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(57) Abstract: The invention relates to a valve assembly
FIG 2 (11) for an injection valve (10), comprising a valve body
(14) including a central longitudinal axis (L), the valve

body (14) comprising a cavity (18) with a fluid inlet por-
: tion (42) and a fluid outlet portion (40), a valve needle
26 } (20) axially movable in the cavity (18), the valve needle
i (20) preventing a fluid flow through the fluid outlet por-
i tion (40) in a closing position and releasing the fluid flow
/ ' 36
42

—

through the fluid outlet portion (40) in further positions,
i the valve needle (20) comprising a ring element (23) ex-
<] - 24 16 tending in radial direction and being arranged at an axial
end (21) of the valve needle (20) facing away from the
fluid outlet portion (40), and an electro-magnetic actuator
<~ 23 unit (36) being designed to actuate the valve needle (20).
N The electro-magnetic actuator unit (36) comprises an ar-
mature (22) axially movable in the cavity (18). The arma-
ture (22) comprises a recess (28) taking up the ring ele-
ment (23) and a protrusion (29) extending into the recess
(28) in radial direction. A spring element (46) is arranged
in the recess (28) axially between the ring element (23)
and the protrusion (29) of the armature (22).

2114




10

15

20

25

30

WO 2011/069793 PCT/EP2010/067723

Description

Valve assembly for an injection valve and injection valve

The invention relates to a valve assembly for an injection

valve and an injection wvalve.

Injection valves are in wide spread use, in particular for
internal combustion engines where they may be arranged in or-
der to dose the fluid into an intake manifold of the internal
combustion engine or directly into the combustion chamber of

a cylinder of the internal combustion engine.

Injection valves are manufactured in various forms in order
to satisfy the various needs for the various combustion en-
gines. Therefore, for example, their length, their diameter
and also various elements of the injection valve being re-
sponsible for the way the fluid is dosed may vary in a wide
range. In addition to that, injection valves may accommodate
an actuator for actuating a needle of the injection valve,
which may, for example, be an electromagnetic actuator or

piezo electric actuator.

In order to enhance the combustion process in view of the
creation of unwanted emissions, the respective injection
valve may be suited to dose fluids under very high pressures.
The pressures may be in case of a gasoline engine, for exam-
ple, in the range of up to 200 bar and in the case of diesel

engines in the range of up to 2000 bar.

The object of the invention is to create a valve assembly

which facilitates a reliable and precise function.
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These objects are achieved by the features of the independent
claim. Advantageous embodiments of the invention are given in

the sub-claims.

The invention is distinguished by a valve assembly for an in-
jection 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 pre-
venting 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 needle
comprising a ring element extending in radial direction and
being arranged at an axial end of the valve needle facing
away from the fluid outlet portion, and an electro-magnetic
actuator unit being designed to actuate the valve needle. The
electro-magnetic actuator unit comprises an armature axially
movable in the cavity. The armature comprises a recess taking
up the ring element. The armature comprises a protrusion ex-
tending into the recess in radial direction. A spring element
is arranged in the recess axially between the ring element

and the protrusion of the armature.

The spring element is designed to partially decouple the

valve needle from the armature.

This has the advantage that the armature acts on the valve
needle via the spring element so that the movement of the
valve needle may be slightly delayed relative to the arma-
ture. By this the dynamic behavior of the valve needle is
dampened compared to the dynamic behavior of a valve needle
which is directly coupled to the armature. Consequently,
wearing effects on the valve needle and/or on the armature in

the contact area between the valve needle and/or the armature
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may be kept small. Consequently, a good long term contact be-
tween the valve needle and the armature may be obtained and a
static flow drift caused by the wearing effects may be kept
small. Furthermore, in the long term a reliable transmission
0of the energy from the armature to the valve needle may be

obtained.

In an advantageous embodiment the spring element is a coil
spring. This has the advantage that a simple shape of the
spring element and a low cost solution is possible. Further-
more, a secure arrangement of the spring element in the re-

cess of the armature may be obtained.

