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(54) Valve assembly

(57)  Avalve assembly comprises an electro-magnet-
ic circuit operable to actuate a valve needle (18). The
electro-magnetic circuit comprises a fluid inlet tube (1)
and an armature (12) being arranged axially in proximity
to the fluid inlet tube (1). The armature is movably ar-
ranged on the valve needle (18). Its axial movement is
limited in one direction by a protrusion (28) associated
to the valve needle (18). An armature spring (30) is fixed
to the valve needle (18) and rests on the armature (12)
exerting a force on the armature (12) pushing the arma-
ture (12) towards the protrusion (28).
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Description

[0001] The invention relates to a valve assembly, in
particular for an injection valve for dosing fluid into a com-
bustion chamber of an internal combustion engine.
[0002] Injection valves are in widespread use, in par-
ticular for internal combustion engines, where they may
be arranged next to the combustion chamber to dose
fluid into the combustion chamber or into the intake man-
ifold. Due to increased requirements in respect to per-
formance and alsoinrespectto the limitation of emissions
emitted by a vehicle, in which the injection valve may be
arranged, injection valves should be operable to dose
also very small amounts of fluid precisely. In addition to
that, the injectors should be designed such that their en-
ergy consumption is as low as possible.

[0003] Itis the object of the invention to create a valve
assembly, which enables a very efficient operation.
[0004] The object of the invention is to create a valve
assembly which enables a fast and reliable response
time and is simple to manufacture.

[0005] The object is achieved by the features of the
independent claim. Advantageous embodiments of the
invention are given in the sub-claims.

[0006] The invention is distinguished by a valve as-
sembly comprising a electro-magnetic circuit operable to
actuate a valve needle. The electro-magnetic circuit com-
prises a fluid inlet tube and an armature being arranged
axially in proximity to the fluid inlet tube. The armature is
movably arranged on the valve needle. Its axial move-
ment is limited in one direction by a protrusion associated
to the valve needle. An armature spring is fixed to the
valve needle and rests on the armature. The armature
spring exerts a force on the armature pushing the arma-
ture towards the protrusion. In this way, when moving
the valve needle towards its closing position, the arma-
ture, which has a relatively high inertia compared to the
valve needle itself, can dissipate its kinetic energy by
making relative movements relative to the valve needle
in the closing position of the needle being controlled by
the force exerted from the armature spring. This has the
effect that bouncing of the valve needle 18 is reduced
significantly. Preferably, the spring constant of the arma-
ture spring 30 is chosen by way of experiments appro-
priately in order to ensure the right elastic properties and
to ensure an optimum between softness and hardness
of the armature spring.

[0007] According to a preferred embodiment of the
valve assembly, the armature is made by a sintering proc-
ess. This is especially cost-effective and is possible due
to the possible clearance between the valve needle and
the armature.

[0008] According to a further preferred embodiment,
the armature spring has a trumpet-type shape. This has
proven to be especially suitable for dampening the
bouncing of the needle and in that way dampening the
oscillating movement of the armature when reaching the
closing position of the valve needle.
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[0009] According to a further preferred embodiment,
the valve needle is formed in a tubular shape. In this way,
the mass of the needle may be reduced resulting in a
lower inertia of the valve needle. In this respect, it is in
particular advantageous if the valve needle is manufac-
tured by a rotary swaging process.

[0010] According to a further preferred embodiment, a
ball is fixed to the valve needle at an axial end of the
valve needle facing away from the armature. This permits
to choose the material of the ball appropriately in order
to ensure a proper sealing of an injection nozzle and on
the other hand to minimize wear. In addition, the valve
needle itself may be chosen to comprise a material best
suitable for the valve needle part itself.

[0011] Exemplary embodiments of the invention are
explained in the following with the aid of schematic draw-
ings. These are as follows:

FIG. 1 an injection valve with a valve assembly and

FIG. 2 a part of the valve assembly according to FIG.
1.

[0012] Elements of the same design and function that
appear in different illustrations are identified with the
same reference characters.

[0013] Aninjectionvalve (FIG. 1) comprises a housing,
which may be manufactured by an overmolding process,
a fluid connector and a connector for the electrical con-
nection of the injection valve and the valve assembly.
The fluid connector, the housing and the electrical con-
nector are not shown in FIG. 1. The valve assembly com-
prises a fluid inlet tube 1 with an inlet recess 2. A filter 3
is arranged in the inlet recess 2 and filters during oper-
ation of the injection valve the fluid flowing through the
injection valve. The injection valve is during operation
connected to a fluid supply via the fluid connector. The
injection valve may be arranged in an internal combustion
engine in order to dose fuel into an intake manifold or a
combustion chamber. The filter 3 may also serve the pur-
pose of pretensioning a spring 4, which is also arranged
in the valve assembly.

