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Description

�[0001] The invention relates to a thermal compensa-
tion arrangement for an injection valve and an injection
valve, as shown in WO 02/31340 A.
�[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 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 pressures has
to be carried out very precisely.
�[0005] The object of the invention is to create a thermal
compensation arrangement which facilitates a reliable
and precise function of the injection valve.
�[0006] These objects are achieved by 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 for
an injection valve, the injection valve comprising a hous-
ing including a central longitudinal axis, the housing com-
prising a cavity, a valve needle axially movable in the
cavity, and an actuator unit being coupled to the valve
needle and enabling the axial movement of the valve
needle relative to the housing upon actuation of the ac-
tuator unit. The thermal compensation arrangement
comprises a casing being coupable to the housing and
comprising a recess, a piston axially movable in the re-
cess and being coupable to the actuator unit. The piston
has a lateral surface, a first front surface pointing in axial
direction and a second front surface pointing in axial di-
rection and away from the first front surface. Further-
more, the thermal compensation arrangement comprises
a gap being formed in the recess and extending in radial
direction between the lateral surface of the piston and
the casing, a first piston channel being arranged in the
piston and extending from the first front surface to the
second front surface of the piston, and a second piston
channel extending from the lateral surface to the first pis-
ton channel thereby enabling a fluid flow through the sec-
ond piston channel between the gap and a recess section
extending in axial direction between the first front surface
of the piston and the casing.
�[0008] This has the advantage that in the case of an
axial movement of the piston in direction to the actuator
unit a high fluid flow rate from the gap to the recess sec-

tion between the front surface and the casing via the pis-
ton channels is possible. In this case a high circulation
flow rate of the fluid flowing from the recess section be-
tween the front surface and the casing through the gap
and the piston channels back to the recess section be-
tween the front surface and the casing is possible. By
this deposits of components of the fluid in the recess and
in particular in the gap can be prevented.
�[0009] In an advantageous embodiment the thermal
compensation arrangement has a groove being arranged
on the lateral surface of the piston and being hydraulically
coupled to the second piston channel. This allows a good
performance of the fluid flow from the gap into the piston
channel.
�[0010] In a further advantageous embodiment the
groove is extending circumferentially over the lateral sur-
face of the piston. The advantage of this is that a good
fluid flow performance from the whole gap over the whole
circumference of the piston into the piston channel is pos-
sible.
�[0011] According to a second aspect the invention is
distinguished by an injection valve comprising a thermal
compensation arrangement.
�[0012] 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, an enlarged view of the thermal compensa-
tion arrangement for the injection valve in a
first operating condition, and

Figure 4, an enlarged view of the thermal compensa-
tion arrangement for the injection valve in a
second operating condition.

