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(54) VALVE ASSEMBLY AND FUEL INJECTION VALVE

(57) A valve assembly (3) for an injection valve (1)
is disclosed. It comprises a valve body (4), a valve needle
(11) axially moveable in a cavity (9) of the valve body (4)
and an armature (21) to actuate the valve needle (11).
The valve needle (11) comprises a first engagement area
(47) and the armature (23) comprises a second engage-
ment area (49) for coupling the armature (23) and the
needle (11) when the armature (23) travels upwards and

being spaced apart from each other in the closing position
of the valve needle (11) . An armature retainer (43) is
fixedly coupled to the valve needle (11) below the arma-
ture (23). A spring element (18) is in direct contact with
an upper side (33) of the armature (23) and acts on the
valve needle (11) by way of the armature retainer (43) to
bias the valve needle (11) towards the fluid outlet portion
(7).
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Description

[0001] The present invention relates to a valve assem-
bly for an injection valve and to an injection valve, e.g. a
fuel injection valve of a vehicle. It particularly relates to
solenoid injection valves.
[0002] Such injection valves must be able to dose fluids
even in the case of high fuel pressure. One design to
ensure this is the "free-lift" design. According to this de-
sign, the armature of the electro-magnetic actuator unit
travels about a "pre-stroke gap" before it engages the
needle to open the injector. Thus, kinetic energy is ac-
cumulated before the actual opening.
[0003] Sometimes, injection valves according to the
"free-lift" design comprise a disc-shaped element, some-
times called "hydro-disc", which is arranged in an axial
region of the valve needle facing towards the fluid outlet
portion and fixedly connected to the valve needle.
[0004] Injection valves according to the "free-lift" de-
sign usually comprise at least two springs: The calibration
spring acting on the valve needle, which biases the valve
needle towards the fluid outlet portion, and a second
spring, sometimes called "armature spring" or "free-lift
spring", which acts on the armature and couples the ar-
mature to the needle by biasing the armature towards a
retaining element of the needle.
[0005] This design is rather complicated and involves
a high number of parts, resulting in high costs, high weight
of the injector and an elaborate assembly process.
[0006] Therefore, it is an object of the present invention
to provide an improved valve assembly according to the
"free-lift" design, in particular by reducing the number of
parts needed.
[0007] This object is achieved by means of a valve as-
sembly according to claim 1.
[0008] Advantageous embodiments and develop-
ments are specified in the dependent claims, the follow-
ing description and the drawings.
[0009] According to one aspect of the invention, a valve
assembly for an injection valve is provided comprising a
valve body with a central longitudinal axis comprising a
cavity with a fluid inlet portion and a fluid outlet portion.
The valve assembly further comprises a valve needle
axially moveable in the cavity, the valve needle prevent-
ing a fluid flow through the fluid outlet portion in a closing
position and releasing the fluid flow through the fluid out-
let portion in further positions.
[0010] Furthermore, the valve assembly comprises an
armature of an electro-magnetic actuator unit being op-
erable to actuate the valve needle. The armature is axially
displaceable relative to the valve body and has an axial
play with respect to the valve needle. The valve needle
comprises a first engagement area and the armature
comprises a second engagement area, the first engage-
ment area and the second engagement area being able
to provide a coupling - in particular a form-fit coupling by
direct mechanical contact between the first and second
engagement areas - between the armature and the nee-

