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(54) Valve assembly for an injection valve and injection valve

(57)  The invention relates to a valve assembly (11)
for aninjection valve (10), with a valve body (12) including
a central longitudinal axis (L), the valve body (12) com-
prising a cavity (18) with a fluid inlet portion (42) and a
fluid outlet portion (40), with 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
closing position and releasing the fluid flow through the
fluid outlet portion (40) in further positions, with an upper
retainer (23) being arranged in the cavity (18) and being
fixedly coupled to the valve needle (20), with an electro-

374

magnetic actuator unit (36) being designed to actuate
the valve needle (20), the actuator unit (36) comprising
an armature arrangement (22) which is arranged in the
cavity (18) and is axially moveable relative to the valve
needle (20), the armature arrangement (22) being de-
signed to be coupled to the upper retainer (23) when the
valve needle (20) is actuated to leave the closing position,
the armature arrangement (22) being designed and ar-
ranged to mechanically decouple from the upper retainer
(23) due to its inertia when the valve needle (20) reaches
the closing position.
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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 piezo electric ac-
tuator.

[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 up
to 2000 bar.

[0005] The object of the invention is to create a valve
assembly and an injection valve which facilitate a reliable
and precise function of the injection valve.

[0006] These objects are achieved by the features of
the independent claims. Advantageous embodiments of
the invention are given in the sub-claims.

[0007] According to a first aspect the invention is dis-
tinguished by a valve assembly for an injection valve,
with a valve body including a central longitudinal axis,
the valve body comprising a cavity with afluid 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 and
releasing the fluid flow through the fluid outlet portion in
further positions,

an upper retainer being arranged in the cavity and being
fixedly coupled to the valve needle, an electro-magnetic
actuator unit being designed to actuate the valve needle,
the actuator unit comprising an armature arrangement
which is arranged in the cavity and is axially moveable
relative to the valve needle, the armature arrangement
being designed to be coupled to the upper retainer when
the valve needle leaves the closing position, and the ar-
mature arrangement being designed and arranged to
mechanically decouple from the upper retainer due to its
inertia when the valve needle reaches the closing posi-
tion, and an armature spring being arranged in the cavity
and being coupled to the armature arrangement axially
adjacent to the armature arrangement. The armature
spring is arranged to provide a force to the armature ar-
rangement contributing coupling the armature arrange-
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ment with the valve needle.

[0008] The armature arrangementcomprises anarma-
ture portion and a protruding portion, whereby the pro-
truding portion protrudes axially towards the fluid outlet
portion. A dampening apparatus is arranged in the cavity
axially adjacent to the armature arrangement. The damp-
ening apparatus comprises a cup being fixedly coupled
to the valve body and a major part of the protruding por-
tion of the armature arrangement. The major part of the
protruding portion of the armature arrangement is ar-
ranged inside of the cup, thereby forming a volume inside
the cup for being filled with fluid during operation of the
valve assembly.

[0009] Exemplary embodiments of the invention are
explained in the following with the aid of schematic draw-
ings. These are as follows:

Figure 1 shows a traditional injection valve in a
longitudinal section view,

Figures2to 5 show the valve assembly according to
the invention, demonstrated according
to different steps of operation.

[0010] Elements of the same design and function that
appear in different illustrations are identified by the same
reference character.

[0011] Figure 1 shows, just for the purpose of better
understanding the invention, a traditional injection valve
10 that is suitable for dosing fluids and which comprises
a traditional valve assembly 11 and an inlet tube 14. The
injection valve 10 may be in particular suitable for dosing
fuel to an internal combustion engine.

[0012] The valve assembly 11 comprises a valve body
12 with a central longitudinal axis L and a housing 16.
The housing 16 is partially arranged around the valve
body 12. A cavity 18 is arranged in the valve body 12.
[0013] The cavity 18 takesin a valve needle 20 and an
armature 22c. An upper retainer 23 is arranged axially
adjacent to the armature 22c. The upper retainer 23 is
fixedly coupled to the valve needle 20. The upper retainer
23 is formed as a collar around the valve needle 20. A
main spring 28 is arranged in a recess 26 provided in the
inlet tube 14. The recess 26 is part of the cavity 18. The
main spring 28 is mechanically coupled to the upper re-
tainer 23. The upper retainer 23 is in contact with an inner
side of the inlet tube 14 and can guide the valve needle
20 in axial direction inside the inlet tube 14. The main
spring 28 is arranged and designed to act on the valve
needle 20 to move the valve needle 20 in axial direction
in its closing position. A filter element 30 is arranged in
the inlet tube 14 and forms a further seat for the main
spring 28.

[0014] In a closing position of the valve needle 20 it
sealingly rests on a seat plate 32 by this preventing a
fluid flow through an injection nozzle 34. That part of the
valve needle 20 resting on the seat plate 32 may be
formed like a ball. The injection nozzle 34 may be, for
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example, an injection hole. However, it may also be of
some other type suitable for dosing fluid.