�[0013] Elements of the same design and function that
appear in different illustrations are identified by the same
reference characters.
�[0014] An injection valve 10 (figure 1) that is used as
a fuel injection valve for an internal combustion engine,
comprises a housing 12, a thermal compensation ar-
rangement 14 and an actuator unit 16.
�[0015] The housing 12 has a tubular shape. The actu-
ator unit 16 is inserted into the housing 12 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,
which is known to person skilled in the art for that purpose.
Such an actuator may be, for example, a solenoid.
�[0016] The injection valve 10 comprises a valve body
20 with a central longitudinal axis A and a cavity 24 which
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is axially led through the valve body 20. On one of the
free ends of the cavity 24, a fluid outlet portion 28 is
formed which is closed or open depending on the axial
position of a valve needle 22. The injection valve 10 fur-
ther has a fluid inlet portion 26 which is arranged in the
housing 12 and which is hydraulically coupled to the cav-
ity 24 and a not shown fuel connector. The fuel connector
is designed to be connected to a high pressure fuel cham-
ber of an internal combustion engine, the fuel is stored
under high pressure, for example, under the pressure
above 200 bar.
�[0017] The valve body 20 has a valve body spring rest
32 and the valve needle 22 comprises a valve needle
spring rest 34, both spring rests 32, 34 supporting a main
spring 30 arranged between the valve body 20 and the
valve needle 22.
�[0018] The injection valve 10 is of an outward opening
type. In an alternative embodiment of the injection valve
10 may be of an inward opening type. Between the valve
needle 22 and the valve body 20 a bellow 36 is arranged
which is sealingly coupling the valve body 20 with the
valve needle 22. By this a fluid flow between the cavity
24 and a chamber 38 is prevented. Furthermore, the bel-
low 36 is formed and arranged in a way that the valve
needle 22 is actuable by the actuator unit 16.
�[0019] Figure 2 shows a longitudinal sectional view of
the thermal compensation arrangement 14 arranged in
the housing 12 and coupled to the actuator unit 16.
�[0020] The thermal compensation unit 14 has a casing
45 of a cylindrical shape which has a recess 54, in which
a piston 46 is arranged which is of a cylindrical shape
and extends in the axial direction of the casing 45 and is
coupled to the actuator unit 16 by a connecting bar 48.
�[0021] The thermal compensation unit 14 comprises a
sealing element 50 arranged in a piston rest 51 being
part of the casing 45 and supporting the piston 46 in an
initial state of the thermal compensation unit 14 as de-
scribed below.
�[0022] A spring retaining element 42 is mechanically
coupled to the thermal compensation unit 14 by the con-
necting bar 48. A compensation spring 44 is arranged
between the sealing element 50 of the thermal compen-
sation unit 14 and a spring retaining element spring rest
52 of the spring retaining element 42 to support the com-
pensation spring 44.
�[0023] The thermal compensation arrangement 14 is
rigidly coupled to the housing 12 of the injection valve 10
by a welding seam 56 extending circumferentially over a
side surface 57 of the casing 45 of the thermal compen-
sation arrangement 14.
�[0024] Figure 3 and 4 show the thermal compensation
arrangement 14 in a longitudinal sectional and in large
detailed view. The piston 46 of the thermal compensation
arrangement 14 has a first front surface 58 pointing in
axial direction away from the actuator unit 16 and a sec-
ond front surface 59 pointing in axial direction and facing
the actuator unit 16 thereby pointing away from the first
front surface 58. The cylindrical shaped piston 46 further-

