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(A) being electrically coupable to a power supply, wherein
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Description

[0001] The invention relates to an actuator arrange-
ment and an injection valve.

[0002] Actuator arrangements are in wide spread use,
in particular injection valves for instance for internal com-
bustion engines comprise actuator arrangements, which
comprise solid state actuator units. In order to inject fuel,
the solid state actuator unit is energized so that a fluid
flow through the fluid outlet portion of the injection valve
is enabled.

[0003] 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 a range of up to 200 bar
or in the case of diesel engines in a range of up to 2,000
bar. In orderto enable fast response times electric energy
needs to be transmitted to or from the actuator arrange-
ment in a very fast way.

[0004] The object of the invention is to create an actu-
ator arrangement that is simply to be manufactured and
which enables reliable operation.

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

[0006] According to a first aspect the invention is dis-
tinguished by an actuator arrangement, comprising a
housing body with a recess, and a solid state actuator
unit within the recess with a longitudinal axis being elec-
trically coupable to a power supply, wherein the solid
state actuator unit comprises a first axial end area de-
signed to act as drive side and a second axial end area
facing an adapter being designed and arranged such as
to supply electric energy. Aring is arranged intermediate
the adapter and the housing body, the ring being de-
signed and arranged such as to seal against an intrusion
of liquid into the recess and to provide an oxygen com-
munication between the exterior of the actuator arrange-
ment and the recess.

[0007] This has the advantage that the ring is not her-
metically sealing the recess to enable the oxygen com-
munication between the exterior of the actuator arrange-
ment and the recess of the actuator arrangement. The
ring may enable the oxygen communication between the
exterior of the actuator arrangement and the recess and
therewith at least a part of the surface of the solid state
actuator unit. Furthermore, the ring may enable limiting
the intrusion of vapours. For example, the ring may be
permeable. Forinstance, the ring may avoid the intrusion
of liquids into the recess, while allowing oxygen perme-
ability into the recess of the housing body. Thus, the
needed oxygen flow, for example for the ceramic of the
solid state actuator unit, from the exterior may be provid-
ed, while sealing against liquids. Therefore, for example,
the ceramic of the solid state actuator unit may be pre-
vented to break. Thus, reliable operation of the actuator
arrangement may be enabled. For example, the ring can
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be fixed to the adapter. An O-ring geometry is simple to
use and suitable for instance to a cylindrical geometry of
a part of the adapter and a cylindrical geometry of a part
of the housing body recess. Thus, a simple manufactur-
ing may be provided. Moreover, the injector outline might
not be affected by the measure. For example, the solid
state actuator unit may comprise electric pins, which are
electrically coupable to a power supply.

[0008] In an advantageous embodiment of the inven-
tion the adapter comprises a groove designed to at least
partly take in the ring.

[0009] By this, the ring may be arranged in a simple
and firm way intermediate the adapter and the housing
body. The groove of the adapter may prevent the ring to
be released. Thus, especially reliable operation of the
actuator arrangement may be enabled.

[0010] In a further advantageous embodiment of the
invention the ring comprises a silicon base.

[0011] This has the advantage that silicon may enable
an especially advantageous and continuous flow of ox-
ygen into the recess of the actuator arrangement. In par-
ticular, it may provide an oxygen flow especially advan-
tageous for ceramic and therefore, may prevent breaking
of the ceramic. Furthermore, silicon may seal against an
intrusion of liquids into the recess and limit the intrusion
of vapours into the recess, which may be harmful for the
operation of the actuator arrangement. Thus, the needed
oxygen flow from the exterior into the recess may be pro-
vided, while sealing against liquids. Therefore, especially
reliable operation of the actuator arrangement may be
enabled.

[0012] In a further advantageous embodiment of the
invention the ring comprises fluorosilicone rubber.
[0013] This has the advantage that fluorosilicone ma-
terial may be compatible with the engine environment,
especially gasoline. In particular, it may provide an oxy-
gen flow especially advantageous for ceramic and there-
fore, may prevent breaking of the ceramic. Furthermore,
it may enable an especially advantageous and continu-
ous flow of oxygen into the recess of the housing body.
Moreover, fluorosilicone rubber may seal against an in-
trusion of liquids into the recess and limit the intrusion of
vapours into the recess, which may be harmful for the
operation of the actuator arrangement. Therefore, the
needed oxygen flow from the exterior into the recess may
be provided especially reliable, while sealing against lig-
uids. Thus, especially reliable operation of the actuator
arrangement may be enabled.

[0014] According to a second aspect the invention is
distinguished by an injection valve with a valve assembly
within a further recess and an actuator arrangement of
the first aspect of the invention, comprising a solid state
actuator unit within the further recess, wherein the solid
state actuator unit is designed for acting on the valve
assembly.

[0015] Exemplary embodiments of the invention are
explained in the following with the help of a schematic
drawing. This is as follows:



3 EP 2 105 603 A1 4

Figure 1, an exemplary actuator arrangement in an
injection valve.
[0016] Figure 1 shows an injection valve 10 that may

be used as a fuel injection valve for an internal combus-
tion engine. The injection valve 10 comprises an actuator
arrangement 12, a valve assembly 14 and a connector
16.

