EP 2075857 Al

(19) Europaisches

Patentamt
European
Patent Office
Office européen

des brevets

(11) EP 2075857 Al

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
01.07.2009 Bulletin 2009/27

(21) Application number: 07025217.6

(22) Date of filing: 28.12.2007

(51) IntCl.:
HO1L 41/083 (2006.01) F02M 51/06 (2006.01)
FO2M 61/16 (2006.01)

(84) Designated Contracting States:
ATBEBG CHCY CZDE DK EE ES FI FR GB GR
HUIEISITLILT LULV MC MT NL PL PT RO SE
SISK TR
Designated Extension States:
AL BA HR MK RS

(71) Applicant: Continental Automotive GmbH
30165 Hannover (DE)

(72) Inventors:
« Cipriani, Emiliano, Dr.
57100 Livorno (IT)
 Lunghi, Marco
57100 Livorno (IT)
» Marchi, Luigi
56123 Pisa (IT)

(54) Actuator arrangement and injection valve

(57)  Actuator arrangement (10), comprising a solid
state actuator unit (12) with a longitudinal axis (A) com-
prising electric pins (20) being electrically coupable to a
power supply and a piston (18), wherein the solid state
actuator unit (12) comprises a first axial end area (24)
designed to act as drive side and a second axial end area
(26) facing away from the first axial end area (24), a com-
pensator unit (14) being arranged facing the second axial
end area (26) of the solid state actuator unit (12) along
the longitudinal axis (A) of the solid state actuator unit
(12) and being in contact with the solid state actuator unit
(12) viathe piston (18), and adamping element (16) being
designed and arranged in-between the compensator unit
(14) and the solid state actuator unit (12) facing the sec-
ond axial end area (26) of the solid state actuator unit
(12), the damping element (16) being preloaded by the
compensator unit (14) and the solid state actuator unit
(12).
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Description

[0001] The invention relates to an actuator arrange-
ment and 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 sol-
id state actuator unit with a longitudinal axis comprising
electric pins being electrically coupable to a power supply
and a piston, wherein the solid state actuator unit com-
prises a first axial end area designed to act as drive side
and a second axial end area facing away from the first
axial end area, a compensator unit being arranged facing
the second axial end area of the solid state actuator unit
along the longitudinal axis of the solid state actuator unit
and being in contact with the solid state actuator unit via
the piston, and a damping element being designed and
arranged in-between the compensator unit and the solid
state actuator unit facing the second axial end area of
the solid state actuator unit, the damping element being
preloaded by the compensator unit and the solid state
actuator unit.

[0007] This has the advantage that undesired move-
ments of the solid state actuator unit can be prevented
and vibrations within the actuator arrangement can be
limited due to the fact that the damping element is de-
signed to dampen movements of the solid state actuator
unit in the second axial end area. In particular, electric
connections and resistance weldings between the elec-
tric pins of the solid state actuator unit and the power
supply can be protected against undesired movements
and vibrations. Moreover, the damping element within
the actuator arrangement is simply to be manufactured.
Also, the damping element can be mounted between the
compensator unit and the solid state actuator unit to en-
able the correct arrangement. In addition to the compen-
sator unit, the preloaded damping element may provide
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an axial preload force.

[0008] In an advantageous embodiment the damping
element is preloaded with an axial preload force in the
range of 10 N. By this, the damping of the actuator ar-
rangement can be carried out especially reliable.
[0009] In a further advantageous embodiment the
damping element comprises a silicon base. This has the
advantage that the damping of the actuator arrangement
is especially reliable.

[0010] In a further advantageous embodiment the
damping element comprises a plastic. By this, the damp-
ing of the actuator arrangement can be carried out es-
pecially reliable. In addition, plastic can be processed
fast and in that way contribute to a low production time
for the actuator arrangement.

[0011] In a further advantageous embodiment the
damping element comprises rubber. By this, the damping
of the actuator arrangement can be carried out especially
reliable. Also the rubber can be processed fast and in
that way contribute to a low production time for the actu-
ator arrangement.

