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injection valve (1) are disclosed. The valve assembly (10) comprises a valve
body (100) having a cavity (110), a valve needle (120) which interacts with the
valve body (100) for controlling fluid flow from a fluid outlet end (104) of the
valve body (100), and a return spring element (130) which is preloaded for bias -
ing the valve needle (120) towards a closing position. The return spring element
(130) comprises a filter sieve (136) for filtering the fluid which flows through
the cavity (110) to the fluid outlet end (104) in operation of the valve assembly
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Description

Valve assembly and fluid injection valve

The present disclosure relates to a valve assembly and to a fluid

injection valve with the valve assembly.

Fluid injection valves are in widespread use, for example in

automotive applications.

It is an object of the present disclosure to specify an improved

valve assembly for a fluid injection wvalve.

This object is achieved by a valve assembly having the features
of claim 1. Advantageous embodiments and developments of the
valve assembly and the fluid injection valve are specified in the

dependent claims, the following description and the drawings.

According to a first aspect, a valve assembly for a fluid
injection valve is disclosed. According to a second aspect, a
fluid injection valve comprising the valve assembly is disclosed.
The fluid injection valve is in particular a fuel injection valve.
It is preferably configured for injecting liquid fuel, such as
gasoline, directly into a combustion chamber of an internal

combustion engine.

The valve assembly comprises a valve body. The valve body has a
fluid inlet end, a fluid outlet end, and a cavity which hy-
draulically connects the fluid inlet end to the fluid outlet end.
Further, the valve assembly has a valve needle which interacts
with the valve body for preventing fluid flow from the fluid
outlet end in a closing position and which is displaceable away
from the closing position to enable fluid flow out of the valve
body from the fluid outlet end. In particular, a sealing element
of the valve needle is in sealing mechanical contact with a valve
seat of the valve body in the closing position and is axially
displaceable along a longitudinal axis of the valve needle away

from the valve seat for enabling the fluid flow.
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In addition, the valve assembly comprises a return spring element
which has a first end and a second end. The first and second ends
are in particular axially opposite ends of the return spring
element. The return spring element is seated against the valve
needle at the first end and against the valve body at the second
end and is preloaded for biasing the valve needle towards the
closing position. The return spring element comprises a filter
sieve for filtering the fluid which flows through the cavity to
the fluid outlet end in operation of the valve assembly. The
return spring element is in particular a one-pieced part or an
assembly consisting of a plurality of inseparably joined

components.

In this way, the valve assembly has a particularly low risk for
leakage at the fluid outlet end or for stuck-open type failures
due to contamination with particles such as metal or plastic

particles. Due to the integration of the filter into the return
spring element, assembling of the valve assembly is particularly

easy.

In one embodiment, the return spring element comprises an
elastically deformable bellows which is pre-compressed in the
valve assembly for biasing the valve needle towards the closing
position. The bellows is, in other words, a corrugated sleeve.
The bellows is preferably a metal bellows. Adequate spring
constants for biasing the valve needle towards the closing

position are easily achievable by means of such a design.

In one development, the bellows comprises a multitude of filter
holes which perforate the bellows for forming the filter sieve
or a section of the filter sieve. For example, the bellows has
an inner circumferential surface and an outer circumferential
surface and the filter holes penetrate the bellows from the outer
circumferential surface to the inner circumferential surface, in
particular to enable a fluid flow in a generally radial direction
from outside of the bellows towards a central axis of the bellows
which is preferably parallel or coaxial to the longitudinal axis

of the valve needle. By means of the bellows, a particularly large
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filter area 1is achievable. In addition, the bellows - as a
specific shape of a sleeve — allows for easy sealing of the return
spring element against the valve body and/or the valve needle to
define the fluid path through the filter sieve.

In one embodiment, the return spring element comprises a rigid,
annular end piece at the first end and/or at the second end. The
end piece or the end pieces are preferably in the shape of a ring
or a sleeve. In an expedient embodiment, an axial end section or
axial end sections, respectively, of the bellows are fixed to the
respective end piece(s) in fluid tight fashion. The end piece or
the end pieces are preferably metal parts. They may expediently

be connected to the bellows by means of a welded connection.