[0017] The injection valve 10 has a two-part housing
body 18, 18’ with a tubular shape which has the central
longitudinal axis A. The housing body 18, 18’ of the in-
jection valve 10 comprises a recess 20 and a further re-
cess 20, which are axially led through the housing body
18, 18'.

[0018] The actuator arrangement 12 comprises a solid
state actuator unit 22 within the recess 20 of the housing
body 18, 18’ with the longitudinal axis A comprising elec-
tric pins 24 being electrically coupable to a power supply.
For example, the electric pins 24 might be coupled by
weldings, in particular resistance weldings, or soldered
connections to an electric conductor 26 of the connector
16, which is supplied with electric energy.

[0019] The solid state actuator unit 22 comprises a sol-
id state actuator 28. The solid state actuator 28 changes
its length in axial direction depending on a control signal
applied to it such as electric energy supplied to it. The
solid state actuator unit 22 is typically a piezo actuator
unit. It may however also be any other solid state actuator
unit known to the person skilled in the art such as a mag-
netostrictive actuator unit.

[0020] The solid state actuator unit 22 comprises afirst
axial end area 30 designed to act as drive side and a
second axial end area 32, which is facing away from the
first axial end area 30, facing an adapter 34. The electric
pins 24 of the solid state actuator unit22 may be arranged
in optional direction, for instance in axial direction of the
solid state actuator unit 24 or perpendicular to it. For ex-
ample, the adapter 34 comprises the electric conductor
26 and the electric pins 24 are coupled to the electric
conductor 26, which is at least partly arranged within the
adapter 34 to supply electric energy.

[0021] A ring 36 is arranged intermediate the adapter
34 and the housing body 18, 18’. For example, the hous-
ing body 18 may comprise a tubular hole, in which the
adapter 34 is at least partly arranged, and this part of the
adapter 34 may comprise a cross section, which is at
least partly circular shaped. In this case, O-ring geometry
ofthering 36 is a simple and suitable geometry for sealing
the recess 20 against an intrusion of liquids. Preferably,
the adapter 34 comprises a groove 38, in which the ring
36 is at least partly arranged. The ring 36 is designed
and arranged such as to seal against an intrusion of liquid
into the recess 20 and to provide an oxygen communi-
cation between the exterior of the actuator arrangement
12 and the recess 20. This has the advantage that the
ring 36 is not hermetically sealing the recess 20 to enable
the oxygen communication between the exterior of the
actuator arrangement 12 and the recess 20 of the actu-
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ator arrangement 12. To enable an especially advanta-
geous flow of oxygen into the recess 20 of the housing
body 18, 18’ and to seal against the intrusion of liquid,
the ring 36 may comprise a silicon base. For instance,
the ring 36 may comprise fluorosilicone rubber. This has
the advantage that fluorosilicone material may be com-
patible with the engine environment, especially gasoline.
The ring 36 may enable the oxygen communication be-
tween the exterior of the actuator arrangement 12 and
the recess 20 and therewith at least a part of the surface
of the solid state actuator unit 22. Thus, the needed ox-
ygen flow, for example for the ceramic of the solid state
actuator unit 22, from the exterior may be provided, while
sealing against liquids. Therefore, for example, the ce-
ramic of the solid state actuator unit 22 may be prevented
to break. Thus, reliable operation of the actuator arrange-
ment 12 may be enabled. Furthermore, the ring 36 may
limit the intrusion of vapours into the recess 20.

[0022] On the drive side of the solid state actuator unit
22 facing the first axial end area 30 optional actuating
elements may be arranged such as a valve needle 48 or
a rotor.

[0023] An actuator housing enclosing the solid state
actuator 28 may comprise a spring tube 40, a top cap 42
and a bottom cap 44. Part of the top cap 42 may form at
least part of the second axial end area 32. Part of the
bottom cap 44 may form at least part of the first axial end
area 30 comprising the drive side of the solid state actu-
ator unit 22. The solid state actuator unit 22 further com-
prises a piston 46, which is coupled to the top cap 42 or
may in one peace form part of the top cap 42. It may
apply an axial preload force on the solid state actuator
unit 22.

[0024] The valve assembly 14 comprises a valve body
50 and the valve needle 48. The valve body 50 has a
valve body spring rest 52 and the valve needle 48 com-
prises a valve needle spring rest 54, both spring rests
52, 54 supporting a spring 56 arranged between the valve
body 50 and the valve needle 48. Between the valve nee-
dle 48 and the valve body 50 a bellow 58 is arranged
which is sealingly coupling the valve body 50 with the
valve needle 48. By this a fluid flow between the further
recess 20’ and a chamber 60 and therewith the recess
20 is prevented. Furthermore, the bellow 58 is formed
and arranged in away that the valve needle 48 is actuable
by the solid state actuator unit 22.