[0014] The valve assembly comprises an electro-mag-
netic circuit. The electro-magnetic circuit comprises a coil
6, a magnetic housing 8, a valve body shell 10 and an
armature 12. In addition to that, a non-magnetic shell 14,
preferably in an L-shape, is also arranged between the
coil 6 and the fluid inlet tube 1 and the armature 12. The
fluid inlet tube 1 also forms part of the electro-magnetic
circuit. The non-magnetic shell 14 is arranged and
formed such that the magnetic flux is directed from the
fluid inlet tube 1 to the armature 12 to a high percentage
and in that way improving the efficiency of the magnetic
circuit. The armature 12 is arranged with one of its axial
ends in proximity to an opposing axial end of the fluid
inlet tube 1.

[0015] The valve assembly further comprises a valve
body 16 having a recess 20 taking in a valve needle 18.
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The valve needle 18 prevents a fluid flow through an in-
jection nozzle 22 in a closing position and enables a fluid
flow through the injection nozzle 22 apart from the closing
position. The position of the valve needle 18 depends on
the forces exerted on the valve needle 18. The valve
needle 18 comprises a protrusion 28 which serves as a
spring rest for the spring 4. The forces acting on the valve
needle 18 and in that way determining its position are
the force exerted by the spring 4, the weight of the valve
needle 18, the pressure of the fluid and an electromag-
netic force exerted by the electro-magnetic circuit via the
armature on the needle 18.

[0016] The valve needle 18 is preferably formed in a
tubular shape. In this way, the mass of the valve needle
18 may be kept very low. Preferably, the valve needle 18
is manufactured by a rotary swaging process.

[0017] A ball 26 is preferably fixed to the valve needle
18 at its axial end facing towards the injection nozzle 22.
The ball 26 may comprise a material that is suitable for
ensuring a good sealing, when the valve needle 18 rests
in its closing position and on the other hand ensures that
wear during the lifetime of the injector is minimized. The
armature 12 is arranged on the valve needle 18 with a
clearance in order to enable a slight axial relative move-
ment to the valve needle 18. The axial movement of the
armature 12 is limited in the direction facing away from
the ball 26 by the protrusion 28.

[0018] An armature spring 30 is provided, which is
fixed to the valve needle 18. It is preferably fixed to the
valve needle 18 by welding or brazing. The armature
spring 30 is arranged such that it exerts a force on the
armature 12 pushing it towards the protrusion 28. The
spring constant of the armature spring 30 is chosen ap-
propriately in order to enable a slight movement of the
armature 12 relatively to the valve needle 18 when the
armature needs to dissipate its kinetic energy when the
valve needle 18 reaches its closing position. The arma-
ture is preferably manufactured by a sintering process
and may be additionally grinded.

[0019] The valve needle 18 further comprises a fluid
outlet 24. In that way, the fluid may flow through the filter
3 and in the area of the spring 4 into the valve needle 18
and exit the valve needle 18 at the fluid outlet 24 and
then flow towards the injection nozzle 22.

[0020] The valve needle is preferably made out of an
austenitic stainless steel, which permits to ensure a high
chemical resistance against aggressive fluids, like fuel,
and ensures a low inertial force due to the low weight.
The ball shaped tip is preferably manufactured from a
martensitic stainless steel, which permits to maintain the
mechanical characteristics during the lifetime of the in-
jector.

[0021] When the valve needle 18 is moved out of a
position apart from the closing position, which may be an
opening position, towards its closing position, for exam-
ple when significantly reducing the magnetic flux in the
electro-magnetic circuit, the valve needle 18 reaches the
closing position and is then decelerated significantly
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when the ball 26 rests in its seat closing the injection
nozzle 22. The kinetic energy of the armature 12 may
then be dissipated by an oscillation of the armature 12
relative to the valve needle 18 enabled by the clearance
between the valve needle 18 and the armature 12 and
the possible axial movement being dampened by the ar-
mature spring 30. This has the effect that a bouncing of
the valve needle 18 is minimized, which leads to a very
precise closing time of the injection nozzle 22 and there-
fore enables a very precise dosing of fluid, in particular
for small amounts of fluid.

[0022] The armature spring 30 preferably has a trum-
pet-type shape.

Claims

1. Valve assembly comprising an electro-magnetic cir-
cuit operable to actuate a valve needle (18), the elec-
tro-magnetic circuit comprising a fluid inlet tube (1)
and an armature (12) being arranged axially in prox-
imity to the fluid inlet tube (1), the armature (12) being
movably arranged on the valve needle (18) with its
axial movement being limited in one direction by a
protrusion (28) associated to the valve needle (18),
an armature spring (30) being fixed to the valve nee-
dle (18) and resting on the armature (12) exerting a
force on the armature (12) pushing the armature (12)
towards the protrusion (28).

2. Valve assembly according to claim 1, with the arma-
ture (12) being made by a sintering process.

3. Valve assembly according to one of the previous
claims, with the armature spring (30) having a trum-
pet-type shape.

4. Valve assembly with the valve needle (18) being
formed in a tubular shape.

5. Valve assembly according to one of the previous
claims, with a ball (26) being fixed to the valve needle
(18) at an axial end of the valve needle (18) facing
away from the armature (12) .
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