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injection valve

(57)  Method for assembling a valve assembly (60)
of an injection valve (20). The valve assembly (60) com-
prises a valve body (4) having a central longitudinal axis
(L), and a cavity (8) with a fluid inlet portion (42) and a
fluid outlet portion (44), a valve needle (14) axially mov-
able in the cavity (8). The valve needle (14) prevents a
fluid flow through the fluid outlet portion (44) in a closing
position and releases the fluid flow through the fluid outlet
portion (44) in further positions The method comprising
the following steps: providing the valve body (4) and form-
ing a recess (46) in the valve body (4) in a manner that
the recess (46) faces the central longitudinal axis (L),
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Method for assembling a valve assembly of an injection valve and valve assembly of an

providing a needle guide element (28) being designed to
guide the valve needle (14) in the cavity (8), arranging
and aligning the needle guide element (28) relative to the
valve body (4) in such a manner that the needle guide
element (28) is arranged in the cavity (8) and one part
(30) of the needle guide element (28) is arranged on a
shoulder (33) of the valve body (4) facing away from the
fluid outlet portion (44), deforming the part (30) of the
needle guide element (28) in radial direction in such a
manner that the part (30) is getting into engagement with
the recess (46) in the valve body (4) thereby fixedly cou-
pling the needle guide element (28) relative to the valve
body (4).
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Description

[0001] The invention relates to a method for assem-
bling a valve assembly of an injection valve, and a valve
assembly of 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 objectof the inventionis to create a method
for assembling a valve assembly of an injection valve
and a valve assembly of an injection valve.

[0006] This object is 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 method for assembling a valve assembly
of an injection valve, the valve assembly comprising a
valve body and a valve needle. The valve body has a
central longitudinal axis, a cavity with a fluid inlet portion
and a fluid outlet portion. The valve needle is axially mov-
able in the cavity and prevents a fluid flow through the
fluid outlet portion in a closing position and releases the
fluid flow through the fluid outlet portion in further posi-
tions. The method comprises the following steps: provid-
ing the valve body and forming a recess in the valve body
in a manner that the recess faces the central longitudinal
axis, providing a needle guide element being designed
to guide the valve needle in the cavity, arranging and
aligning the needle guide element relative to the valve
body in such a manner that the needle guide element is
arranged in the cavity and one part of the needle guide
element is arranged on a shoulder of the valve body fac-
ing away from the fluid outlet portion, deforming the part
of the needle guide element in radial direction in such a
manner that the part is getting into engagement with the
recess in the valve body thereby fixedly coupling the nee-
dle guide element relative to the valve body.

[0008] This has he advantage, that a simple method
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for fixing the needle guide element to the valve body is
available. A deformation of the needle guide element is
possible without producing flaking particles, for example
of the coating, during the assembly process. The method
makes only a small space necessary for coupling the
needle guide element with the valve body. Consequently,
the valve body can have a large extension in axial direc-
tion.

[0009] In an advantageous embodiment at least one
pin element is moved in axial direction for deforming the
part of the needle guide element in radial direction. This
is a simple possibility to obtain a locally limited radial
deformation of the part of the needle guide element
though a secure coupling between the needle guide el-
ement and the valve body can be obtained.

[0010] In a further advantageous embodiment a plu-
rality of pin elements is arranged circumferentially the
valve body and the pin elements are moved in axial di-
rection to deform the part of the needle guide element.
By this a plurality of areas of engagement between the
valve body and the guide element can be obtained. Con-
sequently, a very secure coupling between the valve
body and the needle guide element is possible.

[0011] In a further advantageous embodiment the pin
element comprises an end portion facing the second part
of the needle guide element. The end portion has the
shape of a spherical cap. This has the advantage that
the deformation of the needle guide element can be car-
ried out with great care by the pin element.

[0012] In a further advantageous embodiment a tool
is moved in axial direction to arrange and align the needle
guide element relative to the valve body. The tool com-
prises at least one aperture extending in axial direction,
wherein the at least one pin element is arranged to be
moved in axial direction. This has the advantage that a
tool can be used to align the needle guide element rela-
tive to the valve body as well as to take up the pin ele-
ments.

[0013] According to a second aspect the invention is
distinguished by a valve assembly of an injection valve.
The valve assembly comprises avalve body, avalve nee-
dle and a needle guide element. The valve body has a
central longitudinal axis and a cavity with a fluid inlet por-
tion and a fluid outlet portion. The valve needle is axially
movable in the cavity. The valve needle prevents a fluid
flow through the fluid outlet portion in a closing position
and releases the fluid flow through the fluid outlet portion
in further positions. The needle guide element is de-
signed to guide the valve needle and is arranged in the
cavity. The valve body has a recess facing the central
longitudinal axis. One part of the needle guide element
is arranged on a shoulder of the valve body facing away
from the fluid outlet portion. The part of the needle guide
element is in engagement with the recess in the valve
body thereby fixedly coupling the needle guide element
relative to the valve body.

