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(54) Thermal compensation arrangement and injection valve

(57) Thermal compensation arrangement (12) com-
prising a housing (14) including a first central longitudinal
axis (A), the housing (14) comprising a cavity (22), a solid
state actuator unit (16) being arranged in the cavity (22)
and having a first axial end (16a) and a second axial end
(16b), the second axial end (16b) acting as a drive side
of the actuator unit (16), and a thermal compensation
unit (18) being arranged in the cavity (22) and being cou-
pled to the first axial end (16a) of the actuator unit (16).
The thermal compensation unit (18) comprises a casing
(40) being coupable to the housing (14) and comprising
arecess (42), a piston (44) axially movable in the recess
(42) and being coupable to the actuator unit (16), the
piston (44) having a first front surface (58) facing the solid
state actuator unit (16) and a second front surface (59)
facing away from the first front surface (58), a gap (62)
being formed in the recess (42) and extending in radial
direction between the piston (44) and the casing (40),
and a piston channel (68) being arranged in the piston
(44) and extending from the first front surface (58) to the
second front surface (59) of the piston (44) thereby en-
abling a fluid flow through the piston channel (68). The
piston channel (68) comprises a converging section (70),
which converges towards the first front surface (58) of
the piston (44).
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Description

[0001] The invention relates to a thermal compensa-
tion arrangement and an injection valve.

[0002] Injection valves are in wide spread 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 for an internal combustion en-
gine comprise actuator units. In order to inject fuel, the
actuator unit is energized so that a fluid flow through the
fluid outlet portion of the injection valve is enabled.
[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 or in the case of diesel engines in the range of up to
2,000 bar. The injection of fluids under such high pres-
sures has to be carried out very precisely.

[0005] The objectoftheinventionisto create athermal
compensation arrangement and an injection valve that
are simply to be manufactured and which facilitate a re-
liable and precise function of the injection valve.

[0006] These objects are achieved by the features of
the independent claims. Advantageous embodiments of
the invention are given in the sub-claims.

[0007] According to a first aspect the invention is dis-
tinguished by a thermal compensation arrangement
comprising a housing including a first central longitudinal
axis, the housing comprising a cavity, a solid state actu-
ator unit being arranged in the cavity and having a first
axial end and a second axial end, the second axial end
acting as a drive side of the actuator unit and a thermal
compensation unit being arranged in the cavity and being
coupled to the first axial end of the actuator unit. The
thermal compensation unit comprises a casing being
coupable to the housing and comprising a recess, a pis-
ton axially movable in the recess and being coupable to
the actuator unit, the piston having a first front surface
facing the solid state actuator unit and a second front
surface facing away from the first front surface, a gap
being formed in the recess and extending in radial direc-
tion between the piston and the casing and a piston chan-
nel being arranged in the piston and extending from the
first front surface to the second front surface of the piston
thereby enabling a fluid flow through the piston channel.
The piston channel comprises a converging section,
which converges towards the first front surface of the
piston.

[0008] This has the advantage that a reliable and pre-
cise function of the thermal compensation arrangement
is enabled. Moreover, the thermal compensation ar-
rangement may be easy to be manufactured. Due to the
shape of the piston channel comprising the converging
section, the thermal compensation arrangement has the
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advantage that a mechanical component to regulate a
fluid flow, for example a flapper valve, is not required.
Thereby, the assembly process line may be simplified.
For example, a welding of a flapper valve to the piston
may be obsolete. Thus, low production costs may be en-
abled. By leaving out a mechanical component such as
a flapper valve, one source of faultiness of the thermal
compensation arrangement may be left out due to a pos-
sible wearing of the mechanical component. Moreover,
in the case of an axial movement of the piston in direction
to the actuator unit a high fluid flow rate from a bottom
recess section facing the first front surface to a recess
section facing the second front surface is possible. Pref-
erably, the recess of the casing is a cylindrical bore hole.
[0009] In an advantageous embodiment the piston
channel comprises a second central longitudinal axis and
is inclined in a direction of the second central longitudinal
axis relative to the first central longitudinal axis.

[0010] This allows a good performance of the fluid flow
from the bottom recess section facing the first front sur-
face to the recess section facing the second front surface.
[0011] In afurther advantageous embodiment the pis-
ton channel comprises a second central longitudinal axis,
wherein the second central longitudinal axis extends at
least partly parallel to the first central longitudinal axis.
[0012] This allows a good performance of the fluid flow
from the bottom recess section facing the first front sur-
face to the recess section facing the second front surface.
Moreover, the piston channel may be easy to be manu-
factured.

