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(54) Actuator and injection valve

(57) Actuator that comprises an actuator-element
(10) being movable along a predetermined axis (L) of the
actuator. The actuator further comprises an armature
(12), being axially movable along the predetermined axis
(L) and being mechanically coupled to the actuator-ele-
ment (10) and comprising multiple magnetizable arma-
ture discs (13) and one or multiple non-magnetizable
separation layers (15). Each separation layer (15) is dis-
posed between two armature discs (13). Furthermore the
actuator comprises at least one coil (36), being arranged
to magnetically actuate the armature discs (13) to move
axially.
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Description

[0001] The invention relates to an actuator and an in-
jection valve with the actuator.
[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 a
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 valves 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.
[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] The object of the invention is to create an actu-
ator and an injection valve which facilitate 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 sub-claims.
[0007] The invention is distinguished concerning a first
aspect by an actuator comprising an actuator-element.
The actuator-element is movable along a predetermined
axis of the actuator. The actuator comprises an armature,
which is axially movable along the predetermined axis
and which is mechanically coupled to the actuator-ele-
ment. The armature comprises multiple magnetizable ar-
mature discs and one or multiple non-magnetizable sep-
aration layers. Each separation layer is disposed be-
tween two armature discs. Furthermore, the actuator
comprises at least one coil, being operable to magneti-
cally actuate the armature discs to move axially. By using
multiple armature discs, a resulting magnetic force acting
on the armature, due to the electrical actuation of the at
least one coil, is increased compared to armatures made
in one piece. The armature discs preferably have ferro-
magnetic properties and are operable to be magnetically
actuated by the coil. Preferably, the separation layers
have diamagnetic properties and are operable to reduce
magnetic interactions between the particular armature
discs.
[0008] In an advantageous embodiment, the multiple
armature discs and/or the one or the multiple separation
layers are cylindrically shaped. This has the advantage
that the armature discs and/or the separation layers can
be manufactured very easily. Preferably an outer diam-

eter of the separation layers is basically identical to an
outer diameter of the armature discs. This reduces mag-
netic interactions between the particular armature discs.
[0009] In a further advantageous embodiment, the
multiple armature discs are transversally arranged to the
axial movement of the armature. This ensures an in-
creased magnetic force acting on the armature of the
actuator.
[0010] In a further advantageous embodiment, each
separation layer comprises rubber and/or chrome and/or
plastics and/or an adhesive. Materials like rubber,
chrome, plastics and adhesive are preferably non-mag-
netizable. Separation layers made of these materials re-
duce magnetic interactions between the particular arma-
ture discs.
[0011] In a further advantageous embodiment, the
multiple armature discs are agglutinated by the one or
multiple separation layers to form the armature. This has
the advantage that the armature can be manufactured
very easily. Alternatively, the separation layers may be
formed as layers of an adhesive, for example glue, if the
adhesive is not non-magnetizable.
[0012] In a further advantageous embodiment, the
multiple armature discs are riveted together with the one
or multiple separation layers disposed between them to
form the armature. By using one or multiple rivets, the
armature can be manufactured very easily. Preferably,
the one or multiple rivets are made of materials, for ex-
ample plastics, which have nonmagnetic properties.
[0013] In a further advantageous embodiment, each
armature disc has an axial thickness between 0.9 and
2.0 mm. This has the advantage that the magnetic force
acting on the armature of the actuator is specifically high.
[0014] In a further advantageous embodiment, each
separation layer has an axial thickness between 30 and
100 Pm. This significantly reduces magnetic interactions
between the particular armature discs.
[0015] In a further advantageous embodiment, the ar-
mature comprises at least four armature discs. This
amount of armature discs forming the armature ensures
the increased magnetic force acting on the armature of
the actuator.
[0016] The invention is distinguished concerning a
second aspect by an injection valve, comprising an in-
jector body with a central longitudinal axis. The injection
valve comprises a valve needle which is axially movable
at least partially in the injector body. The valve needle
prevents a fluid injection in a closing position and permits
a fluid injection in further positions. Furthermore, the in-
jection valve comprises an actuator according to the first
aspect, whereas the predetermined axis of the actuator
relates to the central longitudinal axis of the injector body.
The actuator-element of the actuator relates to the valve
needle of the injection valve. The armature discs are ax-
ially movable at least partially within the injector body.
The injection valve comprises for example a coil assem-
bly with a bobbin that retains a coil. The coil of the actuator
preferably relates to the coil of the coil assembly.
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[0017] 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 in a longitudinal section view,

FIG. 2 section of the injection valve according to FIG.
1 in a longitudinal section view.

