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

(57) Valve assembly (14) of an injection valve (10),
the valve assembly (14) comprising a valve body (20)
including a central longitudinal axis (X), the valve body
(20) comprising a cavity (24) with a fluid outlet portion
(28), a valve needle (22) axially movable in the cavity
(24), the valve needle (22) preventing a fluid flow through
the fluid outlet portion (28) in a closing position and re-
leasing the fluid flow through the fluid outlet portion (28)
in further positions. The valve needle (22) has a guide
portion (46) being designed to guide the valve needle
(22) in the valve body (20) and having fluid channels (48)
being designed to enable a fluid flow to the fluid outlet

portion (28), a tip portion (50) being designed to act to-
gether with the valve body (20) to prevent the fluid flow
through the fluid outlet portion (28), and a lower needle
portion (42) being arranged axially between the guide
portion (46) and the tip portion (50).

The lower needle portion (42) comprises a recess
portion (44) with an annular recess (45). The lower needle
portion (42) has an axial length (L_LN) of about 7 mm
and about 8 mm. The guide portion (46) has an axial
length (L_G) of about 2 mm to about 3 mm. The channels
(48) in the guide portion (46) have a total cross sectional
area (A_CH) of about 2 mm2. Injection valve (10) with an
actuator unit (16) and the valve assembly (14).
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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 widespread 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 all the 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 piezoelectric 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 a diesel engine in the range of up
to 2000 bar.
[0005] The object of the invention is to create a valve
assembly for an injection valve and an injection valve
which is simply to be manufactured and which facilitates
a reliable and precise function.
[0006] This object is achieved by the features of the
independent claim. 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 of an injection valve, the
valve assembly comprising a valve body including a cen-
tral longitudinal axis, the valve body comprising a cavity
with 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. The valve needle has a guide portion
being designed to guide the valve needle in the valve
body and having fluid channels being designed to enable
a fluid flow to the fluid outlet portion, a tip portion being
designed to act together with the valve body to prevent
the fluid flow through the fluid outlet portion, and a lower
needle portion being arranged axially between the guide
portion and the tip portion. The lower needle portion com-
prises a recess portion with an annular recess. The lower
needle portion has an axial length of about 7 mm to about
8 mm. The guide portion has an axial length of about 2
mm to about 3 mm. The channels in the guide portion
have a total cross sectional area of about 2 mm2.
[0008] The annular recess in the recess portion of the
lower needle portion has the effect that the diameter of
the recess portion is smaller than the diameter of further

sections of the lower needle portion. By this the space
between the recess portion and the valve body is larger
than the space between the further sections of the lower
needle and the valve body.
[0009] Surprisingly it has been found that this config-
uration of the valve needle has the advantage that an
excellent spray structure with a highly axial symmetric
spray can be generated. Fluid cavitation effects, in par-
ticular sectional fluid cavitation effects in the injection
valve can be avoided in a very good manner. Further-
more, the pressure drop in the channels of the guide por-
tion can be kept small. Additionally, turbulence effects
can be kept small and zones of turbulence in axial direc-
tion can be kept short in particular downstream the guide
portion between the valve body and the recess portion.
Consequently, a homogeneous fluid flow in the fluid out-
let portion between the valve body and the recess portion
is available. By this, the angle and the structure of the
fluid spray outside the valve assembly can be kept uni-
form over the time. Consequently, a noise emission of
the spray can be kept small.
[0010] A further advantage of this configuration of the
valve needle is that a high shot-to-shot stability of the
spray can be obtained, even in the case that long pulses
of the spray are needed for the injection. Therefore, a
very small variation of the spray angle characteristic is
available. As the structure of the channels of the guide
portion is less important for the characteristic of the fluid
flow, the channels can be manufactured in a very simple
and easy manner.
[0011] In an advantageous embodiment the recess
portion has a diameter of about 2 mm to about 2.2 mm
and a length of about 2 mm to about 3 mm.
This allows a good adaptation of the dimensions of the
recess portion to the geometry of the guide portion. In
particular, sectional fluid cavitation effects in the injection
valve can be avoided very effectively.
[0012] In further advantageous embodiments the di-
ameter of the recess portion is about 2.08 mm and the
length is about 2.53 mm. These dimensions have the
advantage that a very homogeneous fluid flow in the fluid
outlet portion between the valve body and the recess
portion is available.
[0013] In a further advantageous embodiment the axial
length of the lower needle portion is about 7.5 mm. As
the turbulence zones in axial direction are short in par-
ticular downstream the guide portion between the valve
body and the recess portion this has the advantage that
cavitation at the tip portion of the valve needle can be
prevented to avoid the generation of a spray structure
affected by sectional vapor to liquid ratio distributions.
[0014] In a further advantageous embodiment the axial
length of the guide portion is about 2.5 mm. This has the
advantage that a very small pressure drop in the channels
of the guide portion in combination with a secure guiding
of the valve needle in the valve body can be obtained.
[0015] In further advantageous embodiments the
guide portion has a diameter of about 3.5 mm and the
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valve needle outside the guide portion and outside the
recess portion has a diameter of about 2.80 mm. These
dimensions have the advantage that the disclosed con-
figuration of the valve needle can be applied to a valve
assembly of an injection valve of an internal combustion
engine.
[0016] According to a second aspect the invention is
distinguished by an injection valve comprising an actua-
tor unit and the valve assembly. The valve needle is ac-
tuable by the actuator unit.
[0017] Exemplary embodiments of the invention are
explained in the following with the aid of schematic draw-
ings. These are as follows:

Figure 1 an injection valve with a valve assembly in a
longitudinal section view,

Figure 2 section II of the valve assembly according to
figure 1 in a longitudinal section view, and

Figure 3 the valve assembly in a cross section view
along line III-III’ of figure 2.

[0018] Elements of the same design and function that
appear in different illustrations are identified by the same
reference characters.
[0019] An injection valve 10 (figure 1) that is used as
a fuel injection valve for an internal combustion engine,
comprises a housing 12, a valve assembly 14 and an
actuator unit 16.
[0020] The housing 12 has a tubular shape. The actu-
ator unit 16 is inserted into the housing 12 and comprises
a piezo actuator, which changes its axial length depend-
ing on a control signal applied to it. The actuator unit 16
may, however, also comprise another type of actuator,
which is known to a person skilled in the art for that pur-
pose. Such an actuator may be, for example, a solenoid.
[0021] The valve assembly 14 comprises a valve body
20 with a central longitudinal axis X and a cavity 24 which
is axially led through the valve body 20. A valve needle
22 which is movable in axial direction is arranged in the
cavity 24.
[0022] The injection valve 10 has a fluid inlet portion
26 which is arranged in the housing 12 and which is hy-
draulically coupled to the cavity 24 and a not shown fuel
connector. The fuel connector is designed to be connect-
ed to a high pressure fuel chamber of an internal com-
bustion engine, the fuel is stored under high pressure,
for example, under the pressure of about 200 bar.
[0023] On one of the free ends of the cavity 24, a fluid
outlet portion 28 is formed, which is closed or open de-
pending on the axial position of the valve needle 22. Out-
side of the closing position of the valve needle 22 there
is a gap between the valve body 20 and the valve needle
22 at an axial end of the injection valve 10 facing away
from of the actuator unit 16. The gap forms a valve nozzle
29.
[0024] The valve body 20 has a valve body spring rest