[0012] According to a second aspect the invention is
distinguished by an injection valve with a valve assembly
within a recess of a housing body and an actuator ar-
rangement of the first aspect of the invention, comprising
a solid state actuator unit within the recess, wherein the
solid state actuator unit is being designed for acting on
the valve assembly.

[0013] Exemplary embodiments of the invention are
explained in the following with the help of schematic
drawings. These are as follows:

Figure 1, an actuator arrangement,

Figure 2,  a specific actuator arrangement in an injec-
tion valve.

[0014] Elements of the same design and function that

appear in different illustrations are identified by the same
reference characters.

[0015] Figure 1 shows an actuator arrangement 10
comprising a solid state actuator unit 12, a compensator
unit 14 and a damping element 16.

[0016] The solid state actuator unit 12 has a longitudi-
nal axis A and comprises a piston 18 and electric pins
20 being electrically coupable to a power supply. For ex-
ample, the electric pins 20 might be coupled by weldings,
in particular resistance weldings, or soldered connec-
tions to an electric conductor 66 (figure 2), which is sup-
plied with electric energy. In particular, injection valves
for instance for internal combustion engines may com-
prise the actuator arrangement 10.

[0017] The solid state actuator unit 12 comprises a sol-
id state actuator 22. The solid state actuator 22 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 12 is typically a piezo actuator
unit. It may however also be any other solid state actuator
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unit known to the person skilled in the art such as a mag-
netostrictive actuator unit.

[0018] The solid state actuator unit 12 comprises afirst
axial end area 24 designed to act as drive side and a
second axial end area 26, which is facing away from the
first axial end area 24, in particular facing the damping
element 16. On the drive side of the solid state actuator
unit 12 facing the first axial end area 24 optional actuating
elements are arranged such as a valve needle or a rotor.
[0019] The compensator unit 14 is arranged facing the
second axial end area 26 of the solid state actuator unit
12 along the longitudinal axis A of the solid state actuator
unit 12 and is mechanically coupled to the piston 18 of
the solid state actuator unit 12. The compensator unit 14
enables to set an axial preload force on the solid state
actuator unit 12 viathe piston 18 of the solid state actuator
unit 12. In particular, the compensator unit 14 is athermal
compensator unit, which is enabled to compensate tem-
perature changes.

[0020] The damping element 16 is arranged in-be-
tween the compensator unit 14 and the solid state actu-
ator unit 12 facing the second axial end area 26 of the
solid state actuator unit 12. The damping element 16 is
preloaded by the compensator unit 14 and the solid state
actuator unit 12. Typically, the damping element 16 is
preloaded with an axial preload force inthe range of 10 N.
[0021] The electric pins 20 of the solid state actuator
unit 12 can be arranged in optional direction, for instance
in axial direction of the solid state actuator unit 12 or
perpendicular to it. In particular, the electric pins 20 pro-
trude in the damping element 16. In particular, the piston
18 of the solid state actuator unit 12 protrudes in the
damping element 16.

[0022] The energizing of the solid state actuator unit
12 may cause undesired movements and vibrations with-
in the actuator arrangement 10, which for example might
stress weldings. By the damping element 16, which is
mechanically coupled to the solid state actuator unit 12,
undesired movements of the solid state actuator unit 12
can be prevented and vibrations within the second axial
end area 24 of the actuator arrangement 10 can be lim-
ited. In particular, electric connections and resistance
weldings between the electric pins 20 of the solid state
actuator unit 12 and the power supply can be protected
against undesired movements and vibrations. The damp-
ing element 16 may comprise for example a silicon base
or a plastic such as rubber. Therefore, some kind of elas-
ticity for damping may be provided. And by this, the damp-
ing element 16 is simply to be manufactured.

[0023] Figure 2 shows an injection valve 28 that may
be used as a fuel injection valve for an internal combus-
tion engine. The injection valve 28 comprises a valve
assembly 30, the actuator arrangement 10 and a con-
nector 32. The actuator arrangement 10 comprises the
solid state actuator unit 12.