[0013] According to a second aspect the invention is
distinguished by an injection valve comprising the ther-
mal compensation arrangement in accordance with the
first aspect of the invention.

[0014] This has the advantage that a reliable and pre-
cise function of the injection valve is enabled.

[0015] Exemplary embodiments of the invention are
explained in the following with the help of schematic
drawings. These are as follows:

Figure 1, an injection valve in a longitudinal section
view,

Figure 2, an enlarged view of a part of the injection
valve according to figure 1 with a thermal
compensation arrangement,

Figure 3, anenlarged view of a thermal compensation
unit of the thermal compensation arrange-
ment for the injection valve in a first operat-
ing condition, and

Figure 4, anenlarged view of the thermal compensa-
tion unit of the thermal compensation ar-
rangement for the injection valve in a second
operating condition.

[0016] Elements of the same design and function that
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appear in different illustrations are identified by the same
reference characters.

[0017] An injection valve 10 (figure 1) that is used as
a fuel injection valve for an internal combustion engine,
comprises a thermal compensation arrangement 12,
which comprises a housing 14, a solid state actuator unit
16 with a first axial end 16a and a second axial end 16b
acting as a drive side of the actuator unit and a thermal
compensation unit 18.

[0018] The housing 14 has a tubular shape. The actu-
ator unit 16 is inserted into the housing 14 and comprises
a piezo actuator, which changes its axial length depend-
ing on a control signal applied to it. The actuator unit 16
may, however, also comprise another type of actuator,
whichis known to person skilled in the art for that purpose.
Such an actuator may be, for example, a solenoid.
[0019] The injection valve 10 comprises a valve body
20 with afirst central longitudinal axis A. The housing 14
has a cavity 22 which is axially led through the valve body
20. On one of the free ends of the cavity 22, a fluid outlet
portion 24 is formed which is closed or open depending
on the axial position of a valve needle 26. The injection
valve 10 further has a fluid inlet portion 28 which is ar-
ranged in the housing 14 and which is hydraulically cou-
pled to the cavity 22 and a not shown fuel connector. The
fuel connectoris designed to be connected to a high pres-
sure fuel chamber of an internal combustion engine, the
fuel is stored under high pressure, for example, under
the pressure above 200 bar.

[0020] The valve body 20 has a valve body spring rest
30 and the valve needle 26 comprises a valve needle
spring rest 32, both spring rests 30, 32 supporting a main
spring 34 being arranged between the valve body 20 and
the valve needle 26.

[0021] The injection valve 10 is of an outward opening
type. In an alternative embodiment, the injection valve
10 may be of an inward opening type. Between the valve
needle 26 and the valve body 20 a bellow 36 is arranged
which is sealingly coupling the valve body 20 with the
valve needle 26. By this a fluid flow between the cavity
22 and a chamber 38 is prevented. Furthermore, the bel-
low 36 is formed and arranged in a way that the valve
needle 26 is actuable by the actuator unit 16.

[0022] Figure 2 shows a longitudinal sectional view of
the thermal compensation arrangement 12 arranged in
the housing 14 and coupled to the actuator unit 16.
[0023] The thermal compensation unit 18 has a casing
40 of a cylindrical shape which has a recess 42, in which
a piston 44 is arranged. The piston 44 is of a cylindrical
shape and extends in the axial direction of the casing 40
and is coupled to the actuator unit 16 by a connecting
bar 45. Preferably, the recess 42 of the casing 40 is a
cylindrical bore hole.

[0024] The thermal compensation unit 18 comprises a
sealing element 46 arranged in a piston rest 48 being
part of the casing 40 and supporting the piston 44 in an
initial state of the thermal compensation unit 18 as de-
scribed below.
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[0025] A spring retaining element 50 is mechanically
coupled to the thermal compensation unit 18 by the con-
necting bar 45. A compensation spring 52 is arranged
between the sealing element 46 of the thermal compen-
sation unit 18 and a spring retaining element spring rest
54 of the spring retaining element 50 to support the com-
pensation spring 52.

[0026] The thermal compensation arrangement 12 is
rigidly coupled to the housing 14 of the injection valve 10
by a welding seam 56 extending circumferentially over a
side surface 57 of the casing 40 of the thermal compen-
sation arrangement 12.

[0027] Figure 3 and 4 show the thermal compensation
unit 18 of the thermal compensation arrangement 12 in
a longitudinal sectional and in large detailed view. The
piston 44 of the thermal compensation arrangement 12
has a first front surface 58 facing the solid state actuator
unit 16 and a second front surface 59 facing away from
the first front surface 58 thereby facing away from the
solid state actuator unit 16. The cylindrical shaped piston
44 furthermore has a lateral surface 60 extending be-
tween the first front surface 58 and the second front sur-
face 59.