[0025] A fluid outlet portion 62 is closed or open de-
pending on the axial position of the valve needle 48. By
changing its length, the solid state actuator 28 can exert
a force to the valve needle 48. The force from the solid
state actuator 28 being exerted to the valve needle 48 in
an axial direction allows or prevents a fluid flow through
the fluid outlet portion 62. Furthermore, the injection valve
10 has a fluid inlet portion 64 which is arranged in the
housing body 18, 18’ and which for instance is coupled
to a not shown fuel connector. In this example, the fuel
connector is designed to be connected to a high pressure
fuel chamber of an internal combustion engine, the fuel
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is stored under high pressure, for example, under the
pressure above 200 bar.

[0026] The valve assembly 14 is arranged in the injec-
tion valve 10 facing the first axial end area 30 on the drive
side of the solid state actuator unit 22 sharing a part of
the further recess 20’ of the housing body 18’ of the ac-
tuator arrangement 12 along the longitudinal axis A.
[0027] A thermal compensator unit 66 is arranged fac-
ing the second axial end area 32 of the solid state actuator
unit 22 and facing the adapter 34 and is mechanically
coupled to the piston 46 of the solid state actuator 28.
The thermal compensator unit 66 enables to set an axial
preload force on the solid state actuator unit 22 via the
piston 46 to compensate changes of the fluid flow through
the fluid outlet portion 62 in the case of temperature
changes of the injection valve 10.

[0028] To supply the solid state actuator 28 with elec-
tric energy, the injection valve 10 further comprises the
connector 16 with the adapter 34, in which the electric
conductor 26 is at least partly arranged. Electric energy
can be supplied to the electric conductor 26 of the con-
nector 16. Furthermore, the solid state actuator unit 22
comprises a connecting element 68 consisting of terminal
elements 70. The electric conductor 26 of the connector
16 is electrically coupled to one of the terminal elements
70 of the connecting element 68 which is electrically cou-
pled to another of the terminal elements 70 which on its
part is electrically coupled to the electric pins 24 of the
solid state actuator 28. Consequently, electricenergy can
be simply supplied to the solid state actuator 28 via the
connector 16.

[0029] In the following, the function of the injection
valve 10 will be described in detail:

The fluid is led from the fluid inlet portion 64 through
the housing body 18, 18’ to the fluid outlet portion 62.

The valve needle 48 prevents a fluid flow through
the fluid outlet portion 62 in the valve body 50 in a
closing position of the valve needle 48. Outside of
the closing position of the valve needle 48, the valve
needle 48 enables the fluid flow through the fluid
outlet portion 62.

The solid state actuator 28 may change its axial
length if it is energized. By changing its length the
solid state actuator 28 may exert a force on the valve
needle 48. The valve needle 48 is able to move in
axial direction out of the closing position. Outside the
closing position of the valve needle 48 there is a gap
between the valve body 50 and the valve needle 48
at the first axial end area 30 of the injection valve 10
facing away from the solid state actuator 28. The
spring 56 can force the valve needle 48 via the valve
needle spring rest 54 towards the solid state actuator
28. In the case the solid state actuator 28 is de-en-
ergized, the solid state actuator 28 shortens its
length. The spring 56 can force the valve needle 48
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to move in axial direction in its closing position. It is
depending on the force balance between the force
on the valve needle 48 caused by the solid state
actuator 28 and the force on the valve needle 48
caused by the spring 56 whether the valve needle
48 is in its closing position or not.

The invention is not restricted to the explained em-
bodiment. For example, the adapter 34 of the actu-
ator arrangement 12 may comprise alternative
shapes. Further, the housing body 18, 18’ and the
recess 20 of the injection valve 10 may comprise
alternative shapes.

Claims
1. Actuator arrangement (12), comprising

- a housing body (18) with a recess (20), and

- a solid state actuator unit (22) within the recess
(20) with alongitudinal axis (A) being electrically
coupable to a power supply, wherein the solid
state actuator unit (22) comprises a first axial
end area (30) designed to act as drive side and
a second axial end area (32) facing an adapter
(34) being designed and arranged such as to
supply electric energy, wherein a ring (36) is ar-
ranged intermediate the adapter (34) and the
housing body (18), the ring (36) being designed
and arranged such as to seal against an intru-
sion of liquid into the recess (20) and to provide
an oxygen communication between the exterior
of the actuator arrangement (12) and the recess
(20).

2. Actuator arrangement (12) according to claim 1,
wherein the adapter (34) comprises a groove (38)
designed to at least partly take in the ring (36).

3. Actuator arrangement (12) according to one of the
preceding claims, wherein the ring (36) comprises a
silicon base.

4. Actuator arrangement (12) according to one of the
preceding claims, wherein the ring (36) comprises
fluorosilicone rubber.

5. Injection valve (10) with a valve assembly (14) within
a further recess (20’) and an actuator arrangement
(12) according to one of the preceding claims, com-
prising a solid state actuator unit (22) within the fur-
ther recess (20’), wherein the solid state actuator
unit (22) is designed for acting on the valve assembly
(14).
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