32 and the valve needle 22 comprises a valve needle
spring rest 34, both spring rests 32, 34 supporting a
spring 30 arranged between the valve body 20 and the
valve needle 22.
[0025] The injection valve 10 is of an outward opening
type. In an alternative embodiment the injection valve 10
may be of an inward opening type. Between the valve
needle 22 and the valve body 20 a bellow 36 is arranged
which is sealingly coupling the valve body 20 with the
valve needle 22. By this a fluid flow between the cavity
24 and a chamber 38 in which the actuator unit 16 is
arranged is prevented. Furthermore, the bellow 36 is
formed and arranged in a way that the valve needle 22
is actuable by the actuator unit 16.
[0026] Figure 2 shows an enlarged view of the valve
assembly 14 with the valve needle 22. The valve needle
22 has an upper needle portion 40 and a lower needle
portion 42.
[0027] The lower needle portion 42 has a recess por-
tion 44 with an annular recess 45.
[0028] Furthermore, the valve needle 22 has a guide
portion 46 arranged axially between the upper needle
portion 40 and the lower needle portion 42. The guide
portion 46 can guide the valve needle 22 in the valve
body 20. The guide portion 46 comprises fluid channels
48 which allow a fluid flow from the fluid inlet portion 26
to the fluid outlet portion 28. Preferably, four fluid chan-
nels 48 are shaped as grinded flats on the surface of the
guide portion 46. The four fluid channels 48 are arranged
axial symmetrically on the guide portion 46 so that a good
axial symmetry of the fluid can be obtained.
[0029] At an axial end of the lower needle portion 42
facing away from the fluid inlet portion 26 the valve needle
22 has a tip portion 50. Preferably, the tip portion 50 is
conical. The tip portion 50 cooperates with the valve body
20 forming a seat to prevent the fluid flow through the
fluid outlet portion 28.
[0030] The valve needle 22 outside the guide portion
46 and outside the recess portion 44, in particular the
upper needle portion 40, has a diameter D_N of about 3
mm. Preferably, the diameter D_N of the valve needle
22 outside the guide portion 46 and outside the recess
portion 44 is about 2.80 mm. This is a typical and reliable
value for the diameter of the valve needle 22 of the valve
assemble 14 of the injection valve 10 for the internal com-
bustion engine.
[0031] The guide portion 46 has a diameter D_G of
about 3.5 mm and an axial length L_G of about 2 mm to
about 3 mm. The four channels 48 in the guide portion
46 have together a total cross-sectional area A_CH of
about 1.85 mm2. Preferably, the axial length L_G of the
guide portion 46 is about 2.5 mm. These dimensions al-
low to obtain a secure guiding of the valve needle 22 in
the valve body 20 in combination with a very small pres-
sure drop in the channels 48 of the guide portion 46.
[0032] The lower needle portion 42 has an axial length
L_LN of about 7 mm to about 8 mm. Preferably, the axial
length L_LN of the lower needle portion 42 is about 7.5
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mm. By this, even if swirls are generated at the exit of
the channels 48 below the guide portion 46 it can be
prevented that they reach the tip portion 50 of the valve
needle 22. Consequently, if the fluid leaves the valve
nozzle 29 a sectoral cavitation in the spray can be elim-
inated.
[0033] The recess portion 44 has a diameter D_R of
about 2 mm and a length L_R of about 2 mm to about 3
mm. Preferably, the length L_R of the recess portion 44
is about 2.53 mm and the diameter D_R is about 2.08
mm. By this, the fluid outlet portion 28 near the recess
portion 44 has a large radial extension and therefore, the
fluid flow between the valve body 20 and the recess por-
tion 44 in the fluid outlet portion 28 can be very homog-
enous. By this, the formation of swirls in the fluid in this
area can be prevented or swirls generated at the exit of
the channels 48 below the guide portion 46 can decrease
in size and velocity during their axial way through the
fluid outlet portion 28.
[0034] In particular, if the diameter D_R of the recess
portion 44 is 2.08 mm, the length L_R of the recess por-
tion 44 is 2.53 mm, the axial length L_LN is 7.5 mm, the
length L_G of the guide portion 46 is 2.5 mm, the diameter
D_N of the valve needle 22 outside the guide portion 46
and outside the recess portion 44 is 2.80 mm, and the
total cross-sectional area A_CH of the channels 48 is
1.85 mm2 an excellent spray structure with a highly axial
symmetric spray is available at the valve nozzle 29.
[0035] In the following, the function of the injection
valve 10 will be described in detail:
[0036] Generally, the fluid is led from the fluid inlet por-
tion 26 in the housing 12 to the upper needle portion 40
and to the guide portion 46. Then the fluid passes through
the channels 48 of the guide portion 46 and reaches the
lower needle portion 42 to be led between the valve body
20 and the recess portion 44 to the fluid outlet portion 28
near the tip portion 50 of the valve needle 22. The valve
needle 22 prevents a fluid flow through the fluid outlet
portion 28 in the valve body 20 in a closing position of
the valve needle 22. Outside of the closing position of
the valve needle 22, the valve needle 22 enables the fluid
flow through the fluid outlet portion 28.
[0037] In the case that the actuator unit 16 has a pie-
zoelectric actuator, the piezoelectric actuator may
change its axial length if it gets energized in an expansion
duration of some micro-seconds. By changing its length
the actuator unit 16 may effect a force on the valve needle
22. The valve needle 22 can move in axial direction out
of the closing position to form the gap between the valve
body 20 and the valve needle 22 at the axial end of the
injection valve 10 facing away from of the actuator unit 16.
[0038] The spring 30 can force the valve needle 22 via
the valve needle spring rest 34 towards the actuator unit
16. In the case when the actuator unit 16 is de-energized
the actuator unit 16 shortens its length. The spring 30
can force the valve needle 22 to move in axial direction
in its closing position. It is depending on the force balance
between the force on the valve needle 22 caused by the