[0028] Between the lateral surface 60 of the piston 44
and the casing 40 of the thermal compensation unit 18,
a gap 62 is formed being a part of the recess 42 of the
casing 40. Between the second front surface 59 of the
piston 44 and the casing 40 a recess section 64 is ex-
tending in axial direction. Between the first front surface
58 of the piston 44 and the sealing element 46 a bottom
recess section 66 is arranged. The recess section 64 and
the bottom recess section 66 are part of the recess 42
of the casing 40.

[0029] It will be described in the following that the re-
cess section 64 and the bottom recess section 66 are
changing their volumes in the case of an axial movement
of the piston 44 in the casing 40.

[0030] A piston channel 68 is arranged in the piston
44 and extends from the first front surface 58 of the piston
44 to the second front surface 59 of the piston 44. The
piston channel 68 allows a hydraulic coupling of the re-
cess section 64 between the second front surface 59 of
the piston 44 and the casing 40 and the bottom recess
section 66 extending between the sealing element 46
and the first front surface 58 of the piston 44. The diam-
eter of the gap 62 is much smaller than the diameter of
the piston channel 68. In figure 3 and 4, the gap 62 is
depicted with a much bigger diameter than itis compared
to the dimensions of further depicted components in fig-
ure 3 and 4 to illustrate a fluid flow.

[0031] The piston channel 68 comprises a converging
section 70, which converges towards the first front sur-
face 58 of the piston 44. Preferably, the diminution of the
diameter of the piston channel 68 along the converging
section 70 ranges from 40% to 95% compared to the
diameter of further parts of the piston channel 68. For
example, the converging section 70 comprises an angle
in the range of 3° to 15° compared to further parts of the
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piston channel 68.

[0032] The piston channel 68 comprises a second cen-
tral longitudinal axis B and may be inclined in a direction
of the second central longitudinal axis B relative to the
first central longitudinal axis A. In a further exemplary
embodiment, the second central longitudinal axis B ex-
tends at least partly parallel to the first central longitudinal
axis A. This allows a good performance of the fluid flow
from the bottom recess section 66 facing the first front
surface 58 to the recess section 64 facing the second
front surface 59.

[0033] In the following, the function of the injection
valve 10 will be described:

[0034] The fuel is led from the fluid inlet portion 28 in
the housing 14 towards the valve body 20 and then to-
wards the fluid outlet portion 24.

[0035] The valve needle 26 prevents a fluid flow
through the fluid outlet portion 24 in the valve body 20 in
a closing position of the valve needle 26. Outside of the
closing position of the valve needle 26, the valve needle
26 enables the fluid flow through the fluid outlet portion
24.

[0036] Inthe case that the actuator unit 16 has a piezo
electric actuator, the piezo electric actuator may change
its axial length if it gets energized. By changing its length
the actuator unit 16 may exert a force on the valve needle
26. Due to the elasticity of the bellow 36 the valve needle
26 is able to move in axial direction out of the closing
position. Outside the closing position of the valve needle
26 there is a gap between the valve body 20 and the
valve needle 26 at an axial end of the injection valve 10
facing away from the actuator unit 16. The gap is forming
a valve nozzle 72.

[0037] The main spring 34 can force the valve needle
26 via the valve needle spring rest 32 towards the actu-
ator unit 16. In the case the actuator unit 16 is de-ener-
gized the actuator unit 16 shortens its length. Due to the
elasticity of the bellow 36 the main spring 34 can force
the valve needle 26 to move in axial direction inits closing
position. It is depending on the force balance between
the force on the valve needle 26 caused by the actuator
unit 16 and the force on the valve needle 26 caused by
the main spring 34 whether the valve needle 26 is in its
closing position or not. If the valve needle 26 is not in its
closing position a fuel flow is enabled through the valve
nozzle 72.

[0038] The thermal compensation arrangement 12
serves two purposes: first the compensation of changes
of the length of the actuator unit 16 due to thermal vari-
ations, which are comparably slow changes, and second
providing stiffness against impulsive forces of the actu-
ator unit 16 due to an energizing and a de-energizing of
the actuator unit 16 to avoid an energy loss.

[0039] In the following the function of the thermal com-
pensation arrangement 12 concerning the compensation
of changes of the length of the actuator unit 16 due to
thermal variations will be described in detail. If the tem-
perature of the injection valve 10 increases during its
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operation, the injection valve 10, especially the housing
14, expands its axial length. In general, the housing 14,
which is preferably made of stainless steel, expands
more with the temperature than the actuator unit 16,
which may comprise ceramic. The thermal compensation
unit 18 is arranged in order to compensate that thermal
expansion, especially of the housing 14 of the injection
valve 10.

