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(54) Valve needle, valve assembly and injection valve

(57) A valve needle (12) for an injection valve (2) is
specified. The valve needle (12) has a barrel (14) and an
inner recess (32) extending from an upper end (44) in
direction to a lower end of the valve needle (12) and en-

abling a fluid flow inside the valve needle (12). The valve
needle (12) comprises a plurality of orifices (46) forming
a sieve-like structure in the barrel (14). Further, a valve
assembly (4) for an injection valve (2) and an injection
valve (2) are specified.



EP 2 698 525 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The invention relates to a valve needle, a valve
assembly for an injection valve and an injection valve.
[0002] Injection valves are in widespread use, in par-
ticular for an internal combustion engine 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.
[0004] In order to enhance the combustion process in
view of degradation of unwanted emissions, the respec-
tive injection valve may be suited to dose fluids under
high pressures. The pressures may be in the range of up
to 200 bar for gasoline engines or in the range of more
than 2000 bar for diesel engines.
[0005] It is an object of the invention is to specify a
valve needle, a valve assembly and an injection valve
which are simple to be manufactured and/or which facil-
itate a reliable and precise function.
[0006] This object is achieved by the features of the
independent claims. Advantageous embodiments of the
invention are given in the dependent claims.
[0007] According to a first aspect a valve needle is
specified. The valve needle is in particular a valve needle
for an injection valve. The valve needle has an upper end
and a tip opposite the upper end. Between the upper end
and the tip, the valve needle comprises a barrel. In par-
ticular, an inner recess is formed by means of the barrel,
the inner recess extending from the upper end in direction
toward the tip. The valve needle comprises a plurality of
orifices forming a sieve-like structure in the barrel of the
valve needle. In particular, the barrel has at least one
zone where it is perforated by the orifices. In this way,
fluid may enter the recess of the valve needle at the upper
end and leave the valve needle to the outside through
the orifices.
[0008] The expression "sieve-like structure" means in
particular that the cross-sectional areas of the individual
orifices are considerably smaller than the area-content
of the perforated zone on an exterior surface of the barrel.
For example, the cross-sectional area of each orifice has
a value of 1/20 or less, preferably of 1/100 or less, for
example of 1/500 or less of the area-content of the per-
forated zone on the exterior surface. In this way, the per-
forated zone may comprise a large number of orifices.
The perforated zone has for example 50 orifices or more,
preferably 150 orifices or more and in particular 300 or-
ifices or more. In one embodiment, a plurality of the ori-
fices are arranged subsequent to each other in an axial
direction of the valve needle, i.e. in the direction from the
upper end to the tip. For example 5 or more orifices, and

in particular 50 or less orifices, are arranged in a row in
the axial direction.
[0009] According to another aspect, a valve assembly
for an injection valve is specified. The valve assembly is
in particular a valve assembly of an injection valve. The
valve assembly comprises a valve body including a cen-
tral longitudinal axis. The valve body has a cavity, the
cavity having a fluid inlet portion and a fluid  outlet portion.
The valve assembly comprises a valve needle axially
movable in the cavity. The valve needle is in particular
the valve needle according to the first aspect. 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 valve nee-
dle has an upper end facing the fluid inlet portion and an
inner recess extending from the upper end in direction
to the fluid outlet portion and enabling a fluid flow inside
the valve needle. The valve needle comprises a plurality
of orifices forming a sieve-like structure in a barrel of the
valve needle and being designed to enable a fluid flow
between the inner recess and the fluid outlet portion.
[0010] This has the advantage that a direct fluid flow
from the inner recess of the valve needle through the
orifices to the fluid outlet portion may be obtained. As the
orifices are forming the sieve-like structure the fluid may
be filtered from particles before these particles may reach
the fluid outlet portion. Furthermore, a very homogene-
ous distribution of the fluid downstream the valve needle
may be obtained. Furthermore, pressure fluctuations of
the fluid inside the valve body may be kept small. This
can result in an excellent dynamic performance of the
injection valve. Consequently, a long life-time of the valve
assembly is possible.
[0011] In an advantageous embodiment, the orifices
are arranged evenly circumferentially in the barrel of the
valve needle. In particular, the number of orifices per unit
area is constant throughout the perforated zone in this
case. For example, the orifices are arranged at the grid
points of a uniform imaginary grid on the exterior surface.
The orifices may be arranged in - preferably evenly
spaced - columns and may be evenly spaced within the
columns. The columns expediently extend in axial direc-
tion. The uniform circumferential arrangement has the
advantage that  a circumferentially homogeneous distri-
bution of the fluid downstream the valve needle may be
obtained.
[0012] In a further advantageous embodiment, the or-
ifices are arranged in at least two zones of the barrel of
the valve needle. The at least two zones are distanced
from each other in axial direction. In other words, the
valve needle has two axially spaced perforated zones.
On the one hand, this has the advantage that a homo-
geneous distribution of the fluid downstream the valve
needle may be obtained. On the other hand, a draining
or an emptying of the valve needle for service purposes
may be carried out in an easy manner.
[0013] In a further advantageous embodiment, the or-
ifices have a diameter in the range between 0.03 and
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0.07 mm. This has the advantage that a very homoge-
neous fluid flow from the inner recess of the valve needle
to the fluid outlet portion via the openings may be ob-
tained. Furthermore, it may be prevented that particles
of a given size may reach the fluid outlet portion.
[0014] In a further advantageous embodiment, the or-
ifices are laser-drilled orifices. This has the advantage
that the orifices may be produced in a simple manner.
Consequently, a low cost solution for the orifices and the
valve assembly may be obtained. Additionally, an exact
size and exact positions of the orifices may be obtained.
In particular, accurate and reproducible manufacturing
is possible in this way.
[0015] According to a further aspect, an injection valve
with an actuator unit and a valve assembly according to
the preceding aspect is specified. The actuator unit com-
prises an armature. The armature is arranged in the cav-
ity and is moveable relative to the valve needle and is
designed to mechanically cooperate with the valve nee-
dle.
[0016] 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 in a longitudinal section
view,

