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(54) Injection valve

(57) Injection valve comprising a central longitudinal
axis (L) and a valve needle (10). The valve needle (10)
comprises a valve needle body (20) being actuated to
move axially. The valve needle (10) further comprises a
sealing element (50) preventing a fluid injection in a clos-
ing position and permitting the fluid injection in further

positions. Furthermore the valve needle (10) comprises
at least one damping element (60) being arranged to cou-
ple the valve needle body (20) to the sealing element
(50). The damping element (60) is operable to absorb at
least partially a kinetic energy of the valve needle body
(20), if the sealing element (50) reaches its closing posi-
tion.
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Description

[0001] The invention relates to an injection valve com-
prising a valve needle.
[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 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 valve needle of the injection valve, which may, for
example, be an electromagnetic actuator.
[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] US 6,523,759 B1 discloses that during opera-
tion of the injection valve, a close action of the valve nee-
dle to prevent dosing of fluid into the intake manifold or
into the combustion chamber is followed by an unwanted
reopen and close phase of the valve needle, called nee-
dle bounce. During the unwanted reopen and close
phase, unwanted fluid is dispensed from the injection
valve, resulting in a degraded performance of the injec-
tion valve. Therefore, a flow restrictor is disposed in an
armature of the valve needle to restrict fluid flow towards
an upstream end of the armature, resulting in a reduced
bouncing of the valve needle.
[0006] The object of the invention is to create an injec-
tion valve which facilitates a reliable and precise function.
[0007] These objects are achieved by the features of
the independent claim. Advantageous embodiments of
the invention are given in the sub-claims.
[0008] The invention is distinguished by an injection
valve comprising a central longitudinal axis and a valve
needle. The valve needle comprises a valve needle body
being actuated to move axially. The valve needle further
comprises a sealing element preventing a fluid injection
in a closing position and permitting the fluid injection in
further positions. Furthermore, the valve needle compris-
es at least one damping element being arranged to cou-
ple the valve needle body to the sealing element. The
damping element is operable to absorb at least partially
a kinetic energy of the valve needle body, if the sealing
element reaches its closing position. This contributes to
minimizing a bouncing of the valve needle and by this
contributes to ensuring a reliable and precise fuel injec-
tion. Preferably the valve needle body is coupled to an

armature which is actuated by a solenoid in case of an
electromagnetic actuated injection valve. In case of a pi-
ezoelectric injection valve, the valve needle body is pref-
erably coupled to a piezoelectric actuator. The valve nee-
dle body and the sealing element are axially moveable
relative to each other and are axially spaced to each other
via the at least one damping element. In the moment of
reaching the closing position, the damping element at
least partially absorbs the kinetic energy of the movement
of the valve needle body, thus reducing the bouncing of
the sealing element and an uncontrolled fuel injection
while the injection valve is in a closing phase.
[0009] In an advantageous embodiment of the inven-
tion the valve needle body comprises a cavity. The valve
needle further comprises a first fixing device being ar-
ranged at least partially within the cavity. The first fixing
device comprises at least one first retainer being coupled
to a first end of the at least one damping element. Fur-
thermore the valve needle comprises a second fixing de-
vice being coupled to the sealing element. The second
fixing device comprises at least one second retainer be-
ing coupled to a second end of the at least one damping
element. The first and the second fixing device are axially
spaced to each other via the at least one damping ele-
ment. The first fixing device is fixedly coupled to the valve
needle body and the second fixing device is fixedly cou-
pled to the sealing element. The first and second fixing
device facilitate a coupling of the sealing element to the
valve needle body via the damping element while reduc-
ing a bouncing of the valve needle when the sealing el-
ement reaches the closing position. The first and second
fixing device are separate components and only coupled
via the damping element.
[0010] In a further advantageous embodiment of the
invention the first and/or second fixing device are shaped
and/or operable to arrange the sealing element coaxial
to the valve needle body. This contributes to ensuring a
precise and reliable fuel injection while the bouncing of
the valve needle is reduced.
[0011] In a further advantageous embodiment of the
invention the first and the second fixing device are basi-
cally identical in construction. This contributes to ensur-
ing a simple and cost-efficient manufacturing of the in-
jection valve.
[0012] In a further advantageous embodiment of the
invention the sealing element has a spherical or conical
shape. This contributes to ensuring a reliable and precise
function of the injection valve.
[0013] In a further advantageous embodiment of the
invention the at least one damping element comprises
polymer material. This contributes to ensuring a good
damping of the movement of the valve needle body, if
the sealing element reaches its closing position.
[0014] In a further advantageous embodiment of the
invention the at least one damping element is fixed to the
first and/or second fixing device by means of vulcaniza-
tion. This contributes to ensuring a robust coupling of the
at least one damping element to the corresponding fixing
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device.
[0015] An exemplary embodiment of the invention is
explained in the following with the aid of a schematic
drawing. The figure depicts an injection valve with a valve
needle.
[0016] Elements of the same design and function are
identified by the same reference character.
[0017] An injection valve 100 (figure), that is in partic-
ular suitable for dosing fuel into an internal combustion
engine, comprises an injection valve housing 40 with a
central longitudinal axis L, a valve needle 10 and a valve
needle seat 70. The valve needle 10 comprises a valve
needle body 20, a sealing element 50, a first and second
fixing device 80, 90 and two damping elements 60.
[0018] The valve needle body 20 preferably has a cy-
lindrical shape and is actuated by an actuator of the in-
jection valve 100, e.g. an electromagnetic actuator or a
piezoelectric actuator. While being actuated the valve
needle body 20 moves axially within the injection, valve
housing 40. The valve needle body 20 comprises a cavity
30 wherein the first fixing device 80 is partially disposed.
The first fixing device 80 is fixedly coupled to the valve
needle body 20, e.g. by welding or press-fitting. The first
fixing device 80 comprises in the case of two damping
elements 60, two retainers 110, each being fixedly cou-
pled to a first end of the particular damping element 60,
preferably by means of vulcanization.
[0019] Also the second fixing device 90 comprises two
retainers 120, each being fixedly coupled to a second
end of the particular damping element 60, preferably by
means of vulcanization. The second fixing device 90 is
fixedly coupled to the sealing element 50, e.g. by welding.
Preferably the first and second fixing device 80, 90 are
basically identical in construction. This facilitates a simple
manufacturing of the valve needle 10.
[0020] The sealing element 50 and the valve needle
body 20 are coupled to each other via the damping ele-
ments 60. The use of the retainers and fixed coupling of
the damping element 60 to the particular fixing device
contributes to ensuring a coaxial position of the sealing
element 50 to the valve needle body 20 while the valve
needle 10 is actuated. Preferably each of the fixing de-
vices 80, 90 comprises at least one guiding part 130,
being arranged to axially stabilize a movement of the
sealing element 50 and to facilitate a reliable and precise
fuel injection. By this both damping elements 80, 90 ba-
sically contribute to the damping of the valve needle body
20 in equal parts. In the closing position of the valve nee-
dle 10, the first and second device 80, 90 are still axially
spaced to each other.
[0021] The sealing element 50 has a spherical shape.
Alternatively, the sealing element 50 can have a conical
shape. In a closing position of the valve needle 10, the
sealing element 50 sealingly rests on the valve needle
seat 70, by this preventing a fluid flow through at least
one injection nozzle of the injection valve 100. The injec-
tion nozzle may be, for example, an injection hole. How-
ever, it may also be of some other type suitable for dosing

