the invention. This
embodiment differs from the fifth only in the kind of filter
element 43 used. According to the sixth embodiment, a
filter element 43 as described above with reference to
figures 3 and 6 is used.

Claims

1. Filter assembly (33) for a fluid injection valve (1), the
filter assembly (33) having a fluid inlet portion and a
fluid outlet portion, wherein at least one flow path for
fluid flow with a flow direction is formed between the
fluid inlet portion and the fluid outlet portion, the filter
assembly (33) comprising a filter sleeve (37) having
a first part (39) and a second part (41), the first part
(39) comprising a filter element (43) and the second
part (41) being arranged downstream of the first part
(39) with respect to the flow direction and forming a
receptacle (35) for an upper part (31) of a calibration
spring (15) of the fluid injection valve (1), wherein a
circumferential side wall (45) of the receptacle (35)
is arranged to surround the upper part (31) of the
calibration spring (15).

2. Filter assembly (33) according to claim 1,
wherein the receptacle (35) comprises a ledge (47)
for supporting the calibration spring (15), the ledge
(47) protruding from the circumferential side wall (45)
and dividing the first part (39) from the second part
(41).

3. Filter assembly (33) according to claim 1 or 2,
wherein the second part (41) of the filter sleeve (37)
has, on an outer surface of the circumferential side
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wall (45), a first fitting area (49) for press-fitting the
filter assembly (33) into a fuel injector (1).

Filter assembly (33) according to any of claims 1 to 3,
wherein the filter sleeve (37) is made in one piece.

Filter assembly (33) according to any of claims 1 to
4, wherein a disk (55) having at least one opening
(59) is arranged in the filter sleeve (37) dividing the
first part (39) from the second part (41) and providing
a support for the calibration spring (15).

Filter assembly (33) according to any of claims 1t0 5,
wherein the second part (41) of the filter sleeve (37)
has, on an inner surface of the circumferential side
wall (45), a spring fitting region for fastening the cal-
ibration spring (15) within the filter sleeve (37).

Filter assembly (33) according to any of claims 1 to 4,
wherein a cap is arranged in the filter sleeve, the cap
having

- a side wall part arranged coaxially with the cir-
cumferential side wall of the second part and

- a disk shaped part with at least one opening,
the disk shaped part dividing the first part of the
filter sleeve from the second part and providing
a support for the calibration spring.

Filter assembly (33) according to claim 7,

wherein the cap (57) has, on an inner surface (69)
of the side wall part (65), a spring fitting region (67)
for fastening a calibration spring (15) within the cap
(57).

Filter assembly (33) according to claim 7 or 8,
wherein the cap (57) has, on an outer surface (71)
of the side wall part (65), a cap fitting region (73) for
joining the cap (57) to the filter sleeve (37).

Filter assembly (33) according to any of claims 1t0 9,
wherein the filter element (43) comprises

- a body part (51) being joined to the first part
(39) of the filter sleeve (37) and

- a cap part (53) comprising a metal and being
joined to a fluid inlet portion of the filter element
(43).

Filter assembly (33) according to any of claims 1t0 9,
wherein the filter element (43) is formed by the first
part (39) of the filter sleeve (37) comprising a number
of through-holes forming the fluid inlet portion of the
filter assembly (33).

Filter assembly (33) according to any of claims 1 to
10,
wherein thefilter sleeve (37) and/orthe cap (57) com-
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13.

14.

15.

10

prises steel and/or a copper alloy and is made by
deep-drawing.

Valve assembly (3) for an injection valve (1), com-
prising

- a valve body (5) comprising a cavity (7) with a
fluid inlet portion (9) and a fluid outlet portion
(11),

-avalve needle (13) axially moveable in the cav-
ity (7), the valve needle (13) preventing a fluid
flow through the fluid outlet portion (11) in a clos-
ing position and releasing the fluid flow through
the fluid outlet (11) portion in further positions,

the valve assembly (3) further comprising

- afilterassembly (33) according to any of claims
1to 12 and

- a preloaded calibration spring (15) for biasing
the valve needle (13), the calibration spring (15)
having a lower part (29) which is allocated near
one end of the valve needle (13) and an upper
part (31) which is allocated at a distance from
the needle (13), the upper part (31) being re-
ceived by the receptacle (35).

Valve assembly (3) according to claim 13,

wherein the filter assembly (33) is press-fitted into a
central opening of a pole piece (27) of the valve as-
sembly (3), the first fitting area (49) of the second
part (41) of the filter sleeve (37) being in contact with
the pole piece (27).

Fluid injection valve (1) with a valve assembly (3)
according to claim 13 or 14.
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