[0015] 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 coil 38, which is preferably arranged inside the housing
16. Furthermore, the electro-magnetic actuator unit 36
comprises, with this traditional valve assembly, the ar-
mature 22c. The armature 22c is arranged in the cavity
18 and axially movable relative to the valve needle 20.
The housing 16, the valve body 12, the inlet tube 14 and
the armature 22c¢ are forming an electromagnetic circuit.
[0016] A fluid outlet portion 40 is a part of the cavity 18
near the seat plate 32. The fluid outlet portion 40 com-
municates with a fluid inlet portion 42 being provided in
the valve body 12.

[0017] Anarmature spring 46 which is preferably a coil
spring is arranged in the cavity 18 and is fixedly coupled
to the valve body 12. The armature spring 46 is arranged
axially adjacent to the armature 22c. The armature spring
46 is coupled to the armature 22c.

[0018] Fig. 2 shows a valve assembly according to the
invention. With this valve assembly the armature 22c of
the traditional valve assembly as shown in Fig. 1 is re-
placed by an armature arrangement 22 comprising an
armature portion 22a and a protruding portion 22b. The
armature portion 22a and the protruding portion 22b may
be made of one piece or of more than one piece. The
armature portion 22a functionally corresponds to the ar-
mature 22c of the traditional valve assembly. The pro-
truding portion 22b protrudes, from the armature portion
22a, axially towards the fluid outlet portion 40. Axially
adjacent to the armature arrangement 22 there is ar-
ranged a dampening apparatus 50 comprising a cup 52
and a major part of the protruding portion 22b of the ar-
mature arrangement 22. The cup 52 may either be fixedly
coupled to the valve needle 20 or to the valve body 12.
[0019] Inside of the cup 52 there is a volume 53 ar-
ranged between an end of the protruding portion 22b and
in inner bottom surface of the cup 52. During operation
of the valve assembly this volume 53 is filled with fluid,
typically with fuel, whereby the size of the volume 53
varies during operation of the valve assembly.

[0020] Between an inner side wall of the cup 52 and
said major part of the protruding portion 22b of the arma-
ture arrangement 22 there is arranged a first clearance
54, through which fluid may pass during operation of the
valve assembly. A second clearance 55 is arranged be-
tween the valve needle 20 and an inner side wall of the
armature arrangement 22. Also through this second
clearance 55 fluid may pass during operation of the valve
assembly.

[0021] Inthe following, the function of the valve assem-
bly 11 and of the injection valve 10 is described in detail:
[0022] The fluid is led through the inlet tube 14 to the
fluid inlet portion 42 of the valve assembly 11 and further
towards the fluid outlet portion 40.

[0023] The valve needle 20 prevents a fluid flow
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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.

[0024] Fig. 2 shows the valve assembly 11 in the clos-
ing position. The actuator unit 36 is de-energized. The
armature spring 46 presses the armature arrangement
22 towards the upper retainer 23 and the main spring 28
presses the valve needle 20 via the upper retainer 23
into its closing position. The volume 53 is filled with fluid.
[0025] Next, and this is shown in Fig. 3, the elec-
tro-magnetic actuator unit 36 with the coil 38 gets ener-
gized. This creates an electro-magnetic force onto the
armature arrangement 22. The armature arrangement
22 is attracted by the electro-magnetic actuator unit 36
with the coil 38 and moves in axial direction away from
the fluid outlet portion 40. The armature arrangement 22
takes the upper retainer 23 and the valve needle 20 with
it, until it is stopped by the pole piece 37. This action is
called functional armature stroke, and it is shown in the
Fig. 2 to 5, labeled with the reference symbol Fc_A. Ac-
cordingly, the valve needle 20 moves in axial direction
out from the closing position. Outside of the closing po-
sition of the valve needle 20 a fluid path is formed be-
tween the seat plate 32 and the valve needle 20 and fluid
can pass through the injection nozzle 34. In the embod-
iment of the invention, which is shown in the drawings,
the cup 52 is fixedly coupled to the valve needle 20. Ac-
cordingly, the size of the volume 53 is not changed due
to the upward movement of the valve needle 20, com-
pared with the size of the volume 53, when the valve
needle 20 rests in its closing position.