fluid. The sealing element 50 permits the fluid injection
into the combustion chamber in further positions, i.e.
when it does not rest on the valve needle seat 70. The
further positions represent non-closing positions.
[0022] Preferably each damping element 60 is at least
partially made of polymer material which has damping
properties and is therefore suitable for at least partially
absorbing the kinetic energy of the valve needle body
20, if the sealing element 50 impacts the valve needle
seat 70.
[0023] If the sealing element 50 impacts the valve nee-
dle seat 70 in a closing phase of the injection valve 100
the damping elements 60 basically decouple the sealing
element 50 from the movement of the valve needle body
20. By this the movement of the valve needle body 20
does not affect the position of the sealing element 50
which still rests on the valve needle seat 70, while the
kinetic energy of the valve needle body 20 is at least
partially absorbed by the damping elements 60. Prefer-
ably the kinetic energy is absorbed and/or dissipated via
the damping elements 60.
[0024] The damping elements 60 can also have elastic
properties, so after the sealing element 50 impacts the
valve needle seat 70, the valve needle body 20 typically
oscillates in axial direction with decreasing oscillation
amplitude. A damping constant of the decreasing oscil-
lation of the valve needle body 20 is, among other effects,
dependent on the damping elements 60. Due to the de-
coupling of the axial oscillation of the valve needle body
20 and the sealing element 50, the sealing element 50
still rests on the valve needle seat 70 and by this contrib-
utes to eliminating a bouncing of the sealing element 50
after impacting the valve needle seat 70. This contributes
to preventing an uncontrolled fuel injection during the
closing phase of the injection valve 100.
[0025] Alternatively the injection valve 100 comprises
only one damping element 60 or more than two damping
elements.

Claims

1. Injection valve, comprising a central longitudinal axis
(L) and a valve needle (10), the valve needle (10)
comprising

- a valve needle body (20) being actuated to
move axially,
- a sealing element (50) preventing a fluid injec-
tion in a closing position and permitting the fluid
injection in further positions,
- at least one damping element (60), being ar-
ranged to couple the valve needle body (20) to
the sealing element (50), the damping element
(60) being operable to absorb at least partially
a kinetic energy of the valve needle body (20),
if the sealing element (50) reaches its closing
position.
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2. Injection valve according to claim 1, the valve needle
(10) comprising

- a cavity (30) within the valve needle body (20),
- a first fixing device (80), being arranged at least
partially within the cavity (30) and comprising at
least one first retainer (110), the first retainer
(110) being coupled to a first end of the at least
one damping element (60),
- a second fixing device (90), being coupled to
the sealing element (50) and comprising at least
one second retainer (120), the second retainer
(120) being coupled to a second end of the at
least one damping element (60), whereas the
first and the second fixing device (80, 90) are
axially spaced to each other via the at least one
damping element (60).

3. Injection valve according to claim 2, the first and/or
second fixing device (80, 90) being shaped and/or
being operable to arrange the sealing element (50)
coaxial to the valve needle body (20).

4. Injection valve according to claim 2 or 3, wherein the
first and the second fixing device (80, 90) are basi-
cally identical in construction.

5. Injection valve according to one of the preceding
claims, the sealing element (50) having a spherical
or conical shape.

6. Injection valve according to one of the preceding
claims, the at least one damping element (60) com-
prises polymer material.

7. Injection valve according to one of claims 2 to 6,
wherein the at least one damping element (60) is
fixed to the first and/or second fixing device (80, 90)
by means of vulcanization.
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