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(54) Injector for injecting fluid

(57) An injector for injecting fluid comprises:
- a valve needle (6), being axially moveable and being
operable to prevent a fluid injection in a closing position
and to permit the fluid injection in further positions,
- an armature (3) being mechanically coupled to the valve
needle (6),
- a valve body (4) that comprises a recess (5) which takes
in the valve needle (6),
- a first valve spring (9) that is mechanically coupled to
the armature (3) with a first end (12) and mechanically
coupled to a damping element (11) with an opposed sec-
ond end (13);
- a second valve spring (10) that is mechanically coupled
to the damping element (11) with a first end (14) and
mechanically coupled to the valve body (4) with an op-
posed second end (15).
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Description

[0001] The invention relates to an injector for injecting
fluid and relates particularly to an injector for injecting
fuel into an internal combustion engine.
[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] After a desired injection during the injector clos-
ing phase a post injection can occur caused by an injector
reopening.
[0006] The object of the invention is to provide an in-
jector for injecting fluid that works reliably.
[0007] According to an aspect, the invention is char-
acterized by an injector for injecting fluid. The injector
comprises a longitudinal axis and a valve needle that is
axially movable. The valve needle is operable to prevent
a fluid injection in a closing position and permits the fluid
injection in further positions. The fluid injector further
comprises an armature that is mechanically coupled to
the valve needle. The injector further comprises a valve
body that comprises a recess which takes in the valve
needle. The valve needle is axially movable with respect
to the valve body.
[0008] The injector further comprises a first valve
spring that is mechanically coupled to the armature with
a first end and mechanically coupled to a damping ele-
ment with an opposed second end. The injector further
comprises a second valve spring that is mechanically
coupled to the damping element with a first end and me-
chanically coupled to the valve body with an opposed
second end. The two valve springs are preloaded for
keeping the armature in position.
[0009] The damping element provides a mass damp-
ing during closing of the fluid injector. According to further
embodiments, the damping element provides a hydraulic
damping during closing of the fluid injector. The damping
element provides a damping of the valve needle during
closing of the fluid injector. Due to the damping applied

by the damping element to the valve needle, a reopening
during the injector closing phase is reduced or eliminated.
Therefore, the injector works reliably.
[0010] In the following, embodiments of the invention
are illustrated with reference to the schematic drawings.
Elements of same construction or function are provided
with the same reference signs throughout the figures.

Figure 1 schematically shows an injection device ac-
cording to an embodiment, and

Figure 2 schematically shows a first view of a portion
of the injector according to Figure 1.

[0011] Figure 1 shows an injector for injecting a fluid.
Particularly, the injector is designed for injecting fuel into
a cylinder of an internal combustion engine of, for exam-
ple, a vehicle and particularly an automobile. The fluid
injector has a longitudinal axis L and further comprises
a housing 1 and a valve body 4. The valve body 4 has a
recess 5 in which a valve needle 6 is arranged axially
movable.
[0012] The valve needle 6 comprises a closing element
at its downstream end arranged for closing the injector
in its closed position inhibiting a fluid flow and for allowing
the fluid flow otherwise.
[0013] In the closing position of the fluid injector, the
valve needle 6, in particular the closing element, sealingly
rests on a seat and prevents in this way a fluid flow
through at least one injection nozzle. The injection nozzle
may, for example, be an injection hole, it may, however,
also be of some other type suitable for dosing fluid. The
seat may be made as one part with the valve body 4 or
may also be made as a separate part. A fluid injection is
permitted, if the valve needle 6 is in further positions.
[0014] The injector further comprises a lifting device
with an actuator 8 for moving the valve needle 6 in its
axial direction for opening and/or closing the injector. The
actuator is preferably a solenoid actuator. The actuator
may alternatively be a piezo-actuator.
[0015] The housing 1 and an armature 3 form a mag-
netic circuit. The magnetic circuit guides a magnetic flux
of a magnetic field being generated by the solenoid ac-
tuator 8.
[0016] The solenoid actuator 8 comprises at least one
coil. The coil is preferably overmolded. The solenoid ac-
tuator may comprise more than one coil.
[0017] The actuator 8 is arranged to interact with the
armature 3. The armature 3 is mechanically coupled with
the valve needle 6. The armature 3 cooperates with the
valve needle 6 such that at least part of the lift generated
by the actuator 8 with respect to the armature 3 is trans-
ferred to the valve needle 6, moving the closing element
in its open position in which fluid injection is permitted. A
needle closing force is provided by a calibration spring
that applies a force to the valve needle 6 in the closing
direction.
[0018] According to embodiments, the armature is
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temporarily coupled to the valve needle, such that a
movement of the armature 11 causes a movement of the
valve needle 6 to move in the open position. In a different
instant of time the valve needle 6 and the armature 3 can
move relative to each other, particularly during the clos-
ing phase of the valve needle 6.
[0019] Further, the valve springs 9 and 10 are preload-
ed during assembly of the injector. The two valve springs
9 and 10 are preloaded and thus, keep the armature in
position.
[0020] Figure 2 shows a portion of the injector accord-
ing to the embodiment of figure 1 in more detail.
[0021] The injector comprises a damping element 11.
The damping element 11 is arranged between the arma-
ture 3 and the closing element along the axis L. The
damping element 11 is arranged within the valve body 4.
[0022] The damping element 11 comprises a disk-
shaped form. The damping element 11 comprises an
opening in a middle portion through which the valve nee-
dle 6 is guided. The outer shape of the damping element
11 is preferably round. The outer shape of the damping
element 11 depends on the inner shape of the valve body
4 in the region where the two valve springs 9 and 10 are
arranged. The damping element 11 comprises a hollow
cylindrical form along the axis L. Across the axis L in the
sectional view of figure 2, first there is a portion of the
valve body 4, then a portion of the damping element 11,
then a portion of the valve needle 6, then a further portion
of the damping element 11 and then a further portion of
the valve body 4. The damping element 11 is designed
such that between the valve body 4 and the damping 11
is a free space. The damping element 11 is designed
such that the valve body 4 and the damping 11 have no
contact with each other. Further, the damping element
11 is designed such that between the valve needle 6 and
the damping 11 is a free space. The damping element
11 is designed such that the valve needle 6 and the damp-
ing 11 have no contact with each other. The damping
element 11 is kept in position by the two valve springs 9
and 10.
[0023] The first valve spring 9 rests on a spring seat
of the armature 14 with a first end 12. The first valve
spring rests on the damping element 11 with a second
end 13, the second end 13 being opposite the first end 12.
[0024] The second valve spring 10 rests on a spring
seat of the damping element 11 with a first end 14 and
rests on a spring seat of the valve body 4 with a second
end 15, the second end 15 being opposite the first end 14.
[0025] The spring seat of the damping element 11 for
the first spring 9 is on a first side 16 of the damping ele-
ment 11. The spring seat for the second valve spring 10
is on a second side 17 of the damping element 11. The
first side 16 and the second side 17 are opposed to each
other.
[0026] Along the axis L in the sectional view of figure
2, first there is the armature 3, then the first spring 9, then
the damping element 11, then the second spring 10 and
then the spring seat of the valve body 4.