more has a lateral surface 60 extending between the first
front surface 58 and the second front surface 59.
�[0025] Between the lateral surface 60 of the piston 46
and the casing 45 of the thermal compensation arrange-
ment 14, a gap 65 is formed being a part of the recess
54 of the casing 45. Between the first front surface 58 of
the piston 46 and the casing 45 a recess section 66 is
extending in axial direction. Between the second front
surface 59 of the piston 46 and the sealing element 50
a bottom recess section 67 is arranged. The recess sec-
tion 66 and the bottom recess section 67 are part of the
recess 54 of the casing 45.
�[0026] It will be described in the following that the re-
cess section 66 and the bottom recess section 67 are
changing their volumes in the case of an axial movement
of the piston 46 in the casing 45.
�[0027] A first piston channel 61a is arranged in the pis-
ton 46 and extends from the first front surface 58 of the
piston 46 to the second front surface 59 of the piston 46.
The first piston channel 61a allows a hydraulic coupling
of the recess section 66 between the first front surface
58 of the piston 46 and the casing 45 and the bottom
recess section 67 extending between the sealing element
50 and the second front surface 59 of the piston 46.
�[0028] A second piston channel 61b is extending from
the lateral surface 60 of the piston 46 to the first piston
channel 61a. The second piston channel 61b enables a
hydraulic coupling between the gap 65 and the first piston
channel 61a.
�[0029] On the lateral surface 60 of the piston 46 a
groove 62 is arranged in the piston 46 which extends
circumferentially over the lateral surface 60 of the piston
46 and is hydraulically coupled to the second piston chan-
nel 61b. By this a good hydraulic coupling of the gap 65
to the second piston channel 61b can be obtained. The
width of the groove 62 in axial direction is larger than the
width of the second piston channel 61b. By that the
groove 62 and the second piston channel 61b are forming
a funnel with good values for the fluid dynamic properties
of the hydraulic coupling between the gap 65 and the
second piston channel 61b.
�[0030] At one end of the first piston channel 61a on
the first front surface 58 of the piston 46 a flap 64 is ar-
ranged.
�[0031] In the following, the function of the injection
valve 10 will be described:
�[0032] The fuel is led from the fluid inlet portion 26 in
the housing 12 towards the valve body 20 and then to-
wards the fluid outlet portion 28.
�[0033] The valve needle 22 prevents a fluid flow
through the fluid outlet portion 28 in the valve body in a
closing position of the valve needle 22. Outside of the
closing position of the valve needle 22, the valve needle
22 enables the fluid flow through the fluid outlet portion
28.
�[0034] In the 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
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the actuator unit 16 may effect a force on the valve needle
22. Due to the elasticity of the bellow 36 the valve needle
22 is able to move in axial direction out of the closing
position. Outside the closing position of the valve needle
22 there is a gap between the valve body 20 and the
valve needle 22 at an axial end of the injection valve 10
facing away from the actuator unit 16. The gap is forming
a valve nozzle 29.
�[0035] The main spring 30 can force the valve needle
22 via the valve needle spring rest 34 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 30 can force
the valve needle 22 to move in axial direction its closing
position. It is depending on the force balance between
the force on the valve needle 22 caused by the actuator
unit 16 and the force on the valve needle 22 caused by
the main spring 30 whether the valve needle 22 is in its
closing position or not. If the valve needle 22 is not in its
closing position a fuel flow is enabled through the valve
nozzle 29.
�[0036] The thermal compensation arrangement 14
serves two purposes: first the compensation of changes
of the length of the actuator unit 16 due to thermal vari-
ations which are comparable slow changes and second
the compensation of impulsive forces of the actuator unit
16 due to an energizing and a de-�energizing of the actu-
ator unit 16 which result in relative fast movements of the
piston 46 in the casing 45 of the thermal compensation
arrangement 14. In the following the function of the ther-
mal compensation arrangement 14 concerning the fast
movements of the piston 46 due to energizing and de-
energizing of the actuator unit 16 will be described in
detail:
�[0037] In figure 3 the thermal compensation arrange-
ment 14 is shown in its initial state. This means that the
actuator unit 16 is de-�energized and the piston 46 is in
contact with the piston rest 51 due to the spring forces
of the compensation spring 44.
�[0038] If the actuator unit 16 is energized and therefore
changes its length to move the valve needle 22 out of
the closing position simultaneously the piston 46 in the
recess 54 of the casing 45 is moved in axial direction in
a first piston movement direction P1 (Fig. 3) away from
the sealing element 50. This movement causes a pres-
sure wave in the recess section 66 between the first front
surface 58 of the piston 46 and the casing 45 of the ther-
mal compensation arrangement 14. The pressure wave
in the fluid forces the fluid in the recess 54 to flow in a
fluid flow direction F from the recess section 66 to the
gap 65. When the piston 46 starts to move in the first
piston direction P1 the piston 46 looses contact with the
piston rest 51 allowing the fluid flowing from the gap 65
to the bottom recess section 67 adjacent to the sealing
element 50. During this the volume of the bottom recess
section 67 is increasing while the volume of the recess
section 66 is decreasing. As the pressure wave in the
recess section 66 caused by the movement of the piston

