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(57)  The invention relates to a valve assembly (11)
for an injection valve (10), comprising a valve body (12)
including a central longitudinal axis (L), the valve body
(12) comprising a cavity (18) with a fluid inlet portion (42)
and a fluid outlet portion (40), a valve needle (20) axially
movable in the cavity (18), the valve needle (20) prevent-
ing a fluid flow through the fluid outlet portion (40) in a

Valve assembly for an injection valve and injection valve

closing position and releasing the fluid flow through the
fluid outlet portion (40) in further positions, and an electro-
magnetic actuator unit (36). The electro-magnetic actu-
ator unit (36) is designed to actuate the valve needle (20).
The electro-magnetic actuator unit (36) comprises a pole
piece (37) and an armature (22), comprising at least one
aperture (48) extending from the first axial end (24a) to
the second axial end (24b) of the armature (22).
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Description

[0001] The invention relates to a valve assembly for
an injection valve and an injection valve.

[0002] Injection valves are in wide spread use, in par-
ticular for internal combustion engines where they may
be arranged in order to dose the fluid into an intake man-
ifold of the internal combustion engine or directly into the
combustion chamber of a cylinder of the internal com-
bustion engine.

[0003] Injection valves are manufactured in various
forms in order to satisfy the various needs for the various
combustion engines. Therefore, for example, their
length, their diameter and also various elements of the
injection valve being responsible for the way the fluid is
dosed may vary in a wide range. In addition to that, in-
jection valves may accommodate an actuator for actuat-
ing a needle of the injection valve, which may, for exam-
ple, be an electromagnetic actuator or a piezo electric
actuator.

[0004] In order to enhance the combustion process in
view of the creation of unwanted emissions, the respec-
tive injection valve may be suited to dose fluids under
very high pressures. The pressures may be in case of a
gasoline engine, for example, in the range of up to 200
bar and in the case of diesel engines in the range of more
than 2000 bar.

[0005] DE 102 57 896 A1 discloses a valve stem for a
fuel injector being an elongated circular-section rod. The
armature is mounted near the top and is circular, with a
through-passage for fuel flowing toward the valve at the
nozzle tip.

[0006] DE 199 50 761 A1 discloses a fuel injection
valve which has a valve needle that interacts with a valve
seat surface and an armature movably guided on the
valve needle. The armature contains at least one fuel
channel.

[0007] DE 199 27 900 A1 discloses a fuel injection
valve which has a magnetic coil for controlling an arma-
ture, coupled to the valve closure element via a valve
needle.

[0008] DE 198 49 210 A1 discloses a fuel injection
valve which has a magnetic coil acting on an armature
in a lifting direction against a restoring spring and a valve
needle connected to a valve closure body.

[0009] The object of the invention is to create a valve
assembly which facilitates areliable and precise function.
[0010] The object of the invention is to create a valve
assembly for an injection valve and an injection valve
which are simply to be manufactured and which facilitate
a reliable and precise function of the injection valve.
[0011] According to a first aspect the invention is dis-
tinguished by a valve assembly for an injection valve,
comprising a valve body including a central longitudinal
axis, the valve body comprising a cavity with a fluid inlet
portion and a fluid outlet portion, a valve needle axially
movable in the cavity, the valve needle preventing a fluid
flow through the fluid outlet portion in a closing position
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and releasing the fluid flow through the fluid outlet portion
in further positions, and an electro-magnetic actuator unit
being designed to actuate the valve needle. The electro-
magnetic actuator unit comprises a pole piece and an
armature, the armature being axially movable in the cav-
ity, the pole piece comprising a stop surface facing the
armature and being designed to limit an axial movement
of the armature relative to the pole piece. The armature
has a first axial end facing the stop surface of the pole
piece and a second axial end facing the fluid outlet por-
tion. The armature comprises at least one aperture ex-
tending from the first axial end to the second axial end
of the armature. At the first axial end of the armature the
at least one aperture is in complete overlap with the stop
surface of the pole piece.

[0012] This has the advantage that an entrance of fluid
between the armature and the pole piece may be ob-
tained easily. Consequently, fluid may be pressed
against the pole piece to facilitate the release of the ar-
mature from the pole piece during the closing of the valve
assembly. Therefore, a sticking effect between the sur-
faces of the armature and the pole piece may be avoided.
Consequently, a force to release the armature from the
pole piece may be kept small. Consequently, the closing
time of the valve assembly may be small. Consequently,
the valve assembly may be operated very fast. Further-
more, due to the small force to release the armature from
the pole piece the maximum of the pressure needed for
operating the valve assembly - in particular for moving
the armature away from the pole piece - may be kept
small.