[0024] The injection valve 28 has a two-part housing
body 34, 36 with a tubular shape with the central longi-
tudinal axis A. The housing body 34, 36 of the injection
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valve 28 comprises a recess 38 which is axially led
through the housing body 34, 36.

[0025] The solid state actuator unit 12 is arranged with-
inthe recess 38 of the housing body 34, 36 and comprises
the electric pins 20 being electrically coupable to a power
supply.

[0026] An actuator housing enclosing the solid state
actuator 22 of the solid state actuator unit 12 may com-
prise 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 26. Part of the bottom cap 44 may
form at least part of the first axial end area 24 comprising
the drive side of the solid state actuator unit 12. The solid
state actuator unit 12 further comprises the piston 18,
which is coupled to the top cap 42 or may in one piece
form part of the top cap 42. It may apply an axial preload
force on the solid state actuator unit 12.

[0027] The valve assembly 30 comprises a valve body
46 and a valve needle 48. The valve body 46 has a valve
body spring rest 50 and the valve needle 48 comprises
a valve needle spring rest 52, both spring rests 50, 52
supporting a spring 54 arranged between the valve body
46 and the valve needle 48. Between the valve needle
48 and the valve body 46 a bellow 56 is arranged, which
is sealingly coupling the valve body 46 with the valve
needle 48. By this a fluid flow between the recess 38 and
a chamber 58 is prevented. Furthermore, the bellow 56
is formed and arranged in a way that the valve needle
48 is actuable by the solid state actuator unit 12.

[0028] A fluid outlet portion 60 is closed or open de-
pending on the axial position of a valve needle 48. By
changing its length, the solid state actuator 22 can exert
a force to the valve needle 48. The force from the solid
state actuator 22 being exerted to the valve needle 48 in
an axial direction allows or prevents a fluid flow through
the fluid outlet portion 60. Furthermore, the injection valve
28 has a fluid inlet portion 62, which is arranged in the
housing body 34, 36 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
is stored under high pressure, for example, under the
pressure above 200 bar.

The valve assembly 30 is arranged in the injection valve
28 facing the first axial end area 24 on the drive side of
the solid state actuator unit 12 in a part of the recess 38
of the housing body 34 of the injection valve 28 along the
longitudinal axis A.

[0029] The compensator unit 14, which is in this ex-
ample a thermal compensator unit, is arranged facing
the second axial end area 26 of the solid state actuator
unit 12 and facing the damping element 16 and is me-
chanically coupled to the piston 18 of the solid state ac-
tuator unit 12. In particular, the compensator unit 14 en-
ables to set an axial preload force on the solid state ac-
tuator unit 12 via the piston 18 to compensate changes
of the fluid flow through the fluid outlet portion 60 in the
case of temperature changes of the injection valve 28.
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[0030] The injection valve 28 further comprises the
connector 32 with a non-conductive connector body 64
in which an electric conductor 66 is arranged. Electric
energy can be supplied to the electric conductor 66 of
the connector 32. Furthermore, the solid state actuator
unit 12 comprises an adapter 68 consisting of terminal
elements 70. The electric conductor 66 of the connector
32 is electrically coupled to one of the terminal elements
70 of the adapter 68 which is electrically coupled to an-
other of the terminal elements 70 which on its part is
electrically coupled to the electric pins 20 of the solid
state actuator 22. Consequently, electric energy can be
simply supplied to the solid state actuator 22 via the con-
nector 32.

[0031] The damping element 16 is arranged in-be-
tween the solid state actuator unit 12 and the compen-
sator unit 14, wherein the damping element 16 may be
conterminous to a spring rest of the compensator unit
14. In particular, the damping element 16 may be de-
signed not to be conterminous to the housing body 36 of
the injection valve 28. By this, the damping element 16
is arranged in-between the solid state actuator unit 12
and the compensator unit 14 without being in contact with
further parts of the injection valve 28. In this case, espe-
cially reliable damping of undesired movements of the
solid state actuator unit 12 and vibrations within the sec-
ond axial end area 26 of the actuator arrangement 10 is
accomplished.