In one embodiment, the end piece or at least one of the end pieces
comprises a multitude of filter holes which perforate the end
piece for forming the filter sieve or a section of the filter
sieve. For example, the end piece has a basic shape of a cy-
lindrical shell which is perforated in radial direction by the
filter holes.

Preferably, the filter holes which penetrate the bellows and/or
the end piece(s) have a mean diameter between 10 um and 200 pm,
preferably between 20 pm and 40 um, the limits being included in
each case. For example the mean diameter of the filter holes is
approx. 30 uym. In a preferred development, all filter holes have
- apart from typical production tolercances - the same diameter.
In this way, it is possible to filter particles of sizes which
have a high risk for adversely affecting the sealing at the fluid
outlet end.

In one embodiment, the valve needle has a seat plate which
comprises a spring seat of the valve needle. The first end of the
return spring element sealingly rests against the spring seat of
the valve needle in an expedient development. In another em-
bodiment, the wvalve body has a seat portion which comprises a
spring seat of the valve body. The second end of the return spring

element sealingly rests against the spring seat of the valve body
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in an expedient development. In this way, the cavity of the valve
body may expediently be divided in an upstream section which
comprises the fluid inlet end and a downstream section which
comprises the fluid outlet end, the two sections being separated
from one another by means of the return spring element and the
region of the valve needle comprising the seat plate in such
fashion that fluid has to pass the filter sees of the return spring

element on its way from the first section to the second section.

In one embodiment, the seat portion of the valve body is po-

sitioned, in direction along the longitudinal axis of the valve
needle, between the seat plate and the sealing element of the
valve needle which is positioned adjacent to the fluid outlet end.
In this way, the filter sieve is positioned particularly close
to the fluid outlet end. In this way, it is operable to remove
contamination inside a particularly large portion of the cavity.
In contrast thereto, filters in conventional fluid injection

valves are often placed adjacent to the fluid inlet end so that
they are unable to remove particles which are, for example,

contaminating the cavity during assembling of the valve assembly.

In one embodiment, the seat plate, the seat portion and the return
spring element extend circumferentially around the longitudinal
axis. In this way, a particularly space-saving design and a

position of the filter sieve particularly close to the fluid

outlet end are achievable.

In one embodiment, the cavity of the valve body has a first portion
and a second portion downstream of the first portion. The second
portion is hydraulically connected to the first portion by means
of at least one opening. The second portion extends from the seat
portion towards the fluid outlet end and has a smaller

cross-sectional area than the first portion. It is positioned

such that it is laterally surrounded by the seat portion.

The valve needle extends from the second portion into the first
portion so that the seat plate is positioned in the first portion.

For example, a shaft of the valve needle is received in the second
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portion and extends beyond the second portion into the first
portion, where the seat plate is fixed to the shaft. At the
downstream end of the first portion, the sealing element of the
valve needle may project from the first portion. This is in
particular the case when the fluid injection valve is an outward
opening valve. In this type of valve, the valve needle is
displaced away from the closing position in axial direction from
the fluid inlet end towards the fluid outlet end for opening the

valve.

Expediently, the valve needle - in particular the region which
comprises the seat plate - together with the return spring element
may cover the opening(s) in such fashion that fluid, on its way
from the fluid inlet end to the fluid outlet end, has to pass the
filter sieve before entering the second portion through the

opening. In this way, particles can be filtered from the fluid

in direct vicinity of the smaller cross-section second portion.

Further advantages, advantageous embodiments and developments of
the valve assembly and the fluid injection valve will become
apparent from the exemplary embodiments which are described below

in association with the figures.

In the figures:

Figure 1 shows a longitudinal section view of a fluid injection

valve according to a first exemplary embodiment,

Figure 2 shows an enlarged detail of the fluid injection valve

of figure 1, and

Figure 3 shows a portion of the fluid injection valve according

to a second exemplary embodiment in a longitudinal section view.

In the exemplary embodiments and figures, similar, identical or
similarly acting elements are provided with the same reference
symbols. In some figures, individual reference symbols may be

omitted to improve the clarity of the figures.
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Figure 1 shows a fluid injection valve 1 according to a first
exemplary embodiment in a longitudinal section view with respect
to a longitudinal axis L. The longitudinal axis L is, in the

present embodiment, the central axis of a valve needle 120 and
of a valve body 100 of a valve assembly 10 of the fluid injection
valve 1. In addition to the valve assembly 10, the fluid injection

valve 1 comprises and an electromagnetic actuator assembly 20.