[0013] In an advantageous embodiment the at least
one aperture has a cylindrical shape and is extending in
axial direction. This has the advantage that the armature
and the valve assembly can be manufactured in a simple
manner.

[0014] According to a second aspect the invention is
distinguished by an injection valve with a valve assembly
according to the first aspect of the invention.

[0015] Exemplary embodiments of the invention are
explained in the following with the aid of schematic draw-
ings. These are as follows:

Figure 1,  an injection valve with a valve assembly in
a longitudinal section view, and

Figure 2, an enlarged view of the valve assembly in
a section Il of Figure 1 in a longitudinal sec-
tion view.

[0016] Elements of the same design and function that

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

[0017] Figure 1 shows an injection valve 10 that is in
particular suitable for dosing fuel to an internal combus-
tion engine and which comprises in particular a valve
assembly 11. The valve assembly 11 comprises a valve
body 12 with a central longitudinal axis L. The valve as-
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sembly 11 comprises an inlet tube 14. The inlet tube 14
is fixedly coupled to the valve body 12. A housing 16 is
partially arranged around the valve body 12. A cavity 18
is arranged in the valve body 12. The cavity 18 takes in
avalve needle 20. The valve needle 20 is hollow and has
arecess 21 which is arranged in direction of the central
longitudinal axis L over a portion of the axial length of the
valve needle 20 or over the whole axial length of the valve
needle 20.

[0018] The cavity 18 of the valve body 12, the recess
21 of the valve needle 20 and channels between the cav-
ity 18 of the valve body 12 and the recess 21 of the valve
needle 20 are parts of a main fluid line F_M.

[0019] The valve assembly 11 comprises an armature
22 and a retainer 23. The armature 22 is separate from
the retainer 23. The armature 22 is axially movable in the
cavity 18. The retainer 23 is formed as a collar around
the valve needle 20 and can guide the valve needle 20
in axial direction inside the inlet tube 14.

[0020] In the present embodiment, the armature 22 is
separate from the valve needle 20 and is axially movable
relative to the valve needle 20. However, it is also con-
cievable that the armature 22 is rigidly connected to the
valve needle 20 so that the armature 22 and the needle
20 are prevented from relative axial movement with re-
spect to each other. In this case, the retainer 23 and the
armature 22 may be also formed as one piece.

[0021] A recess 26 is provided in the inlet tube 14. A
main spring 28 is arranged in the recess 26 of the inlet
tube 14. The main spring 28 is mechanically coupled to
the retainer 23. The retainer 23 forms a first seat for the
main spring 28.

[0022] A filter element 30 is arranged in the inlet tube
14 and forms afurther seat for the main spring 28. During
the manufacturing process of the injection valve 10 the
filter element 30 can be moved axially in the inlet tube
14 in order to preload the main spring 28 in a desired
manner. By this the main spring 28 exerts a force on the
valve needle 20 towards an injection nozzle 34 of the
injection valve 10.

[0023] In a closing position of the valve needle 20, it
sealingly rests on a seat plate 32 thereby preventing a
fluid flow through the at least one injection nozzle 34.
The injection nozzle 34 may be, for example, an injection
hole. However, it may also be of some other type suitable
for dosing fluid.

[0024] The valve assembly 11 is provided with an ac-
tuator unit 36 that is preferably an electro-magnetic ac-
tuator. The electro-magnetic actuator unit 36 comprises
a pole piece 37 and a coil 38. The pole piece 37 is fixedly
coupled to the valve body 12. The pole piece 37 has a
stop surface 39 which faces the armature 22. The stop
surface 39 may limit an axial movement of the armature
22 relative to the pole piece 37. The coil 38 is preferably
arranged inside the housing 16. Furthermore, the electro-
magnetic actuator unit 36 comprises the armature 22.
The housing 16, the pole piece 37, parts of the valve
body 12 and the armature 22 are forming an electromag-
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netic circuit.

[0025] The cavity 18 comprises a fluid outlet portion
40 which is arranged near the seat plate 32. The fluid
outlet portion 40 communicates with a fluid inlet portion
42 which is provided in the valve body 12.

[0026] A step 44 is arranged in the valve body 12. For
example, the cavity 18 of the valve body 12 has a shape
comprising a step. An armature spring 46 - which is pref-
erably a coil spring - is fixedly coupled to the step 44 in
the valve body 12. The step 44 and the armature spring
46 form a stop element for the armature 22.

[0027] The armature 22 has a first axial end 24a which
faces the stop surface 39. Furthermore, the armature 22
has a second axial end 24b which faces the fluid outlet
portion 40.