In a further advantageous embodiment an armature support
spring is arranged in the cavity axially between a step of
the valve body and the armature. This has the advantage that

the armature may be supported referring to the valve needle.

In a further advantageous embodiment the armature support
spring is a coil spring. This has the advantage that a simple
shape of the armature support spring and a low cost solution
is possible. Furthermore, a secure arrangement of the arma-
ture support spring in the cavity of the valve body may be

obtained.

Exemplary embodiments of the invention are explained in the
following with the aid of schematic drawings. These are as

follows:

Figure 1 an injection valve with a valve assembly in a lon-

gitudinal section view, and

Figure 2 an enlarged view of a section of an electro-

magnetic actuator unit of the valve assembly.
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Elements of the same design and function that appear in dif-
ferent illustrations are identified by the same reference

character.

An injection valve 10 that is in particular suitable for dos-
ing fuel to an internal combustion engine comprises in par-

ticular a valve assembly 11 and an inlet tube 12.

The valve assembly 11 comprises a valve body 14 with a cen-
tral longitudinal axis L. The valve assembly 11 has a housing
16 which is partially arranged around the valve body 14. A

cavity 18 is arranged in the valve body 14.

The cavity 18 takes in a valve needle 20 and an armature 22.
The valve needle 20 is axially movable in the cavity 18. At
an axial end 21 of the valve needle 20 the valve needle com-
prises a ring element 23. The ring element 23 is formed as a
collar around the axial end 21 of the valve needle 20. The
ring element 23 is fixedly coupled to the axial end 21 of the
valve needle 20. The armature 22 is axially movable in the

cavity 18.

A calibration spring 24 is arranged in a recess 26 which is
provided in the inlet tube 12. The calibration spring 24 is
mechanically coupled to the ring element 23. The ring element

23 forms a first seat for the calibration spring 24

The armature 22 has a recess 28. The valve needle 20 with the
ring element 23 is in contact with an inner surface of the
armature 22 and can guide the valve needle 20 in axial direc-

tion in the recess 28 of the armature 22.
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The armature 22 has a protrusion 29 which extends in radial
direction into the recess 28. Preferably, the protrusion 29
is shaped as a ring element. The protrusion 29 overlaps with

the ring element 23 in axial direction.

A filter element 30 is arranged in the inlet tube 12 and
forms a further seat for the calibration spring 24. During
the manufacturing process of the injection valve 10 the fil-
ter element 30 can be axially moved into the inlet tube 12 in
order to preload the calibration spring 24 in a desired man-
ner. By this the calibration spring 24 exerts a force on the
valve needle 20 towards an injection nozzle 34 of the injec-

tion valve 10.

In a closing position of the valve needle 20 it sealingly
rests on a seat plate 32 by this preventing a fluid flow
through the at least one injection nozzle 34. The injection
nozzle 34 may be, for example, an injection hole. Adjacent to
the seat plate 32 a lower guide 35 is provided which is
adapted to guide the valve needle 20 near the injection noz-

zle 34.

The valve assembly 11 is provided with an actuator unit 36
that is preferably an electro-magnetic actuator. The electro-
magnetic actuator unit 36 comprises a coil 38, which is pre-
ferably arranged inside the housing 16 and overmolded. Fur-
thermore, the electro-magnetic actuator unit 36 comprises the
armature 22. The valve body 14, the housing 16, the inlet
tube 12 and the armature 22 are forming an electromagnetic

circuit.

A fluid outlet portion 40 is a part of the cavity 18 near the

seat plate 32. The fluid outlet portion 40 communicates with
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a fluid inlet portion 42 which is provided in the valve body
14.

Inside the valve body 14 a step 44 is arranged in the valve

body 14.

In the recess 28 of the armature 22 a spring element 46 is
arranged axially between the ring element 23 and the protru-
sion 29 of the armature 22. The spring element 46 enables a
transmission of forces between the protrusion 29 of the arma-
ture 22 and the ring element 23. Preferably, the spring ele-
ment 46 has a high stiffness. This enables an exact transmis-
sion of the movement of the armature 22 to the valve needle
20 with a small delay of the movement of the valve needle 20.
The dampening effect of the spring element 46 enables that
the wearing effects on the armature 22 and/or on the valve
needle 20 may be kept small during the opening or closing

process of the valve needle 20.