dle, when the armature travels upwards. The first en-
gagement area and the second engagement area are
spaced apart from each other in the closing position of
the valve needle. "Upwards" is understood to mean the
direction towards the fluid inlet portion in the context of
the present disclosure, "downwards" the direction to-
wards the fluid outlet portion.
[0011] The valve assembly further comprises an arma-
ture retainer being fixedly coupled to the valve needle
below the armature and a spring element biasing the
valve needle towards the fluid outlet portion, the spring
element being in direct contact with an upper side of the
armature and acting on the valve needle by way of the
armature retainer.
[0012] By the armature retainer being fixedly coupled
to the valve needle below the armature it is understood
that the armature retainer is fixed to the needle on the
side of the armature facing towards the fluid outlet por-
tion.
[0013] The upper side of the armature is defined as
the side facing towards the fluid inlet portion.
[0014] The valve assembly according to the present
invention has the advantage that only one spring is need-
ed to bias the valve needle towards the fluid outlet portion
and to couple the armature to the needle. In particular,
the spring element is precompressed to bias the valve
needle towards the closing position and, at the same
time, open an axial gap between the first and second
engagement areas by pressing the armature against the
armature retainer when the electro-magnetic actuator is
de-energized.
[0015] According to an embodiment, the valve needle
comprises an annular protrusion on its upper end, the
protrusion having an annular lower side facing towards
the fluid outlet portion, the annular lower side providing
the first engagement area. In this case, the armature re-
tainer may also be denoted as a lower retainer and the
annular protrusion as an upper retainer. The upper re-
tainer and the lower retainer are located on opposite
sides in axial direction of the armature. The upper retainer
and the lower retainer are distanced such that the arma-
ture has an axial play between the upper retainer and
the lower retainer. In some embodiments, the annular
protrusion is in one piece with a shaft of the valve needle.
In other embodiments, it is a separate piece which is fixed
to the shaft.
[0016] In one development, the armature has an at
least generally flat upper side comprising an annular por-
tion providing the second engagement area. In another
development, the armature comprises an annular recess
in its upper side, the recess having an annular base area
facing towards the fluid inlet portion, the annular base
area providing the second engagement area.
[0017] According to the latter development, the protru-
sion of the needle fits into the recess of the armature.
The annular portion or the annular base area, respec-
tively, provide a form-fit coupling of the armature and the
needle, when the free-lift gap is closed. When the free-
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lift gap is closed, the first engagement area comes into
contact with the second engagement area and the force
of the armature traveling upwards acts on the valve nee-
dle across the engagement area, taking the needle up-
wards and thereby opening the valve.
[0018] This has the advantage, that the design of the
components providing the engagement is very simple
and robust.
[0019] According to an embodiment, the armature re-
tainer is disc-shaped. A disc-shaped armature retainer
is sometimes known as a "hydro-disc" and can prevent
or at least largely reduce bouncing of the needle: The
disc-shaped element limits the movement of the arma-
ture relative to the valve needle, and, when the valve
needle is in the closing position, also relative to the valve
body in direction towards the fluid outlet portion and
therefore functions as an armature stop. Furthermore, it
operates to dissipate kinetic energy of the armature dur-
ing the closing-phase of the valve, because fluid is
squeezed through the gap between the armature and the
disc-shaped element. Thus, the disc-shaped element
helps to reduce bouncing of the needle and post-injec-
tions.
[0020] According to an embodiment, a lower end of the
spring element is supported by the upper side of the ar-
mature, while an upper end of the spring element is sup-
ported by a calibration tube. The calcibration tube may
comprise a filter. Thus, a preload of the spring can be
adjusted during assembly by inserting the calibration
tube, which also serves to filter incoming fuel.
[0021] According to an aspect of the present invention,
a fuel injection valve comprising the valve assembly is
provided. The injection valve has the advantages de-
scribed in connection with the valve assembly.
[0022] Further advantages, advantageous embodi-
ments and developments of the valve assembly will be-
come apparent from the exemplary embodiments which
are described below in association with the schematic
figures.

Figure 1 shows a sectional view of an injection valve
with a valve assembly according to one em-
bodiment of the invention and

Figure 2 shows a detail of figure 1.

[0023] Figure 1 shows an injection valve 1 that is in
particular suitable for dosing fuel to an internal combus-
tion engine. The injection valve 1 comprises in particular
a valve assembly 3. The valve assembly 3 comprises a
valve body 4 with a central longitudinal axis L. A housing
6 is partially arranged around the valve body 4 .
[0024] The valve body 4 comprises a cavity 9. The cav-
ity 9 has a fluid outlet portion 7. The fluid outlet portion 7
communicates with a fluid inlet portion 5 which is provided
in the valve body 4. The fluid inlet portion 5 and the fluid
outlet portion 7 are in particular positioned at opposite
axial ends of the valve body 4. The cavity 9 takes in a