The fluid injection valve 1 is in the present embodiment a fuel
injection valve which is configured for injecting fuel -such as
gasoline - directly into a combustion chamber of an internal

combustion engine.

The valve body 100 extends from a fluid inlet end 102 to a fluid
outlet end 104. In the present embodiment, these are also a fluid
inlet end of the fluid injection valve 1 and a fluid outlet end
of the fluid injection valve 1, respectively. The valve body 100
has a cavity 110 which establishes a fluid path from the fluid
inlet end 102 to the fluid outlet end 104 and, thus, hydraulically
connects the fluid inlet end 102 and the fluid outlet end 104.

In the present embodiment, the valve body 100 is assembled from
a plurality of parts. At the fluid inlet end 102, it has the fuel
inlet tube for connecting the fluid injection valve 1 to a fuel
rail. Downstream of the fuel inlet tube, a tubular piece of the
valve body 100 shapes an armature chamber in which an armature
220 of the electromagnetic actuator assembly 20 is received.
Downstream of the tubular piece which shapes the armature
chamber, a further piece of the valve body 100 shapes a spring
chamber for a return spring element 130 of the valve assembly.
A valve needle 120 of the valve assembly extends in the cavity
100 from said further piece of the valve body 100 downstream into
a nozzle body of the valve body 100. The nozzle body extends to
the fluid outlet end 104 and has a valve seat at the fluid outlet
end 104.
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The valve needle 120 has a sealing element 126 at the fluid outlet
end 14 which mechanically interacts with the valve seat of the
nozzle body for opening and closing the valve. In particular, the
sealing element 126 is in sealing contact with the valve seat in
a closing position of the valve needle to print fluid flow out
of the fluid outlet end 104 and is displaceable away in axial
direction along the longitudinal axis from the closing position
to enable a fluid flow out of the valve body 100 from the fluid
outlet end 104.

In the present case of an outward opening fluid injection valve
1, the valve needle 120 is displaceable in the axial direction
directed from the fluid inlet end 102 to the fluid outlet end 104
away from the closing position to open a gap between the valve
seat and the sealing element 126. The sealing element 126 may
axially project beyond the valve body 100 at the fluid outlet end
104.

The return spring element 130 is seated against the valve body
100 and against the seat plate 122 of the valve needle 120 and
is preloaded in the valve assembly 10, so that it is operable to
bias the valve needle 120 towards the closing position. In order
to displace the valve needle 120 away from the closing position,
the armature 220 of the electromagnetic actuator assembly 20 is
mechanically coupled to the valve needle 120. The electromagnetic
actuator assembly 20 further comprises a coil 210 for generating
a magnetic field to effect a magnetic force on the armature 220.
By means of the magnetic force, the armature is moved axially
within the armature chamber of the valve body 100 and, by means
of its mechanical coupling to the valve needle 120 transfers a
force on the valve needle 120 to move the latter away from the
closing position in axial direction against the bias of the return

spring element 130.

The portion of the valve assembly 10 which comprises the return
spring element 130 is roughly indicated in figure 1 with a circle

and shown in more detail in figure 2.
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The return spring element 130 comprises a bellows 138 which is
an elastically deformable sheet-metal part. At a first axial end
132 of the return spring element 130, a first annular end piece
142 is mounted on the bellows 138. The first end piece 142 is a
solid metallic ring which is shifted over an axial end section
of the bellows 138. At a second axial end 134 of the return spring
element 130, a second annular end piece 144 is mounted on the
bellows 138. The second end piece 144 is also a solid metallic
ring which has a step in its outer surface and is shifted into
a further axial end section of the bellows 138 so that the further
axial end section of the bellows 138 abuts the step of the second
end piece 144. Fluid-tight welded connections are established
between the first end piece 142 and the bellows 138 and between
the second end piece 144 and the bellows 138.

By means of the above-mentioned further piece of the valve body
100 which shapes the return spring chamber and by means of the
nozzle body of the valve body 100, first and second portions 112,
114 of the cavity 110 of the valve body 100 are shaped. The first
portion 112 comprises the return spring chamber in the present
embodiment. The second portion 114 extends from the first portion
112 towards the fluid outlet end 104. It has a smaller

cross-sectional area than the first portion 112.