An armature support spring 48 is arranged in the cavity 18
axially between the step 44 of the valve body 14 and the ar-
mature 22. Preferably, the armature support spring 48 is a
coil spring. The armature support spring 48 is supported by
the step 44 in the valve body 14. The armature support spring

48 may form a soft support element for the armature 22.

In the following, the function of the injection valve 10 is

described in detail:

The fluid is led through the filter element 30 in the recess
26 to the fluid inlet portion 42. Subsequently, the fluid is
led towards the fluid outlet portion 40.
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The valve needle 20 prevents a fluid flow through the fluid
outlet portion 40 in the valve body 14 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.

In the case when the electro-magnetic actuator unit 36 with
the coil 38 gets energized the actuator unit 36 may affect 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 direction away from the fluid out-
let portion 40. The armature 22 takes the valve needle 20
with it via the spring element 46. Consequently, the valve
needle 20 moves in axial direction out of the closing posi-
tion. Outside of the closing position of the valve needle 20
the gap between the valve body 14 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.

In the case when the actuator unit 36 is de-energized the ca-
libration spring 24 can force the valve needle 20 to move in
axial direction in its closing position. It is depending on
the force balance between the force on the valve needle 20
caused by the actuator unit 36 with the coil 38 and the force
on the valve needle 20 caused by the calibration spring 24
whether the valve needle 20 is in its closing position or

not.

Due to the spring element 46 a reliable transmission of the

movement of the armature 22 to the valve needle 20 can be ob-
tained. The high stiffness of the spring element 46 makes it
possible that only a small delay of the movement of the valve

needle 20 relative to the armature 22 may be obtained. The
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dynamic behavior of the valve needle 20 is dampened compared
to the dynamic behavior of a valve needle 20 which is coupled
to the armature 22 in a direct manner without the spring ele-
ment 46 in-between. Therefore, the wearing effects on the ar-
mature 22 and/or the valve needle 20 in the contact area be-
tween the valve needle 20 and/or the armature 22 may be kept
small during the opening or closing of the valve needle 20.
Consequently, a good long term contact between the wvalve
needle 20 and the armature 22 may be obtained. In the long
term a static flow drift caused by the wearing effects may be
kept small and a reliable transmission of the energy from the

armature 22 to the valve needle 20 may be obtained.
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9
Claims
1. Valve assembly (11) for an injection wvalve (10), com-
prising

- a valve body (14) including a central longitudinal axis
(L), the valve body (14) 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) preventing a fluid flow through
the fluid outlet portion (40) in a closing position and
releasing the fluid flow through the fluid outlet por-
tion (40) in further positions, the valve needle (20)
comprising a ring element (23) extending in radial di-
rection and being arranged at an axial end (21) of the
valve needle (20) facing away from the fluid outlet por-
tion (40), and

- an electro-magnetic actuator unit (36) being designed to
actuate the valve needle (20), the electro-magnetic ac-
tuator unit (36) comprising an armature (22) axially
movable in the cavity (18), the armature (22) comprising
a recess (28) taking up the ring element (23) and the
armature (22) comprising a protrusion (29) extending in-
to the recess (28) in radial direction,
wherein a spring element (46) is arranged in the recess
(28) axially between the ring element (23) and the pro-

trusion (29) of the armature (22).

2. Valve assembly (11) according to claim 1, wherein the

spring element (46) is a coil spring.

3. Valve assembly (1) according to claim 1 or 2, wherein an

armature support spring (48) is arranged in the cavity
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(18) axially between a step (44) of the valve body (14)

and the armature (22).

4., Valve assembly (11) according to claim 3, wherein the
5 armature support spring (46) is a coil spring.
5. Injection valve (10) with a valve assembly (11) accord-

ing to one of the preceding claims.

10
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