46 forces the flap 64 to be closed a fluid flow through the
first piston channel 61a is prevented.
�[0039] If the actuator unit 16 is de- �energized and con-
sequently, the actuator unit 16 shortens its length to force
the valve needle 22 to move in axial direction into its
closing position, the piston 46 of the thermal compensa-
tion arrangement 14 is forced to move in a second piston
movement direction P2 (Fig. 4) towards the sealing ele-
ment 50. During this the volume of the recess section 66
is increasing and the volume of the bottom recess section
67 is decreasing. The movement of the piston 46 creates
a pressure wave in the fluid being in the first piston chan-
nel 61a which opens the flap 64. By this fluid flows through
the first piston channel 61a into the recess section 66
between the first front surface 58 of the piston 46 and
the casing 54.
�[0040] Due to the pressure wave of the fluid in the first
piston channel 61a, low pressure is generated in the sec-
ond piston channel 61b which allows to suck fluid from
the gap 65 into the second piston channel 61b and further
into the first piston channel 61a. By this a good circulation
of fluid in the gap 65 is achieved. Additionally, the groove
62 allows sucking the fluid in the gap 65 into the second
piston channel 61b over the whole circumference of the
piston 46. Due to the second piston channel 61b a good
circulation of fluid from the piston channel 61a to the re-
cess section 66 and further to the gap 65 and the second
piston channel 61b in fluid flow direction F is possible.
By this a deposition of components of the fluid in the
recess 54 and in particular in the gap 65 may be prevent-
ed.

Claims

1. Thermal compensation arrangement (14) for an in-
jection valve (10), the injection valve (10) comprising

- a housing (12) including a central longitudinal
axis (A), the housing (12) comprising a cavity
(24),
- a valve needle (22) axially movable in the cavity
(24), and
- an actuator unit (16) being coupled to the valve
needle (22) and enabling the axial movement of
the valve needle (22) relative to the housing (12)
upon actuation of the actuator unit (16),

the thermal compensation arrangement (14) com-
prising

- a casing (45) being coupable to the housing
(12) and comprising a recess (54),
- a piston (46) axially movable in the recess (54)
and being coupable to the actuator unit (16), the
piston (46) having a lateral surface (60), a first
front surface (58) pointing in axial direction and
a second front surface (59) pointing in axial di-
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rection and away from the first front surface (58),
- a gap (65) being formed in the recess (54) and
extending in radial direction between the lateral
surface (60) of the piston and the casing (45),
- a first piston channel (61a) being arranged in
the piston (46) and extending from the first front
surface (58) to the second front surface (59) of
the piston (46), characterised in that the injec-
tion valve (10) comprises
- a second piston channel (61b) extending from
the lateral surface (60) to the first piston channel
(61a) thereby enabling a fluid flow through the
second piston channel (61b) between the gap
(65) and a recess section (66) extending in axial
direction between the first front surface (58) of
the piston (46) and the casing (45).

2. Thermal compensation arrangement (14) in accord-
ance with claim 1 with a groove (62) being arranged
on the lateral surface (60) of the piston (46) and being
hydraulically coupled to the second piston channel
(61b).

3. Thermal compensation arrangement (14) in accord-
ance with claim 2 with the groove (62) extending cir-
cumferentially over the lateral surface (60) of the pis-
ton (46).

4. Injection valve (10) comprising the thermal compen-
sation arrangement (14) in accordance with one of
the preceding claims.

Patentansprüche

1. Thermische Ausgleichsanordnung (14) für ein Ein-
spritzventil (10), während das Einspritzventil (10)
umfasst: �

- ein Gehäuse (12) mit einer zentralen Längs-
achse (A), während das Gehäuse (12) einen
Hohlraum (24) aufweist,
- eine Ventilnadel (22), die axial in dem Hohl-
raum (24) bewegbar ist, und
- eine Betätigungseinheit (16), die an die Ven-
tilnadel (22) gekoppelt ist und die die axiale Be-
wegung der Ventilnadel (22) im Bezug auf das
Gehäuse (12) aufgrund der Betätigung der Be-
tätigungseinheit (16) gestattet, während die
thermische Ausgleichsanordnung (14) umfasst
- eine Ummantelung (45), die an das Gehäuse
(12) koppelbar ist und eine Aussparung (54) auf-
weist,
- einen Kolben (46), der axial in der Aussparung
(54) bewegbar ist und der an die Betätigungs-
einheit (16) koppelbar ist, während der Kolben
(46) eine laterale Oberfläche (60) aufweist, wo-
bei eine erste Stirnfläche (58) in axiale Richtung