The second portion 114 is hydraulically connected to the first
portion 112 by means of a plurality of lateral openings 118 in
an upstream end section of the nozzle body which projects into
the return spring chamber. The shaft of the valve needle 120
extends through a central axial aperture at the upstream end of
the nozzle body and basically completely fills the aperture so
that the latter may not significantly contribute to hydraulically
coupling the first and second portions 112, 114.

A shaft of the valve needle 120 extends from the sealing element
126 through the second portion 114 and further into the first
portion 112 where the seat plate 122 is positioned and fixed to
the shaft. The seat plate 122 may expediently extend radially

outwards from the shaft. The seat plate 122 comprises a spring
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seat 124 of the valve needle 120. At a downstream end of the return
spring chamber, the valve body 100 has a seat portion 116 which
defines a radially extending surface of the cavity 110 that

represents a spring seat 106 of the valve body 100.

The first end 132 - more specifically the first end piece 142 -
of the return spring element 130 sealingly the rests against the
spring seat 124 of the valve needle 120.The second end 134 - more
specifically the second end piece 144 - of the return spring
element sealingly rests against the spring seat 106 of the valve
body 100. That the first end 132 or the second end 134 sealingly
rest against the respective spring seats 124 and 106, re-
spectively, means in particular that a fluid tight connection is
established at the interface between the seat plate 122 and the
first and piece 142 and between the second and piece 144 and the

seat portion 116, respectively.

The seat portion 116 is arranged axially between the seat plate
122 and the sealing element 126 so that the return spring element
130 extends circumferentially around the longitudinal axis L and,
thus, around the shaft of the valve needle 120. Further, the seat
portion 116 extends circumferentially around the longitudinal
axis L and around the second portion 114 of the cavity 110. In
addition, the seat plate 122 extends around the longitudinal axis
L and around the shaft of the valve needle 120 so that the seat
plate 122 and the shaft together completely overlap the return
spring element 130 in top view along the longitudinal axis L. In
this way, the valve needle 120, together with the return spring
element 30, covers the openings 118 which hydraulically connect

the first portion 112 of the cavity 110 to the second portion 114.

In order to enable fluid passing through the return spring element
130 so that it can reach the openings 118 on its way from the fluid
inlet end 102 to the fluid outlet end 104 and can flow from the
first portion 112 further into the second portion 114, the bellows
138 has a multitude of filter holes 140 which perforate the

bellows 138 in radial direction to form a filter sieve 136. In

the present embodiment, the filter holes are of equal size, having
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a diameter of 30 ym, for example. Fluid coming from the fluid inlet
end 102 flows to an outer circumferential surface of the bellows
138 and has to flow through the sieve 136 into the inside of the
bellows 138 to reach the openings 118 and flow further through
the second portion 114 of the cavity 110 of the wvalve body 100
to the fluid outlet end 104.

The fluid injection valve 1 additionally comprises a filter tube
150 adjacent to the fluid inlet end 102. The filter tube 150

additionally represents a calibration tube for adjusting the

preload of a calibration spring 230. The calibration spring 230
biases the armature 220 in axial direction into contact with the
valve needle 120. The filter sieve 136 represented by the filter
holes 140 in the bellows 138 is operable to filter particles from
the fuel which are in the cavity 100 downstream of the filter tube
150, for example due to contamination during assembly of the fuel

injection valve 1.

Figure 3 shows a second exemplary embodiment of a fuel injection
valve 1 in a longitudinal section view corresponding to that of
figure 2. The fuel injection valve 1 of the second embodiment

corresponds in general to that of the first embodiment.

However, the return spring element 113 of the valve assembly 10
of the fluid injection valve 1 according to the second embodiment
has a bellows 138 which is not perforated by filter holes 140.
In other words, the outer circumferential surface of the bellows
138 represents a simply-connected topological space. Instead of
the bellows 138, the second end piece 144 - which is an axially
elongated metallic sleeve, i.e. a cylindrical shell, in the
present embodiment —-is perforated by the filter holes 142 form
the filter sieve 136. In a further variant (not shown in the
figures), the bellows 138 as well as the second end piece 144
and/or the first end piece 142 may be perforated by filter holes
140 to form the filter sieve 136.