[0040] During the operation of the thermal compensa-
tion arrangement 12, the recess section 64 and the bot-
tom recess section 66 are filled with fluid, preferably oil.
The fluid in the recess section 64 and the bottom recess
section 66 is pressurized by the compensation spring 52,
which is arranged in such a way that the compensation
spring 52 acts on the sealing element 46 and therewith
the piston 44. There is the same pressure of the fluid in
the recess section 64 and the bottom recess section 66
due to the piston channel 68 and the gap 62. The second
front surface 59 of the piston 44 has a larger surface than
the first front surface 58 of the piston 44 because of the
connecting bar 45. The pressure acting on the larger sur-
face of the second front surface 59 of the piston 44 causes
a bigger force on the piston 44 then the pressure acting
on the first front surface 58 of the piston 44. So, if there
is no force acting on the thermal compensation unit 18
from the outside of the thermal compensation unit 18,
the piston 44 is pressed towards the actuator unit 16. In
that way, the connecting bar 45 never loses contact to
the actuator unit 16.

[0041] If the thermal compensation unit 18 is arranged
in the injection valve 10, itis arranged in such a way that
the thermal compensation unit 18 is preloaded. So, the
actuator unit 16 never loses contact to the connecting
bar 45.

[0042] If the housing 14 reduces its axial length more
with the changing temperature than the actuator unit 16,
the force on the piston 44 is increasing. Simultaneously,
the piston 44 in the recess 42 of the casing 40 is moved
in axial direction in a first piston movement direction P1
(Fig. 3) away from the sealing element 46. The fluid in
the recess 42 flows in a fluid flow direction F from the
recess section 64 to the bottom recess section 66 via the
piston channel 68 and the gap 62. When the piston 44
starts to move in the first piston direction P1, the piston
44 looses contact with the piston rest 48 allowing the fluid
flowing from the gap 62 and the piston channel 68 to the
bottom recess section 66 adjacent to the sealing element
46. During this the volume of the bottom recess section
66 is increasing while the volume of the recess section
64 is decreasing.

[0043] Ifthe housing 14 expands more with the chang-
ing temperature than the actuator unit 16, the force on
the piston 44 is decreasing. The fluid presses the piston
44 towards the actuator unit 16. Consequently, the piston
44 of the thermal compensation arrangement 12 is forced
to move in a second piston movement direction P2 (Fig.
4) towards the sealing element 46. During this the volume
of the recess section 64 is increasing and the volume of
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the bottom recess section 66 is decreasing. The fluid
flows through the piston channel 68 into the recess sec-
tion 64 between the second front surface 59 of the piston
44 and the casing 40. So the thermal expansion of the
housing 14 can be compensated.

[0044] In the following the function of the thermal com-
pensation arrangement 12 concerning the fast move-
ments of the piston 44, for example due to energizing
and de-energizing of the actuator unit 16, will be de-
scribed in detail.

[0045] If the actuator unit 16 gets energized, it may
expand only for few microseconds before it gets de-en-
ergized in a typical application for dosing fluid. This du-
ration is too short for a substantive amount of the fluid to
pass the gap 62 or the converging section 70 of the piston
channel 68 in order to level out the pressure differences
between the recess section 64 and the bottom recess
section 66 substantially. Thus, only small movements are
possible. In that duration, the piston 44 stays nearly in
its position and the actuator unit 16 has a nearly solid
base to act on so that the actuator unit 16 acts on the
valve needle 26 in order to move the valve needle 26 out
of its closing position.

[0046] In figure 3, the thermal compensation arrange-
ment 12 is shown in an exemplary state. The shown state
of the piston 44 is an ultimate state that is the lowest
possible state of the piston 44 regarding the first longitu-
dinal axis A in the illustration of figure 3. This means that
the piston 44 is in contact with the piston rest 48 due to
the spring forces of the compensation spring 52.