Figure 2, an enlarged view of a valve needle in a
perspective view, and

Figure 3, an enlarged view of a section of the valve
needle in a perspective view.

[0017] Elements of the same design and function that
appear in different illustrations are identified by the same
reference characters.
[0018] An injection valve 2 (Figure 1) that is in particular
suitable for dosing fuel to an internal combustion engine
comprises a valve assembly 4 and an actuator unit 6.
[0019] The valve assembly 4 comprises a valve body
10 with a central longitudinal axis L and a cavity 11. A
valve needle 12 is arranged in the cavity 11. The valve
needle 12 can be moved in the cavity 11 in axial direction.
The valve needle 12 is essentially cylindrical and has a
barrel 14. The valve needle 12 is hollow with an inner
recess 32.
[0020] The actuator unit 6 has an armature 16 which
is arranged in the cavity 11. A recess is provided in the
armature 16 which takes up a part of the valve needle
12. The armature 16 can move relative to the valve nee-
dle 12. In the cavity 11 an armature spring 18 is arranged
and is coupled to the armature 16 to exert a force on the
armature 16 in axial direction.
[0021] A recess 20 is provided in the valve body 10. A
main spring 22 is arranged in the recess 20. The main
spring 22 is mechanically coupled to the valve needle 12
to exert a force on the valve needle 12 in axial direction.
[0022] The valve needle 10 comprises a seat part 28