[0014] Exemplary embodiments of the invention are
explained in the following with the aid of schematic draw-



3 EP 2 228 532 A1 4

ings. These are as follows:

Figure 1 an injection valve with a valve assembly in
a longi- tudinal section view,

Figure 2 portion Il of the valve assembly of the injec-
tion valve according to figure 1 in a longitu-
dinal section view,

Figure 3 a needle guide element of the injection
valve in a top view,

Figure 4a  a further longitudinal section view of the
valve assembly of the injection valve, and

Figure 4b  a further longitudinal section view of the
valve assembly of the injection valve.

[0015] Elements of the same design and function that

appear in differentillustrations are identified by the same
reference character.

[0016] An injection valve 62, that is in particular suita-
ble for dosing fuel to an internal combustion engine, com-
prises a valve assembly 60 and an inlet assembly 61.
[0017] The valve assembly 60 comprises a valve body
4 with a central longitudinal axis L and a cavity 8, which
takes in a valve needle shaft 10 and preferably a part of
an armature 12. The valve needle shaft 10 and the ar-
mature 12 are forming a valve needle 14.

[0018] The inlet assembly 61 comprises an inlet tube
2. Intheinlettube 2 and in the armature 12 aninner cavity
16 is provided. A spring 18 is arranged in the inner cavity
16. Preferably, it rests on a spring seat being formed by
an anti-bounce disc 20. By this the spring 18 is mechan-
ically coupled to the valve needle 14. An adjusting tube
22 is provided in the inner cavity 16. The adjusting tube
22 forms a further seat for the spring 18.

[0019] In a closing position of the valve needle 14 it
sealingly rests on a seat plate 26. The seat plate 26 is
arranged in the valve body 4. In the closing position of
the valve needle 14 a fluid flow through at least one in-
jection nozzle 24 is prevented. The injection nozzle 24
may be, for example, an injection hole. However, it may
also be of some other type suitable for dosing fluid.
[0020] A needle guide element 28 is arranged in the
cavity 8. The needle guide element 28 can guide the valve
needle 14 in axial direction. The needle guide element
28 has a part 30 which is arranged on a shoulder 33 of
the valve body 4. Preferably, the part 30 has a planar
shape and is extending in a radial direction. The shoulder
33 has a wall section 34 facing away from the fluid outlet
portion44. The planar part 30 of the needle guide element
28 is arranged on the wall section 34. Consequently, the
planar part 30 is facing away from the fluid outlet portion
44 as well. The needle guide element 28 has a further
part 32 which is arranged at an inner wall of the cavity 8.
Preferably, the further part 32 of the needle guide element
28 is formed as a hollow cylindrical ring element. In a
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cross sectional view as shown in the figures 2, 4a and
4b the planar part 30 and the further part 32 of the needle
guide element 28 are forming a "L".

[0021] Additionally, a further needle guide element 35
for guiding the valve needle 14 is provided. The further
needle guide element 35 is arranged in the cavity 8 near
the seat plate 26 or adjacent to the seat plate 26. The
needle guide element 28 and the further needle guide
element 35 enable a secure axial guiding of the valve
needle 14 inside the valve body 4.

[0022] The injection valve 62 is provided with an actu-
ator unit that comprises preferably an electromagnetic
actuator, comprising a coil 36, which is preferably over-
molded. A valve body shell 38, the armature 12 and the
inlet tube 2 are forming an electromagnetic circuit which
can apply a force on the valve needle 14. The actuator
unit may also comprise another type of actuator, which
is known to a person skilled in the art for that purpose.
Such an actuator may be, for example, a piezoelectric
actuator.

[0023] A fluid inlet portion 42 is provided in the valve
body 4 which communicates with a fluid outlet portion 44
which is a part of the cavity 8 near the seat plate 26.
[0024] The valve body 4 has a recess 46 facing the
central longitudinal axis L. The planar part 30 of the nee-
dle guide element 28 is in engagement with the recess
46 in the valve body 4. By this the needle guide element
28 is fixedly coupled to the valve body 4.

[0025] In the following, the function of the injection
valve 62 is shortly described:

The fluid is led from the fluid inlet portion 42 to the
fluid outlet portion 44. The axial position of the valve
needle 14, which determines whether the fluid outlet
portion 44 is opened or closed for a fluid flow, de-
pends on the force balance between the spring 18
and the forces applied to the valve needle 14 by the
actuator unit with the coil 36.

[0026] In the closing position of the valve needle 14
the valve needle 14 sealingly rests on the seat plate 26
and consequently prevents a fluid flow through the fluid
outlet portion 44 and the injection nozzle 24.