The invention is not limited to specific embodiments by the

description on basis of these exemplary embodiments. Rather, it
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comprises any combination of elements of different embodiments.
Moreover, the invention comprises any combination of claims and

any combination of features disclosed by the claims.
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Claims

12

Valve assembly (10) for a fluid injection valve (1)
comprising

- avalve body (100) having a fluid inlet end (102), a fluid
outlet end (104), and a cavity (110) which hydraulically
connects the fluid inlet end (102) to the fluid outlet end
(104),

- a valve needle (120) which interacts with the valve body
(100) for preventing fluid flow from the fluid outlet end
(104) in a closing position and which is displaceable away
from the closing position to enable fluid flow out of the
valve body (100) from the fluid outlet end (104), and

- a return spring element (130) which is seated against the
valve needle (120) at a first end (132) and against the
valve body (100) at a second end (134) and is preloaded for
biasing the valve needle (120) towards the closing po-
sition,

wherein the return spring element (130)

- is a one-pieced part or an assembly consisting of a
plurality of inseparably joined components and

- comprises a filter sieve (136) for filtering the fluid
which flows through the cavity (110) to the fluid outlet

end (104) in operation of the valve assembly (10).

The valve assembly (10) according to the preceding claim,
wherein the return spring element (130) comprises an
elastically deformable bellows (138) which is
pre-compressed in the valve assembly (10) for biasing the

valve needle (120) towards the closing position.

The valve assembly (10) according to the preceding claim,
wherein the bellows (138) comprises a multitude of filter
holes (140) which perforate the bellows (138) for forming
the filter sieve (136) or a section of the filter sieve
(136) .
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The valve assembly (10) according to one of the preceding
claims, wherein the return spring element (130) comprises
a rigid, annular end piece (142, 144) at the first end (132)
and/or at the second end (134).

The valve assembly (10) according to the preceding claim,
wherein the end piece (144) comprises a multitude of filter
holes (140) which perforate the end piece (144) for forming
the filter sieve (136) or a section of the filter sieve
(136) .

The valve assembly (10) according to claims 2 and 4, wherein
an axial end section of the bellows (138) is fixed to the
end piece (144) in fluid-tight fashion and the end piece
(144) comprises a multitude of filter holes (140) which
perforate the end piece (144) for forming the filter sieve

(136) or a section of the filter sieve (136).

The valve assembly (10) according to one of the preceding
claims, wherein the wvalve needle (120) has a seat plate
(122) which comprises a spring seat (124) of the valve

needle (120) against which the first end (132) of the return

spring element (130) sealingly rests.

The valve assembly (10) according to one of the preceding
claims, wherein the wvalve body (100) has a seat portion
(116) which comprises a spring seat (106) of the valve body
(100) against which the second end (134) of the return

spring element (130) sealingly rests.

The valve assembly (10) according to claim 7 and 8, wherein
- the seat portion (116) is positioned, in direction along
a longitudinal axis (L) of the valve needle (120), between
the seat plate (122) and a sealing element (126) of the
valve needle (120) which is positioned adjacent to the
fluid outlet end (104).
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10.

11.

12.

14

The valve assembly (10) according to the preceding claim,
wherein the seat plate (122), the seat portion (116) and
the return spring element (130) extend circumferentially

around the longitudinal axis (L).

The valve assembly (10) according to the preceding claim,
wherein

- the cavity (110) has a first portion (112) and a second
portion (114) downstream of the first portion (112), the
second portion (114) being hydraulically connected to the
first portion (112) by means of at least one opening (118),
- the second portion (114) extends from the seat portion
(116) towards the fluid outlet end (104) and has a smaller
cross-sectional area than the first portion (112) so that
it is laterally surrounded by the seat portion (116),

- the valve needle (120) extends from the second portion
(114) into the first portion (112) so that the seat plate
(122) is positioned in the first portion (112), and

- the valve needle (120) together with the return spring
element (130) cover the opening (118) so that fluid, on its
way from the fluid inlet end to the fluid outlet end, has
to pass the filter sieve (136) before entering the second

portion (114) through the opening (118).

Fluid injection valve (1) comprising a valve assembly (10)

according to one of the preceding claims.
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