[0026] Next, and this is shown in the Fig. 4 and 5, the
actuator unit 36 is de-energized. As can be seen from
Fig. 4, the main spring 24 forces the valve needle 20 to
move in axial direction into its closing position, thereby
moving the armature arrangement 22 towards the seat
plate 32 and compressing the armature spring 46. When
the valve needle 20 reaches its closing position, it is
stopped. However, the armature arrangement 22 decou-
ples from the upper retainer 23 and continues to move
towards the seat plate 32 because of its inertia; it drifts
away from the upper retainer 23. This drift is called free
armature stroke; the amount thereof is shown in Fig. 4,
labeled with the reference symbol Fr_A, and the direction
thereof is shown by dashed arrows, directed towards the
seat plate 32. Due to this drift the size of the volume 53
in the dampening apparatus 50 is reduced to a reduced
volume 53a, thereby pressing part of the fluid (symboli-
cally shown in Fig. 4 as "escaped fluid" 53b) out from the
dampening apparatus 50. This escaping is established
due to leakage paths 56 along the first clearance 54 and
the second clearance 55. These leakage paths 56 are
shown in Fig. 4 by means of small arrows, directed to-
wards the upper retainer 23 and horizontally in parallel
to the main surfaces of the armature portion 22a.
[0027] In the course of this procedure the armature
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spring 46 is compressed more and more and develops
increasing forces acting in the direction of the pole piece
37. Finally these forces exceed the forces applied by the
inertia of the armature arrangement 22. Consequently
the armature spring 46 pushes the armature arrange-
ment 22 back towards the armature arrangement 22 until
the armature arrangement 22 abuts the upper retainer
23, as shown in Fig. 5.

[0028] During movement of the armature arrangement
22 towards the upper retainer 23 the volume 53 in the
dampening apparatus 50 increases again until it reaches
its former size. This causes fluid to pass the leakage
paths 56 in the reverse direction, compared with the sit-
uation herein before; the dampening apparatus 50 is "re-
filled" again.

[0029] The big advantage of this valve assembly and
oftherespectiveinjection valveis, thatin an embodiment,
where the cup 52 is fixedly coupled to the valve body 12,
abutting of the armature arrangement 22 against the up-
per retainer 23 and the pole piece 37 (in this situation the
volume 53 increases and drift of fuel occurs into the cup
52), when the valve needle 20 leaves its closing position,
as well as abutting of the valve needle 20 against the
seat plate 32 when reaching its closing position, is hy-
draulically dampened by the flow of fluid through the leak-
age paths 56. Thus itis avoided, that in the closing phase
of the valve needle the valve needle bouncingly bumps
towards the seat plate and thus reopens in an undesired
manner the flow path to the injection nozzle for a short
time. Reopening, however, would create unwanted emis-
sions. Additionally, in the opening phase of the valve nee-
dle 20, bouncingly bumping of the armature arrangement
22 against the upper retainer 23 and against the pole
piece 32 is also avoided. Such a bouncingly bumping
would lead to a small movement of the valve needle 20
for a short time in direction of the seat plate, what, ac-
cordingly, would also create unwanted emissions. In an
embodiment, where the cup 52 is fixedly coupled to the
valve needle 20, as shown in the figures, dampening oc-
curs only in the closing phase of operation.

Claims
1. Valve assembly (11) for an injection valve (10), with

- 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,

- an upper retainer (23) being arranged in the
cavity (18) and being fixedly coupled to the valve
needle (20),
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- an electro-magnetic actuator unit (36) being
designed to actuate the valve needle (20), the
actuator unit (36) comprising an armature ar-
rangement (22) which is arranged in the cavity
(18) and is axially moveable relative to the valve
needle (20), the armature arrangement (22) be-
ing designed to be coupled to the upper retainer
(23) when the valve needle (20) is actuated to
leave the closing position, and the armature ar-
rangement (22) being designed and arranged
to mechanically decouple from the upper retain-
er (23) due to its inertia when the valve needle
(20) reaches the closing position, and

- an armature spring (46) being arranged in the
cavity (18) and being coupled to the armature
arrangement (22) axially adjacent to the arma-
ture arrangement (22), the armature spring (46)
being arranged to provide a force to the arma-
ture arrangement (22) contributing coupling the
armature (22) with the valve needle (20),

wherein the armature arrangement (22) comprises
an armature portion (22a) and a protruding portion
(22b),the protruding portion (22b) protruding axially
towards the fluid outlet portion (40), and

wherein a dampening apparatus (50) is arranged in
the cavity (18) axially adjacent to the armature ar-
rangement (22),

the dampening apparatus (50) comprising a cup (52)
being fixedly coupled to the valve body (12) and a
major part of the protruding portion (22b) of the ar-
mature arrangement (22),

the major part of the protruding portion (22b) of the
armature arrangement (22) being arranged inside of
the cup (52), thereby forming a volume (53) inside
the cup (52) for being filled with fluid.

Valve assembly (11) according to claim 1, wherein
the cup (52) is fixedly coupled to the valve body (12).

Valve assembly (11) according to claim 1, wherein
the cup (52) is fixedly coupled to the valve needle
(20).

Valve assembly (11) according to one of the preced-
ing claims, wherein the protruding portion (22b) is
fixedly coupled to the armature portion (22a).

Valve assembly (11) according to one of the claims
1 to 3, wherein the protruding portion (22b) and the
armature portion (22a) are made of one piece.

Valve assembly (11) according to one of the preced-
ing claims, wherein a first clearance (54) is arranged
between the cup (52) and the part of the protruding
portion (22b) being arranged inside the cup (52) for
passing of fluid.
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Valve assembly (11) according to one of the preced-
ing claims, wherein a second clearance (55) is ar-
ranged between the armature arrangement (22) and
the valve needle (20) for passing of fluid.

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