[0027] In the case that the coil 36 gets energized, the
coil 36 may effect a force on the valve needle 14. The
valve needle 14 is able to move in axial direction out of
the closing position. Outside of the closing position of the
valve needle 14, there is a gap between the seat plate
26 and the valve needle 14 at an axial end of the valve
needle 14 facing away from the coil 36. This enables a
fluid flow through the injection nozzle 24.

[0028] In Figure 3 a preferred embodiment of the nee-
dle guide element 28 is shown in detail. The needle guide
element 28 is formed as a ring. The planar part 30 of the
needle guide element 28 has pressure portions 47 from
which tongues 48 are extending in radial direction away
from the central longitudinal axis L.

[0029] In the preferred embodiment shown in Figure
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3, the needle guide element 28 has three pressure por-
tions 47 and three respective tongues 48. In further em-
bodiments the number of the pressure portions 47 and
the respective tongues 48 can be smaller than three.
Preferably, the number of the pressure portions 47 and
the respective tongues 48 is larger than three.

[0030] As shown in Figures 2 and 4b, the tongues 48
of the needle guide elements 28 are extending in radial
direction away from the central longitudinal axis L thereby
extending into the recesses 46 in the valve body 4. Con-
sequently, the needle guide element 28 is in engagement
with the recess 46 in the valve body 4 and the needle
guide element 28 is fixedly coupled to the valve body 4.
[0031] InFigures2,4aand4b atool 50 is shown which
is arranged above the shoulder 33 of the valve body 4
and the planar part 30 of the needle guide element 28
during the assembly process. The tool 50 can hold down
the planar part 30 of the needle guide element 28. A
further tool 52 is arranged in the cavity 8 of the valve
body 4 and can hold the needle guide element 28 in po-
sition during the assembly process.

[0032] The tool 50 has at least one aperture 54 which
extends in axial direction and has preferably a cylindrical
shape. In each of the apertures 54 a pin element 56 is
arranged which can be moved in axial direction. The num-
bers of the apertures 54 and the pin elements 56 are
correlated to the number of the tongues 48 which is de-
sired for the secure coupling of the needle guide element
28 with the valve body 4 as will be described in the fol-
lowing.

[0033] Preferably, the apertures 54 in the tool 50 are
arranged on a circle with the centre being arranged on
the central longitudinal axis L. Preferably, the angular
distance between each of two apertures 54 is equal.
[0034] Each of the pin elements 56 has an end portion
58 which can be broughtinto engagement with the planar
part 30 of the needle guide element 28 as will be de-
scribed in the following. Preferably, the end portion 58 of
the pin element 56 has the shape of a spherical cap. In
a further preferred embodiment, the end portion 58 of the
pin element 56 has a semispherical shape.

[0035] In the following the method for assembling the
valve assembly 60 of the injection valve will be described:

In a first step, the valve body 4 will be provided and
the recess 46 is formed in the valve body 4 in a man-
ner that the recess 46 faces the central longitudinal
axis. Preferably, the recess 46 is formed as a groove
which makes it possible that only a minimal effort is
necessary for forming the recess 46.

[0036] Inthe following, the needle guide element 28 is
provided and arranged in the cavity 8 of the valve body
4 in a manner that the planar part 30 of the needle guide
element 28 is arranged on the shoulder 33 of the valve
body 4. This means that the planar part 30 is adjacent to
the wall section 34 of the shoulder 33 facing away from
the fluid outlet portion 44. The further part 32 of the needle
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guide element 28 which is forming a hollow cylinder is
arranged on the inner wall of the valve body 4 facing the
central longitudinal axis L.

[0037] In afurther step the tool 50 and the further tool
52 are inserted into the cavity 8 of the valve body 4 to
align and fix the needle guide element 28 in relation to
the valve body 4. The respective situation is shown in
Figure 4a.

[0038] In a further step the pin elements 56 which are
arranged in the apertures 54 of the tool 50 are moved in
axial direction towards the planar part 30 of the needle
guide element 28 until the end portions 58 of the pin el-
ements 56 come into engagement with the planar part
30 of the needle guide element 28 in the area of the pres-
sure portions 47 of the needle guide element 28. By
pressing the pin elements 56 into the needle guide ele-
ment 28 the planar part 30 is plastically deformed and
material from the pressure portions 47 of the planar part
30 of the needle guide element 28 is expanded thereby
forming tongues 48 in locally limited areas (Figure 3).
The tongues 48 come into engagement with the recesses
46 in the valve body 4.