[0018] Elements of the same design or function that
appear in different illustrations are identified by the same
reference sign.
[0019] An injection valve 62 (figure 1), that is in partic-
ular suitable for dosing fuel to an internal combustion
engine, comprises an inlet tube 2, a housing 6 and a
valve assembly 60.
[0020] The valve assembly 60 comprises an injector
body 38, which is, for example, part of the housing 6, with
a central longitudinal axis L and a first cavity 7. The valve
assembly 60 further comprises a valve body 4, which is
at least partially disposed within the first cavity 7 of the
injector body 38. The valve body 4 takes in a valve needle
10. In the inlet tube 2, a recess 16 is provided which
further extends to a recess 18 of an armature 12. The
armature 12 comprises a first cylindrical portion 32 with
a first outer diameter and a second cylindrical portion 34
with a second outer diameter (figure 2). The first outer
diameter is greater than the second outer diameter. The
first cylindrical portion 32 is mechanically coupled to the
valve needle 10 via the second cylindrical portion 34. The
first cylindrical portion 32 comprises multiple armature
discs 13 with one or multiple separation layers 15 dis-
posed between the armature discs 13. The recess 16 of
the inlet tube 2 and/or the recess 18 of the armature 12
take in a bias spring 14. Preferably, the bias spring 14
rests on a spring seat being formed by a fluid restrictor,
for example an anti-bounce disc 20, or being formed by
a projection within the recess 18 of the armature 12. By
this, the bias spring 14 is mechanically coupled to the
valve needle 10. An adjusting tube 22 is provided in the
recess 16 of the inlet tube 2. The adjusting tube 22 forms
a further seat for the bias spring 14 and may be axially
moved during the manufacturing process of the injection
valve 62 in order to preload the bias spring 14 in a desired
way.
[0021] In a closing position of the valve needle 10, it
sealingly rests on a valve needle seat 26, by this pre-
venting a fluid flow through at least one injection nozzle
24. The injection nozzle 24 may be, for example, an in-
jection hole. However, it may also be of some other type
suitable for dosing fluid. The valve needle seat 26 may
be made in one part with the valve body 4 or a separate
part from the valve body 4. In addition to that, a lower
guide 29 for guiding the valve needle 10 is provided. The
lower guide 29 further comprises an orifice for guiding
the fluid flow.
[0022] A fluid inlet portion 42 is provided in the valve
body 4 which communicates with a fluid outlet portion 44