valve needle 11. The valve needle 11 comprises a needle
shaft 15 and a sealing ball 13 welded to the tip of the
needle shaft 15.
[0025] In a closing position of the valve needle 11, it
sealingly rests on a seat plate 17 having at least one
injection nozzle. A preloaded calibration spring 18 exerts
a force on the needle 11 towards the closing position.
The fluid outlet portion 7 is arranged near the seat plate
17.
[0026] In the closing position of the valve needle 11, a
fluid flow through the at least one injection nozzle is pre-
vented. The injection nozzle may be, for example, an
injection hole. However, it may also be of some other
type suitable for dosing fluid.
[0027] The valve assembly 3 is provided with an elec-
tro-magnetic actuator unit 19. The electro-magnetic ac-
tuator unit 19 comprises a coil 21, which is preferably
arranged inside the housing 6. Furthermore, the electro-
magnetic actuator unit 19 comprises an armature 23. The
housing 6, parts of the valve body 4 and the armature 23
form an electromagnetic circuit. The actuator unit 19 fur-
ther comprises a pole piece 25.
[0028] The armature 23 is axially movable in the cavity
9. The needle 11 is guided by a central axial opening in
the armature 23. The armature 23 is axially movable rel-
ative to the valve needle 11, i.e. it may slide on the needle
11.
[0029] An armature retainer 43 is fixedly coupled to the
valve needle 11 below the armature 23, i.e. on the side
of the armature 23 facing towards the fluid outlet portion
7. The armature retainer 43 is disc-shaped and may for
example be welded to the needle 11.
[0030] The valve needle 11 comprises a protrusion 27
on its upper end 29. The armature 23 comprises a recess
31 in its upper side 33. The protrusion 27 and the recess
31 are shown in more detail in figure 2.
[0031] The calibration spring 18 has a lower end 35
facing towards the fluid outlet portion 7, the lower end 35
being supported by the upper side 33 of the armature 23.
Hence, the calibration spring 18 is in direct contact with
the upper side 33 of the armature 23 and exerts a force
directly on the armature.
[0032] An upper end 37 of the calibration spring 18 is
supported by the calibration tube 39, which is fixedly ar-
ranged inside the cavity 9. For example, the calibration
tube 39 may be press-fitted into a central opening of the
pole piece 25.
[0033] The annular protrusion 27 of the valve needle
11 has an annular lower side facing towards the fluid
outlet portion 7, the annular lower side providing a first
engagement area 47. The recess 31 has an annular base
area facing towards the fluid inlet portion 5, the annular
base area providing a second engagement area 49.
[0034] In the closing position of the valve 1, there is a
gap 41 between the first engagement area 47 and the
second engagement area 49. This gap 41 is also called
"free-lift" gap. When the coil 21 is energized, the armature
23 experiences a magnetic force and slides upwards to-
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wards the pole piece 25, moving in axial direction away
from the fluid outlet portion 7, thereby compressing the
calibration spring 18 and closing the gap 41. When the
armature 23 starts to travel upwards, a gap is formed
between the armature 23 and the disc-shaped armature
retainer 43 fixedly connected to the needle 11.
[0035] Only after having travelled the gap 41 and after
having taken up kinetic energy, the armature 23 takes
the valve needle 11 with it by way of direct contact be-
tween the first engagement area 47 and the second en-
gagement area 49. Consequently, the valve needle 11
moves in axial direction out of the closing position of the
valve 1.
[0036] When the armature 23 reaches the pole piece
25, its movement in upwards direction is stopped. The
valve needle 11 is then able to move upwards a little
longer, until the armature retainer 43 makes contact with
a lower side of the armature 23 again.
[0037] When the coil 21 is de-energized, the calibration
spring 18 is able to force the armature 23 to move in axial
direction away from the fluid inlet portion and take the
needle 11 with it into its closing position. The net hydraulic
load on the needle 11 works in the same direction as the
force exerted by the calibration spring 18. At the end of
the traveling, the needle 11 stops at the valve seat, while
the armature 23 moves additionally in the direction of the
armature retainer 43 to dissipate energy, opening up the
gap 41.

Claims

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

- a valve body (4) with a central longitudinal axis
(L) comprising a cavity (9) with a fluid inlet por-
tion (5) and a fluid outlet portion (7),
- a valve needle (11) axially moveable in the cav-
ity (9), the valve needle (11) preventing a fluid
flow through the fluid outlet portion (7) in a clos-
ing position and releasing the fluid flow through
the fluid outlet portion (7) in further positions,
- an armature (21) of an electro-magnetic actu-
ator unit (20) being designed to actuate the valve
needle (11), wherein the valve needle (11) com-
prises a first engagement area (47) and the ar-
mature (23) comprises a second engagement
area (49), the first engagement area (47) and
the second engagement area (49) being able to
provide a coupling between the armature (23)
and the needle (11), when the armature (23)
travels upwards, the first engagement area (47)
and the second engagement area (49) being
spaced apart from each other in the closing po-
sition of the valve needle (11),
- an armature retainer (43) being fixedly coupled
to the valve needle (11) below the armature (23),

- a spring element (18) biasing the valve needle
(11) towards the fluid outlet portion (7), the
spring element (18) being in direct contact with
an upper side (33) of the armature (23) and act-
ing on the valve needle (11) by way of the ar-
mature retainer (43).

2. Valve assembly (3) according to claim 1,
wherein the valve needle (11) comprises an annular
protrusion (27) on its upper end (29), the protrusion
(27) having an annular lower side facing towards the
fluid outlet portion (7), the annular lower side provid-
ing the first engagement area (47), and wherein the
armature (23) comprises an annular recess (31) in
its upper side (33), the recess (31) having an annular
base area facing towards the fluid inlet portion (5),
the annular base area providing the second engage-
ment area (49).

3. Valve assembly (3) according to claim 1 or 2,
wherein the armature retainer (43) is disc-shaped.

4. Valve assembly (3) according any of claims 1 to 3,
wherein a lower end (35) of the spring element (18)
is supported by the upper side (33) of the armature
(23), while an upper end (37) of the spring element
(18) is supported by a calibration tube (39).

5. Fuel injection valve (1), comprising a valve assembly
(3) according to any of claims 1 to 4.
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