[0039] Now the coupling between the needle guide el-
ement 28 and the valve body 4 is completed, as shown
in Figures 2 and 4b. After the tool 50 with the pin elements
56 and the further tool 52 are removed from the cavity 8
of the valve body 4 further assembly process steps for
assembling the valve assembly 60 of the injector valve
62 can be carried out.

[0040] The described method makes a secure cou-
pling of the needle guide element 28 with the valve body
4 possible. In particular, if the number of pressure por-
tions 47 and tongues 48 is equal or larger than three and
the angular distance with respect to the central longitu-
dinal axis L between each of two tongues 48 is approx-
imately equal, a very good mechanical coupling between
the needle guide element 28 and the valve body 4 can
be obtained.

[0041] As the end portions 58 have the shape of a
spherical cap the deformation of the needle guide ele-
ment 28 can be carried out with great care and the pro-
duction of flaking particles during the assembly process
can be prevented.

[0042] As the tool 50 with the pin elements 56 needs
only a small space for the coupling process of the needle
guide element 28 with the valve body 4, the valve body
4 can have a large extension in axial direction. This can
be seen in particular in Figure 2 where the tool 50 is
arranged in a very small area between the valve body 4
and the further tool 52 in radial direction and the valve
body 4 extends in both axial directions from the coupling
zone between the valve body 4 and the planar part 30 of
the needle guide element 28. This means that the tool
50 can be simply inserted into the cavity 8 even in the
case that there is only a small space between the valve
body 4 and the further tool 52.

[0043] Inthe case thatthe tool 50 needs a larger space
between the valve body 4 and the further tool 52 as shown



7 EP 2 228 532 A1 8

in Figures 4a and 4b the radial extension of the valve
body 4 in the axial direction facing away from the fluid
outlet portion 44 can be reduced.

Claims

Method for assembling a valve assembly (60) of an
injection valve (20),
the valve assembly (60) comprising

- a valve body (4) having

-- a central longitudinal axis (L), and
-- a cavity (8) with a fluid inlet portion (42)
and a fluid outlet portion (44),

- avalve needle (14) axially movable in the cavity
(8), the valve needle (14) preventing a fluid flow
through the fluid outlet portion (44) in a closing
position and releasing the fluid flow through the
fluid outlet portion (44) in further positions,

the method comprising the following steps:

- providing the valve body (4) and forming a re-
cess (46) in the valve body (4) in a manner that
the recess (46) faces the central longitudinal ax-
is (L),

- providing a needle guide element (28) being
designed to guide the valve needle (14) in the
cavity (8),

- arranging and aligning the needle guide ele-
ment (28) relative to the valve body (4) in such
a manner that the needle guide element (28) is
arranged in the cavity (8) and one part (30) of
the needle guide element (28) is arranged on a
shoulder (33) of the valve body (4) facing away
from the fluid outlet portion (44),

- deforming the part (30) of the needle guide
element (28) in radial direction in such a manner
thatthe part (30) is getting into engagement with
the recess (46) in the valve body (4) thereby
fixedly coupling the needle guide element (28)
relative to the valve body (4).

2. Method according to claim 1, wherein at least one

pin element (56) is moved in axial direction for de-
forming the part (30) of the needle guide element
(28) in radial direction.

Method according to claim 2, wherein a plurality of
pin elements (56) is arranged circumferentially the
valve body (4) and is moved in axial direction to de-
form the part (30) of the needle guide element (28).

Method according to claim 2 or 3, wherein the pin
element (56) comprises an end portion (58) facing
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the part (30) of the needle guide element (28), the
end portion (58) having the shape of a spherical cap.

Method according to claims 2 to 4, wherein a tool
(50) is moved in axial direction to arrange and align
the needle guide element (28) relative to the valve
body (4), the tool (50) comprising at least one aper-
ture (54) extending in axial direction, wherein the at
least one pin element (56) is arranged to be moved
in axial direction.

Valve assembly (60) of an injection valve (20),
the valve assembly (60) comprising

- a valve body (4) having

-- a central longitudinal axis (L) and
-- a cavity (8) with a fluid inlet portion (42)
and a fluid outlet portion (44),

-avalve needle (14) axially movable in the cavity
(8), the valve needle (14) preventing a fluid flow
through the fluid outlet portion (44) in a closing
position and releasing the fluid flow through the
fluid outlet portion (44) in further positions, and
- a needle guide element (28) being designed
to guide the valve needle (14) and being ar-
ranged in the cavity (8),

wherein

- the valve body (4) has a recess (46) facing the
central longitudinal axis (L),

- one part (30) of the needle guide element (28)
is arranged on a shoulder (33) of the valve body
(4) facing away from the fluid outlet portion (44),
and

- the part (30) of the needle guide element (28)
being in engagement with the recess (46) in the
valve body (4) thereby fixedly coupling the nee-
dle guide element (28) relative to the valve body

(4).
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