[0027] A force of the second spring 10 is applied to the
damping element 11. A force of the first spring 9 is applied
to the damping element 11 and the armature 3. The first
spring 9 and the second spring 10 together provide a
force from the valve body 4 to the armature 3. The total
preloads of the two valve springs 9 and 10 are designed
to be together equal to a single ordinary spring used in
ordinary injectors for injecting fuel. Therefore, the injector
dynamics of the injector with two valve springs 9 and 10
remains equal to the injector dynamics of an ordinary
injector with only one single valve spring.
[0028] The damping element 11 acts as a hydraulic
and mechanic damper. Due to the hydraulic and mechan-
ic damping of the damping element 11 an undesired
movement of the armature is avoided. Due to the hydrau-
lic and mechanic damping of the damping element 11 an
undesired opening during the closing of the injector is
avoided. The damping element 11 divides the valve body
volume into two parts. With proper spring stiffness of each
of the valve spring 9 and 10 and mass values, the damp-
ing element works as a mass damper. The small volume
between the armature 3 and the damping element 11
works as a hydraulic damper during the closing phase of
the injector, especially during the armature overshot.

Claims

1. Injector for injecting fluid, comprising

- a valve needle (6), being axially moveable and
being operable to prevent a fluid injection in a
closing position and to permit the fluid injection
in further positions,
- an armature (3) being mechanically coupled to
the valve needle (6),
- a valve body (4) that comprises a recess (5)
which takes in the valve needle (6),
- a first valve spring (9) that is mechanically cou-
pled to the armature (3) with a first end (12) and
mechanically coupled to a damping element
(11) with an opposed second end (13);
- a second valve spring (10) that is mechanically
coupled to the damping element (11) with a first
end (14) and mechanically coupled to the valve
body (4) with an opposed second end (15).

2. Injector according to claim 1, wherein the damping
element (11) comprises a disk shape form.

3. Injector according to claim 1 or 2, wherein the damp-
ing element (11) comprises a hollow cylindrical form.

4. Injector according to any of claims 1 to 3, wherein
the damping element (11) provides a hydraulic
damping during closing of the fluid injector.

5. Injector according to any of claims 1 to 4, wherein
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the damping element (11) provides a mass damping
during closing of the fluid injector.

6. Injector according to any of claims 1 to 5, wherein
the damping element (11) is arranged inside the
valve body (4).

7. Injector according to any of claims 1 to 6, wherein
the damping element (11) comprises a spring seat
for the first spring (9) on a first side (16) of the damp-
ing element (11) and a spring seat for the second
valve spring (10) on a second side (17) of the damp-
ing element (11), the first side (16) and the second
side (17) of the damping element (11) being opposed
to each other.
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