[0047] Ifthe actuator unit 16 is energized and therefore
changes its length to move the valve needle 26 out of
the closing position simultaneously the piston 44 is sub-
jected to an impulsive force in axial direction in the first
piston movementdirection P1 (Fig. 3) away from the seal-
ing element 46. Due to the impulsive force, a pressure
wave is caused in the recess section 64 between the
second front surface 59 of the piston 44 and the casing
40 of the thermal compensation unit 18. As the converg-
ing section 70 of the piston channel 68 converges to-
wards the first front surface 58 of the piston 44, the mol-
ecules of the fluid interact strongly, which prevents a slid-
ing of the molecules of the fluid apart of each other, and
a high viscous resistance is caused for the fluid flowing
from the recess section 64 through the piston channel
68 to the bottom recess section 66. In addition, the com-
paratively small diameter of the gap 62 supports the high
viscous resistance for the fluid flowing from the recess
section 64 to the bottom recess section 66. Thus, a high
damping coefficient is caused for the fluid flowing from
the recess section 64 through the piston channel 68 or
the gap 62 to the bottom recess section 66. Therefore,
the piston 44 stays nearly in its position, in particular also
in view of the impulsive character of the impulsive force
which the piston 44 is subjected to, and the actuator unit
16 has a nearly solid base to act on.

[0048] If the actuator unit 16 is de-energized and con-
sequently, the actuator unit 16 shortens its length to force
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the valve needle 26 to move in axial direction into its
closing position, the piston 44 of the thermal compensa-
tion arrangement 12 is forced to move in a second piston
movement direction P2 (Fig. 4) towards the sealing ele-
ment 46. Due to the short duration of the impulsive force
acting in the first piston movement direction P1 on the
piston 44, the de-energizing mainly results in the com-
pensation of the prior to this existing pressure difference
between the fluid in the recess section 64 and the bottom
recess section 66 and further only results in a compara-
tively small further pressure difference of opposite sign
due to the very small change of position of the piston 44
during the short duration of the impulsive force. Thus,
occurring forces return into their state as before energiz-
ing of the actuator unit 16 and the piston 44 returns into
its position as it was before the actuator unit 16 was en-
ergized. As the converging section 70 of the piston chan-
nel 68 diverges towards the second front surface 59 of
the piston 44, a lower viscous resistance is caused for
the fluid flowing from the bottom recess section 66
through the piston channel 68 to the recess section 64
than flowing from the recess section 64 through the piston
channel 68 to the bottom recess section 66. Therefore,
a lower damping coefficient is caused for the fluid flowing
from the bottom recess section 66 to the recess section
64 than from the recess section 64 to the bottom recess
section 66 and a higher fluid flow rate is possible. Thus,
a fluid flow is enabled such that the piston 44 returns into
its position as it was before the actuator unit 16 was en-
ergized. Consequently, in view of the impulsive character
of the impulsive force, which the piston 44 is subjected
to, the piston 44 nearly stays in its position during an
energizing and de-energizing of the actuator unit 16 such
that the actuator unit 16 has a nearly solid base to act on.
[0049] The invention is not restricted by the explained
embodiments. For example, the piston channel 68 and/or
the converging section 70 of the piston channel 68 may
comprise a different shape.

Claims

1. Thermal compensation arrangement (12) compris-
ing

- a housing (14) including a first central longitu-
dinal axis (A), the housing (14) comprising a cav-
ity (22),

- a solid state actuator unit (16) being arranged
in the cavity (22) and having a first axial end
(16a) and a second axial end (16b), the second
axial end (16b) acting as a drive side of the ac-
tuator unit (16),

- a thermal compensation unit (18) being ar-
ranged in the cavity (22) and being coupled to
the first axial end (16a) of the actuator unit (16),
the thermal compensation unit (18) comprising
- a casing (40) being coupable to the housing
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(14) and comprising a recess (42),

- a piston (44) axially movable in the recess (42)
and being coupable to the actuator unit (16), the
piston (44) having a first front surface (58) facing
the solid state actuator unit (16) and a second
front surface (59) facing away from the first front
surface (58),

- agap (62) being formed in the recess (42) and
extending in radial direction between the piston
(44) and the casing (40),

- a piston channel (68) being arranged in the
piston (44) and extending from the first front sur-
face (58) to the second front surface (59) of the
piston (44) thereby enabling a fluid flow through
the piston channel (68), wherein the piston chan-
nel (68) comprises a converging section (70),
which converges towards the first front surface
(58) of the piston (44).

Thermal compensation arrangement (12) in accord-
ance with claim 1, with the piston channel (68) com-
prising a second central longitudinal axis (B) being
inclined in a direction of the second central longitu-
dinal axis (B) relative to the first central longitudinal
axis (A).

Thermal compensation arrangement (12) in accord-
ance with claim 1, with the piston channel (68) com-
prising a second central longitudinal axis (B), where-
in the second central longitudinal axis (B) extends
at least partly parallel to the first central longitudinal
axis (A).

Injection valve (10) comprising the thermal compen-
sation arrangement (12) in accordance with one of
the preceding claims.
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