which has a spherical shape. The seat part 28 closes the
valve needle 10 at its lower end, i.e. at its tip. In the closing
position of the valve needle 12 the seat part 28 rests on
a seat body 26 being part of the valve body 10. In this
case a fluid flow through at least one injection nozzle 30
is prevented. The injection nozzle 30 may be an injection
hole for example.
[0023] A guide element 34 is arranged in the cavity 11.
The guide element 34 is coupled to the valve needle 12.
The guide element 34 is provided for guiding the valve
needle 12 inside the valve body 10. The guide element
34 and the armature 16 are forming an interlocking device
so that the armature 16 entrains the guide element 34
for an axial movement of the valve needle 12.
[0024] The main spring 22 rests on a first spring seat
being formed by the surface of the guide element 34 and
a second spring seat being formed by a tube 36 which
is provided in the recess 20.
[0025] The actuator unit 6 preferably comprises an
electromagnetic actuator with a coil 38. The coil 38, the
armature 16 and parts of the valve body 10 are forming
an electromagnetic circuit.
[0026] The valve assembly 4 has a fluid inlet portion
40 which is provided in the valve body 10. Furthermore,
the valve assembly 4 has a fluid outlet portion 42 which
is provided in the valve body 10 near the seat body 26.
In particular the fluid outlet portion 42 comprises the seat
body 26. The fluid inlet portion 40 and the fluid outlet
portion 42 may be arranged at opposite ends of the valve
assembly  in a longitudinal direction. The fluid inlet portion
40 is in hydraulic communication with the fluid outlet por-
tion 42.
[0027] The valve needle 12 has an upper end 44 facing
the fluid inlet portion 40. The inner recess 32 of the valve
needle 12 extends from the upper end 44 in direction to
the fluid outlet portion 42. It is in particular formed by the
barrel 14.
[0028] Figures 2 and 3 show details of the valve needle
12 which has a plurality of orifices 46. The orifices 46 are
arranged circumferentially on the barrel 14 of the valve
needle 12 in a uniform manner. The orifices 46 form a
sieve-like structure on the barrel 14 of the valve needle
12. Fluid may flow from the inner recess 32 inside the
valve needle 12 through the orifices 46 in the barrel 14
to the fluid outlet portion 42. Preferably, the orifices 46
have a diameter in the range between 0.03 and 0.07 mm,
in particular in the case that the valve needle 12 of the
injection valve 2 has a typical diameter of about 2-2.5
mm. Preferably the orifices 46 are laser-drilled.
[0029] As may be seen in Figure 2, the orifices 46 are
arranged in two zones Z1, Z2 of the valve needle 12. The
two zones Z1, Z2 are distanced from each other in axial
direction.
[0030] In the following, the function of the injection
valve is described in detail:
[0031] The fluid is led from the fluid inlet portion 40 to
the inner recess 32 of the valve needle 12. The main
spring 22 forces the valve needle 12 in axial direction
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towards the seat body 26. It is depending on the force
balance between the force on the valve needle 12 caused
by the actuator unit 6 and the force on the valve needle
12 caused by the main spring 22 whether the valve nee-
dle 12 is in its closing position or not.
[0032] When the actuator unit 6 is de-energized, the
main spring 22 can exert a force on the valve needle 12
in a manner that the valve needle 12 can move in axial
direction in its closing position, and the seat part 28 is
forced to sealingly rest on the seat body 26. The armature
spring 18 may dampen the movements of the armature
16 and the valve needle 12 in axial direction towards the
seat body 26. With advantage, the transfer of kinetic en-
ergy to the seat body 26 when the valve needle 12 reach-
es the closing position is particularly low due to the ar-
mature 16 which is axially movable with respect to the
valve needle 12. In the closing position of the valve nee-
dle 12 a fluid flow through the fluid outlet portion 42 and
the injection nozzle 30 is prevented.
[0033] If the actuator unit 6 is energized, the actuator
unit 6, in particular the armature 16, may exert a force
on the valve needle 12. The force from the armature 16
on the valve needle 12 is contrary to the force on the
valve needle 12 caused by the main spring 22. Thus, the
valve needle 12 is able to move in axial direction out of
the closing position. Outside of the closing position of the
valve needle 12, there is a gap between the seat body
26 and the seat part 28 of the valve needle 12. This gap
enables a fluid flow on fluid paths from the inner recess
32 of the valve needle 12 through the orifices 46 in the
zones Z1, Z2 to the fluid outlet portion 42 and further
through the injection nozzle 30.
[0034] In general, a homogenous fluid distribution
downstream the outside of the barrel 14 of the valve nee-
dle 12 in an angular range of 360° may be obtained due
to the orifices 46 being uniformly distributed over the cir-
cumference of the valve needle 12. Consequently, an
appropriate shape of the spray of the injection valve 2
may be obtained.
[0035] Furthermore, fluid which flows through the valve
assembly 4 may be filtered from particles by the sieve-
like structure formed by the orifices 46. In particular, the
fluid may be filtered from particles which have been cre-
ated inside the injection valve 2. Consequently, the fluid
outlet portion 42 in particular between the seat part 28
and the seat body 26 may be kept free from particles.
[0036] Additionally, due to the possibility to create a
defined passage area of the orifices 46 pressure fluctu-
ations of the fluid inside the valve body 10 may be kept
small.
[0037] Consequently, a high reliability and a long life-
time of the valve assembly 4 and the injection valve 2
may be obtained.

Claims

1. Valve needle (12) for an injection valve (2), the valve

needle (12) having a barrel (14) and an inner recess
(32) extending from an upper end (44) in direction
to a lower end of the valve needle (12) and enabling
a fluid flow inside the valve needle (12), wherein
the valve needle (12) comprises a plurality of orifices
(46) forming a sieve-like structure in the barrel (14).

2. Valve needle (12) in accordance with claim 1, where-
in the orifices (46) are arranged evenly circumferen-
tially in the barrel (14) of the valve needle (12).

3. Valve needle (12) in accordance with claim 1 or 2,
wherein the orifices (46) are arranged in at least two
zones (Z1, Z2) of the barrel (14) of the valve needle
(12), the at least two zones (Z1, Z2) being distanced
from each other in an axial direction.

4. Valve needle (12) in accordance with one of the pre-
ceding claims, wherein the orifices (46) have a di-
ameter in the range between 0.03 and 0.07 mm.

5. Valve needle (12) in accordance with one of the pre-
ceding claims, wherein the orifices (46) are laser-
drilled orifices.

6. Valve assembly (4) for an injection valve (2), the
valve assembly (4) comprising

- a valve body (10) including a central longitudi-
nal axis (L), the valve body (10) having a cavity
(11), the cavity (11) having a fluid inlet portion
(40) and a fluid outlet portion (42),
- a valve needle (12) according to one of the
preceding claims, wherein the valve needle is
axially movable in the cavity (11), the valve nee-
dle (12) prevents a fluid flow through the fluid
outlet portion (42) in a closing position and re-
leases the fluid flow through the fluid outlet por-
tion (42) in further positions, the upper end (44)
of the valve needle (12) faces the fluid inlet por-
tion (40) and the inner recess (32) extends from
the upper end (44) in direction to the fluid outlet
portion (42, the orifices (46) are designed to en-
able a fluid flow between the inner recess (32)
and the fluid outlet portion (42).

7. Injection valve (2) with an actuator unit (6) and a
valve assembly (4) according to the preceding claim,
wherein the actuator unit (6) comprises an armature
(16) which is arranged in the cavity (11) and is move-
able relative to the valve needle (12) and is designed
to mechanically cooperate with the valve needle
(12).
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