[0028] At least one aperture 48 is arranged in the ar-
mature 22. Preferably, the armature 22 has a plurality of
apertures 48. The apertures 48 extend from the first axial
end 24a to the second axial end 24b of the armature 22.
The apertures 48 are designed as through holes. Pref-
erably, the apertures 48 have a cylindrical shape and are
extending in axial direction. The apertures 48 are hydrau-
lically coupling the stop surface 39 of the pole piece 37
with the fluid outlet portion 40. The apertures 48 are in
complete overlap with the stop surface 39 of the pole
piece 37 at the first axial end 24a of the armature 22.
[0029] In the following, the function of the injection
valve 10 is described in detail:

The fluid is led from the fluid inlet portion 42 towards
the fluid outlet portion 40.

[0030] The valve needle 20 prevents a fluid flow
through the fluid outlet portion 40 in the valve body 12 in
a closing position of the valve needle 20. Outside of the
closing position of the valve needle 20, the valve needle
20 enables the fluid flow through the fluid outlet portion
40.

[0031] Inthe case when the electro-magnetic actuator
unit 36 with the coil 38 gets energized the actuator unit
36 may effect an electro-magnetic force on the armature
22. The armature 22 is attracted by the electro-magnetic
actuator unit 36 with the coil 38 and moves in axial direc-
tion away from the fluid outlet portion 40. The armature
22 takes the valve needle 20 with it so that the valve
needle 20 moves in axial direction out of the closing po-
sition. Outside of the closing position of the valve needle
20 fluid can flow via the main fluid line F_M from the fluid
inlet portion 42 to the recess 21 of the valve needle 20,
further through the channels between the recess 21 of
the valve needle 20 and the cavity 18 of the valve body
12 to the fluid outlet portion 40. The gap between the
valve body 12 and the valve needle 20 at the axial end
of the injection valve 10 facing away from of the actuator
unit 36 forms a fluid path and fluid can pass through the
injection nozzle 34.

[0032] In the case when the actuator unit 36 is de-en-
ergized the main spring 28 can force the retainer 23 and
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the valve needle 20 to move in axial direction until the
closing position of the valve needle 20 is reached. It is
depending on the force balance between the force on
the valve needle 20 caused by the actuator unit 36 and
the force on the valve needle 20 caused by the main
spring 28 whether the valve needle 20 is in its closing
position or not.

[0033] Due to the apertures 48 in the armature 22 fluid
may be pressed against the pole piece 37 viaan armature
fluid line F_A (Figure 2). Sticking between the armature
22 and the pole piece 37 may be avoided and the force
to release the armature 22 from the pole piece 37 may
be keptsmall. Consequently, the armature 22 is released
from the pole piece 37 during the closing process of the
valve assembly 11 in an easy manner. The armature 22
may move axially in direction to the fluid outlet portion 40
thereby enabling the valve needle 20 to reach its closing
position. Consequently, a small closing time of the valve
assembly 11 may be achieved.

[0034] Due to the advantageous dynamic of the valve
assembly 11 pressure fluctuations in the fluid outlet por-
tion 40 and mass flow fluctuations of the fluid may be
kept small. Consequently, the fluid spray leaving the fluid
outlet portion 40 via the injection nozzle 34 may have a
high stability.

Claims

1. Valve assembly (11) for an injection valve (10), com-
prising

- a valve body (12) including a central longitudi-
nal axis (L), the valve body (12) comprising a
cavity (18) with a fluid inlet portion (42) and a
fluid outlet portion (40),

-avalve needle (20) axially movablein the cavity
(18), the valve needle (20) preventing afluid flow
through the fluid outlet portion (40) in a closing
position and releasing the fluid flow through the
fluid outlet portion (40) in further positions, and
- an electro-magnetic actuator unit (36) being
designed to actuate the valve needle (20), the
electro-magnetic actuator unit (36) comprising
a pole piece (37) and an armature (22), the ar-
mature (22) being axially movable in the cavity
(18), the pole piece (37) comprising a stop sur-
face (39) facing the armature (22) and being de-
signed to limit an axial movement of the arma-
ture (22) relative to the pole piece (37), the ar-
mature (22) having a first axial end (24a) facing
the stop surface (39) of the pole piece (37) and
a second axial end (24b) facing the fluid outlet
portion (40),

wherein the armature (22) comprises at least
one aperture (48) extending from the first axial
end (24a) to the second axial end (24b) of the
armature (22), and at the first axial end (24a) of
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the armature (22) the at least one aperture (48)
is in complete overlap with the stop surface (39)
of the pole piece (37).

Valve assembly (11) according to claim 1, wherein
the atleast one aperture (48) has a cylindrical shape
and is extending in axial direction.

Injection valve (10) with a valve assembly (11) ac-
cording to one of the preceding claims.
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