und eine zweite Stirnfläche (59) in axiale Rich-
tung und weg von der ersten Stirnfläche (58)
zeigt,
- einen Spalt (65), der in der Aussparung (54)
ausgebildet ist und sich in radialer Richtung zwi-
schen der lateralen Oberfläche (60) des Kol-
bens und der Ummantelung (45) erstreckt,
- einen ersten Kolbenkanal (61a), der in dem
Kolben (46) angeordnet ist und sich von der er-
sten Stirnfläche (58) zu der zweiten Stirnfläche
(59) des Kolbens (46) erstreckt,

dadurch gekennzeichnet, dass das Einspritzventil
(10) umfasst: �

- einen zweiten Kolbenkanal (61b), der sich von
der lateralen Oberfläche (60) zu dem ersten Kol-
benkanal (61a) erstreckt, wodurch ein Flüssig-
keitsfluss durch den zweiten Kolbenkanal (61b)
zwischen dem Spalt (65) und einem Ausspa-
rungsabschnitt (66) ermöglicht wird, der sich in
axialer Richtung zwischen der ersten Stirnfläche
(58) des Kolbens (46) und der Ummantelung
(45) erstreckt.

2. Thermische Ausgleichsanordnung (14) gemäß An-
spruch 1 mit einer Rille (62), die an der lateralen
Oberfläche des Kolbens (46) angeordnet ist und hy-
draulisch an den zweiten Kolbenkanal (61b) gekop-
pelt ist.

3. Thermische Ausgleichsanordnung (14) gemäß An-
spruch 2, während die Rille (62) sich umfänglich über
die laterale Oberfläche (60) des Kolbens (46) er-
streckt.

4. Einspritzventil (10), umfassend die thermische Aus-
gleichsanordnung (14) gemäß einem der vorherge-
henden Ansprüche.

Revendications

1. Dispositif de compensation thermique (14) pour une
soupape d’injection (10), la soupape d’injection (10)
comprenant

- un boîtier (12) définissant un axe longitudinal
central (A), ce boîtier (12) comportant une cavité
(24),
- une aiguille de soupape (22) déplaçable axia-
lement dans la cavité (24), et
- une unité d’actionnement (16) couplée à
l’aiguille de soupape (22) et permettant d’en as-
surer le mouvement axial par rapport au boîtier
(12) après une activation de l’unité d’actionne-
ment (16),
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le dispositif de compensation thermique (14) com-
prenant

- un fourreau (45) qui peut être couplé au boîtier
(12) et qui définit une cavité (54),
- un piston (46) qui peut se déplacer axialement
dans la cavité (54) et être couplé à l’unité d’ac-
tionnement (16), ce piston (46) présentant une
surface latérale (60), une première face frontale
(58) faisant face à la direction axiale et une se-
conde face frontale (59) faisant face à la direc-
tion axiale mais en sens opposé par rapport à
la première face frontale (58),
- une fente (65) formée dans la cavité (54) et
s’étendant en direction radiale entre la surface
latérale (60) du piston et le fourreau (45),
- un premier passage de piston (61a) ménagé
dans le piston (46) en s’étendant à partir de la
première face frontale (58) vers la seconde face
frontale (59) du piston (46),

caractérisé en ce que  la soupape d’injection (10)
comprend

- un second passage de piston (61b) s’étendant
à partir de la surface latérale (60) vers le premier
passage de piston (61a) pour permettre un
écoulement de fluide à travers le second pas-
sage de piston (61b) entre la fente (65) et la
partie de cavité (66) s’étendant axialement entre
la première face frontale (58) du piston (46) et
le fourreau (45).

2. Dispositif de compensation thermique (14) selon la
revendication 1, comprenant une rainure (62) agen-
cée dans la surface latérale (60) du piston (46) et
couplée hydrauliquement au second passage de
piston (61b).

3. Dispositif de compensation thermique (14) selon la
revendication 2, dans lequel la rainure (62) s’étend
autour de la surface latérale (60) du piston (46).

4. Soupape d’injection (10) comprenant un dispositif
de compensation thermique (14) selon l’une des re-
vendications précédentes.
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