[0032] Moreover, the damping element 16 may be pre-
arranged in-between the compensator unit 14 and the
solid state actuator unit 12 to enable the correct arrange-
ment. In addition, the damping element 16 is preloaded
by the compensator unit 14 and the solid state actuator
unit 12 to provide an axial preload force. By this, espe-
cially reliable damping of undesired movements of the
solid state actuator unit 12 and vibrations within the sec-
ond axial end area 26 of the actuator arrangement 10
can be accomplished. Typically, the damping element 16
is preloaded with an axial preload force in the range of
10 N.

[0033] In the following, the function of the injection
valve 28 will be described in detail:

[0034] The fluid is led from the fluid inlet portion 62
through the housing body 34, 36 to the fluid outlet portion
60.

[0035] The valve needle 48 prevents a fluid flow
through the fluid outlet portion 60 in the valve body 46 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
60.

[0036] The solid state actuator 22 may change its axial
length if it is energized. By changing its length the solid
state actuator 22 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 46 and the valve needle 48 at the first axial end
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area 24 of the injection valve 28 facing away from the
solid state actuator 22. The spring 54 can force the valve
needle 48 via the valve needle spring rest 52 towards
the solid state actuator 22. In the case the solid state
actuator 22 is de-energized, the solid state actuator 22
shortens its length. The spring 54 can force the valve
needle 48 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
22 and the force on the valve needle 48 caused by the
spring 54 whether the valve needle 48 is in its closing
position or not.

[0037] If the solid state actuator 22 is energized, un-
desired movements and vibrations can occur at the top
cap 42 of the actuator housing. A rigidly coupling of the
adapter 68 to the top cap 42 let the forces caused by the
vibrations be transmitted directly from the top cap 42 of
the actuator housing to the adapter 68. Thus, for example
electric connections between the electric pins 20 of the
solid state actuator unit 12 and the power supply may be
stressed. By the damping element 16, undesired move-
ments of the solid state actuator unit 12 can be prevented
and vibrations within the second axial end area 26 of the
actuator arrangement 10 can be limited, which enables
reliable operation.

Claims
1. Actuator arrangement (10), comprising

- a solid state actuator unit (12) with a longitudi-
nal axis (A) comprising electric pins (20) being
electrically coupable to a power supply and a
piston (18), wherein the solid state actuator unit
(12) comprises a first axial end area (24) de-
signed to act as drive side and a second axial
end area (26) facing away from the first axial
end area (24),

- acompensator unit (14) being arranged facing
the second axial end area (26) of the solid state
actuator unit (12) along the longitudinal axis (A)
of the solid state actuator unit (12) and being in
contact with the solid state actuator unit (12) via
the piston (18), and

- a damping element (16) being designed and
arranged in-between the compensator unit (14)
and the solid state actuator unit (12) facing the
second axial end area (26) of the solid state ac-
tuator unit (12), the damping element (16) being
preloaded by the solid state actuator unit (12)
and the compensator unit (14).

2. Actuator arrangement (10) according to claim 1,
wherein the damping element (16) is preloaded with

an axial preload force in the range of 10 N.

3. Actuator arrangement (10) according to one of the
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preceding claims, wherein the damping element (16)
comprises a silicon base.

Actuator arrangement (10) according to one of the
preceding claims, wherein the damping element (16) 5
comprises a plastic.

Actuator arrangement (10) according to claim 4,

wherein the plastic is rubber.
10

Injection valve (28) with a valve assembly (30) within

a recess (38) of a housing body (34, 36) and an ac-
tuator arrangement (10) according to one of the pre-
ceding claims, comprising a solid state actuator unit

(12) within the recess (38), wherein the solid state 15
actuator unit (12) is being designed for acting on the
valve assembly (30).
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