which is part of the second cavity 8 near the valve needle
seat 28.
[0023] The injection valve 62 is provided with a coil
assembly 40 with a bobbin that retains a coil 36, which
is preferably overmolded. The injector body 38, the ar-
mature 12 with its multiple armature discs 13, and the
inlet tube 2 are forming a magnetic circuit when the coil
36 is electrically actuated.
[0024] The armature 12 is guided in the armature guide
30 and is supplied with a magnetic force if the coil as-
sembly 40 is electrically actuated, thus resulting in an
axial movement of the armature 12, acting against a
spring load of the bias spring 14.
[0025] Figure 2 depicts a section of the injection valve
62 according to figure 1 in a longitudinal section view.
The section depicts the armature 12 with its first and sec-
ond cylindrical portion 32, 34. The armature 12 is axially
movable at least partially within the first cavity 7 of the
injector body 38. The first cylindrical portion 32 comprises
the multiple armature discs 13 and the multiple separa-
tion layers 15. Each separation layer 15 is disposed be-
tween two armature discs 13. The armature 12 compris-
es, for example, five armature discs 13, whereas more
or less than five armature discs 13 are also possible.
Preferably, the first cylindrical portion 32 of the armature
12 comprises at least four armature discs 13. Preferably,
each armature disc 13 is cylindrically shaped and com-
prises a central bore. The armature discs 13 are prefer-
ably made of stainless steel with ferromagnetic proper-
ties. Each armature disc 13 has preferably an axial thick-
ness between 0.9 and 2.0 mm, whereas also other axial
thicknesses are possible. Alternatively, the armature 12
may comprise multiple armature discs 13 with each hav-
ing a different axial thickness compared to the others.
[0026] The armature 12 comprises four separation lay-
ers 15. The multiple separation layers 15 are preferably
made of material with diamagnetic properties, for exam-
ple rubber and/or chrome and/or plastics and/or ceramic,
and are applicable to reduce magnetic interactions be-
tween the particular armature discs 13. Preferably, each
separation layer 15 is cylindrically shaped and comprises
a central bore. The bores of the armature discs 13 and
the bores of the separation layers 15 form the recess 18
of the armature 12 (figure 1), in which the bias spring 14
is disposed. Each separation layer 15 has preferably an
axial thickness of 30 to 100 Pm, whereas also other axial
thicknesses are possible. Alternatively, the multiple ar-
mature discs 13 may be separated by multiple separation
layers 15 with each having a different axial thickness
compared to the others.
[0027] The multiple armature discs 13 are coupled to
each other by preferably using adhesive closure and/or
force closure to form the first cylindrical portion 32 of the
armature 12. The adhesive closure is preferably realized
by agglutinating the armature discs 13 with the separa-
tion layers 15. Alternatively, the separation layers 15 can
be formed by layers of glue with diamagnetic properties.
[0028] The force closure is preferably realized by using
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one or multiple rivets to assemble the multiple armature
discs 13 with the multiple separation layers 15 disposed
between them. One rivet may, for example, be shaped
hollow cylindrically with a central cavity and may be ar-
ranged in the central bores of the armature discs 13 and
separation layers 15, whereas the central cavity of the
rivet form the recess 18 of the armature 12. By upsetting
an upper axial end and a lower axial end of the rivet, the
multiple armature discs 13 and the multiple separation
layers 15 may be assembled as the first cylindrical portion
32 of the armature 12.
[0029] If the coil 36 of the coil assembly 40 is actuated
electrically, the coil assembly 40, the multiple armature
discs 13 of the first cylindrical portion 32 and the inlet
tube 2 form preferably the magnetic circuit moving the
armature 12 and the valve needle 10 axially to act against
the spring load of the bias spring 14 to open the injection
valve 62 for injecting fluid.
[0030] The using of multiple armature discs 13 forming
the armature 12 has the advantage that a resulting mag-
netic force acting on the armature 12 due to the electrical
actuation of the coil 36 is increased compared to arma-
tures made in one piece. In particular, the magnetic force
increases while a constant current is flowing in the coil
36, resulting in a constant magnetic field acting on the
multiple armature discs 13. This results in a decreased
actuation response time of the armature 12 and the valve
needle 10 after actuating the coil 36. Alternatively, if the
response time is predetermined, thus resulting in a de-
sired magnetic force, the armature 12 with multiple ar-
mature discs 13 can be manufactured with less material
compared to armatures made in one piece.
[0031] The injection needle 10 and the armature 12
with its multiple armature discs 13 and the separation
layers 15 and the coil assembly 40 can be identified as
an actuator. The injection needle 10 relates to an actu-
ator-element of the actuator, being mechanically coupled
to the armature 12. The coil 36 of the coil assembly 40
relates to a coil of the actuator to magnetically actuate
the armature with the actuator-element axially along the
longitudinal axis L. Such an actuator may also be used
in different applications than injection valves.

Claims

1. Actuator, comprising

- an actuator-element (10) being movable along
a predetermined axis (L) of the actuator,
- an armature (12), being axially movable along
the predetermined axis (L) and being mechani-
cally coupled to the actuator-element (10) and
comprising

-- multiple magnetizable armature discs
(13),
-- one or multiple non-magnetizable sepa-

ration layers (15), each being disposed be-
tween two armature discs (13),

- at least one coil (36), being arranged to mag-
netically actuate the armature discs (13) to move
axially.

2. Actuator according to claim 1, the multiple armature
discs (13) and/or the one or multiple separation lay-
ers (15) being cylindrically shaped.

3. Actuator according to claim 1 or 2, the multiple ar-
mature discs (13) being transversely arranged to the
axially movement of the armature (12).

4. Actuator according to one of the preceding claims,
each separation layer (15) comprising rubber and/or
chrome and/or plastics and/or an adhesive.

5. Actuator according to one of the preceding claims,
the multiple armature discs (13) being agglutinated
by the one or multiple separation layers (15) to form
the armature (12).

6. Actuator according to one of the preceding claims,
the multiple armature discs (13) being riveted togeth-
er with the one or multiple separation layers (15) dis-
posed between them to form the armature (12).

7. Actuator according to one of the preceding claims,
each armature disc (13) having an axial thickness
between 0.9 and 2.0 mm.

8. Actuator according to one of the preceding claims,
each separation layer (15) having an axial thickness
between 30 and 100 Pm.

9. Actuator according to one of the preceding claims,
the armature (12) comprising at least four armature
discs (13).

10. Injection valve (62), comprising

- an injector body (38) with a central longitudinal
axis (L),
- a valve needle (10), being axially movable at
least partially in the injector body (38) and pre-
venting a fluid injection in a closing position and
permitting the fluid injection in further positions,
- an actuator according to one of claims 1 to 9,
the predetermined axis being the central longi-
tudinal axis (L) of the injector body (38), with the
actuator-element being the valve needle (10),
with the armature discs (13) being axially mov-
able at least partially within the injector body
(38).
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