actuator unit 16 and the force on the valve needle 22
caused by the spring 30 whether the valve needle 22 is
in its closing position or not.
[0039] The small length L_G of the guide portion 46
allows to have a short length of the channels 48 that
combined with the large total cross sectional area A_CH
lead to minimize the pressure drop across the guide por-
tion 46 as well as the average flow speed. Such an ar-
rangement associated with the annular recess 45 and
the lower needle portion 42 contributes to avoid that vor-
texes detached at the end of the guide portion 46 are
transported to the valve nozzle 29. Therefore, the angle
and the structure of the fluid spray outside the valve noz-
zle 29 can be kept very constant in view of the time and
a sectoral partition of momentum in the spray can be
eliminated.
[0040] Furthermore, the dimensioning of the different
parts of the valve needle 22 as described above can re-
sult in a high shot-to-shot stable and uniform spray struc-
ture, even in the case that the injection process makes
long pulses of the spray necessary.

Claims

1. Valve assembly (14) of an injection valve (10), the
valve assembly (14) comprising

- a valve body (20) including a central longitudi-
nal axis (X), the valve body (20) comprising a
cavity (24) with a fluid outlet portion (28),
- a valve needle (22) axially movable in the cavity
(24), the valve needle (22) preventing a fluid flow
through the fluid outlet portion (28) in a closing
position and releasing the fluid flow through the
fluid outlet portion (28) in further positions, the
valve needle (22) having
- a guide portion (46) being designed to guide
the valve needle (22) in the valve body (20) and
having fluid channels (48) being designed to en-
able a fluid flow to the fluid outlet portion (28),
- a tip portion (50) being designed to act together
with the valve body (20) to prevent the fluid flow
through the fluid outlet portion (28), and
- a lower needle portion (42) being arranged ax-
ially between the guide portion (46) and the tip
portion (50), wherein
- the lower needle portion (42) comprises a re-
cess portion (44) with an annular recess (45),
- the lower needle portion (42) has an axial
length (L_LN) of about 7 mm to about 8 mm,
- the guide portion (46) has an axial length (L_
G) of about 2 mm to about 3 mm, and
- the channels (48) in the guide portion (46) have
a total cross sectional area (A_CH) of about 2
mm2.

2. Valve assembly (14) in accordance with claim 1,
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wherein the recess portion (44) has a diameter (D_
R) of about 2 mm to about 2.2 mm and a length (L_
R) of about 2 mm to about 3 mm.

3. Valve assembly (14) in accordance with claim 2,
wherein the diameter (D_R) of the recess portion
(44) is about 2.08 mm.

4. Valve assembly (14) in accordance with claim 2 or
3, wherein the length (L_R) of the recess portion (44)
is about 2.53 mm.

5. Valve assembly (14) in accordance with one of the
preceding claims, wherein the axial length (L_LN) of
the lower needle portion (42) is about 7.5 mm.

6. Valve assembly (14) in accordance with one of the
preceding claims, wherein the axial length (L_G) of
the guide portion (46) is about 2.5 mm.

7. Valve assembly (14) in accordance with one of the
preceding claims, wherein the guide portion (46) has
a diameter (O_G) of about 3.5 mm.

8. Valve assembly (14) in accordance with one of the
preceding claims, wherein the total cross sectional
area (A_CH) is about 1.85 mm2.

9. Valve assembly (14) in accordance with one of the
preceding claims, wherein the valve needle (22) out-
side the guide portion (46) and outside the recess
portion (44) has a diameter (D N) of about 2.80 mm.

10. Injection valve (10) comprising an actuator unit (16)
and the valve assembly (14) in accordance with one
of the preceding claims, wherein the valve needle
(22) is actuable by the actuator unit (16).
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