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(54) Injection valve

(57)  Injection valve (100) for injecting fluid compris-
ing a central longitudinal axis (LA) and an injection valve
housing (40) with an injection valve cavity (30). The in-
jection valve (100) comprises a valve needle (10) being
axially moveable within the injection valve cavity (30) and
comprising a valve needle body (20). The valve needle
(10) comprises a sealing element (110) being fixedly cou-
pled to the valve needle body (20) and preventing a fluid
injection in a closing position and permitting the fluid in-
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jection in further positions. The valve needle comprises
at least one mass element (50) being axially moveable
relative to the valve needle body (20) and to the injection
valve housing (40). The valve needle (10) comprises at
least one spring element (60) being coupled to the valve
needle body (20) with a first end and being coupled to
the at least one mass element (50) with a second end,
whereas the at least one spring element (60) affects the
at least one mass element (50) in axial directions.
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Description

[0001] The invention relates to an injection valve for
injecting fluid.

[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 the
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 valve 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 valve needle of the injection valve, which may, for
example, 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] US 6,523,759 B1 discloses that during opera-
tion of the injection valve, a close action of the valve nee-
dle to prevent dosing of fluid into the intake manifold or
into the combustion chamber is followed by an unwanted
reopen and close phase of the valve needle, called nee-
dle bounce. During the unwanted reopen and close
phase, unwanted fluid is dispensed from the injection
valve, resulting in a degraded performance of the injec-
tion valve. Therefore, a flow restrictor is disposed in an
armature of the valve needle to restrict fluid flow towards
an upstream end of the armature, resulting in a reduced
bouncing of the valve needle.

[0006] The object of the invention is to create an injec-
tion valve which facilitates a reliable and precise function.
[0007] These objects are achieved by the features of
the independent claim. Advantageous embodiments of
the invention are given in the sub-claims.

[0008] The invention is distinguished by an injection
valve for injecting fluid comprising a central longitudinal
axis and an injection valve housing with an injection valve
cavity. The injection valve further comprises a valve nee-
dle being axially moveable within the injection valve cav-
ity. The valve needle comprises a valve needle body and
a sealing element being fixedly coupled to the valve nee-
dle body and preventing a fluid injection in a closing po-
sition and permitting the fluid injection in further positions.
The valve needle further comprises at least one mass
element being axially moveable relative to the valve nee-
dle body and to the injection valve housing. Furthermore,
the valve needle comprises at least one spring element
being coupled to the valve needle body with a first end
and being coupled to the at least one mass element with
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a second end. The at least one spring element affects
the at least one mass element in axial directions. This
contributes to minimizing a bouncing of the valve needle
and by this contributes to ensuring a reliable and precise
fluid injection. The valve needle body is for example cou-
pled to an armature which is operable to be actuated by
a solenoid in case of an electromagnetic actuated injec-
tion valve. In case of a piezoelectric injection valve, the
valve needle body is preferably coupled to a piezoelectric
actuator.

[0009] The injection valve cavity is designed to be filled
with fluid. The at least one mass element is operable to
axially move within the fluid, accumulated within the in-
jection valve cavity. This has the advantage that the ki-
netic energy of the valve needle body due to axial move-
ments, which results in unwanted reopen phases of the
sealing element and unwanted fluid injections, is dissi-
pated and dampened. Additionally, the spring element
at least partially absorbs the kinetic energy of the valve
needle body. This reduces the bouncing of the sealing
element and by this reduces the unwanted fluid injec-
tions.

[0010] In an advantageous embodiment of the inven-
tion, the at least one mass element comprises a prede-
termined dimension. The predetermine dimension com-
prises a predetermined size of a radial contact surface
which contacts the fluid accumulated within the injection
valve cavity. The predetermined radial contact surface
of the mass element provides a predetermined resist-
ance to the fluid and/or the mass element and by this at
least partially dissipates the kinetic energy of the moving
valve needle body. This contributes to ensuring areliable
and precise function of the injection valve.

[0011] In a further advantageous embodiment of the
invention, the at least one spring element is a helical
spring. This contributes to ensuring a robust injection
valve.

[0012] In a further advantageous embodiment of the
invention, the valve needle comprises a first fixing ele-
ment being fixedly coupled to the valve needle body. The
first fixing element comprises an external thread with a
pitch different to a pitch of the at least one spring element.
The at least one spring element is screwed on the exter-
nal thread of the first fixing element with its first end. l.e.
the pitch of the spring at its first end differs from the pitch
of the first fixing element. This contributes to ensuring a
fixedly coupling of the at least one spring element to the
first fixing element.

[0013] In a further advantageous embodiment of the
invention, the at least one mass element comprises a
central cavity. The central cavity envelops the valve nee-
dle body and comprises an internal thread with a pitch
different to the pitch of the at least one spring element.
The atleast one spring element is screwed on the internal
thread of the at least one mass element with its second
end. |.e. the pitch of the spring at its second end differs
from the pitch of the at least one mass element. This
contributes to ensuring a fixedly coupling of the at least
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one spring element to the at least one mass element.
[0014] In a further advantageous embodiment of the
invention, the valve needle comprises a second fixing
element with a central opening. The central opening en-
velops the valve needle body. The second fixing element
is fixedly coupled to the valve needle body. The valve
needle further comprises multiple mass elements being
separated to each other. Each mass element is radially
spaced to the second fixing element. Furthermore, the
valve needle comprises multiple spring elements, each
being plate-typed and each being adopted to fixedly cou-
ple a particular mass element to the second fixing ele-
ment. The plate-typed spring elements contribute a radial
contact surface to the radial contact surface of the mul-
tiple mass elements. This contributes to damping the ax-
ial movements of the valve needle body.

[0015] A spring rate of the particular spring element
may be varied by varying the thickness of the particular
plate and/or the radial distance between the second fixing
element and the particular mass element.

[0016] Preferably the second fixing element, the mul-
tiple spring elements and the multiple mass elements are
formed as a one piece component which is fixedly cou-
pled to the valve needle body.

[0017] In a further advantageous embodiment of the
invention the valve needle comprises at least one first
retainer with a predetermined radial expansion being fix-
edly coupled to the valve needle body. The valve needle
further comprises a second retainer with a predetermined
radial expansion being fixedly coupled to the valve nee-
dle body. The first and second retainer are axially spaced
to each other. Furthermore, the valve needle comprises
the mass element being arranged between the first and
second retainer. In addition, the valve needle comprises
multiple spring elements. At least one of the multiple
spring elements is arranged between a first end of the
mass element and the first retainer. At least one of the
multiple spring elements is arranged between a second
end of the mass element and the second retainer. The
at least first and second retainer may be a one piece
component together with the valve needle body. The
mass element is preferably hollow-cylindrically shaped
with a central opening enveloping the valve needle body.
The valve needle preferably comprises aradial clearance
between the valve needle body and the mass element
to facilitate an accumulation of fluid between the mass
element and the valve needle body to reduce a friction
between these components.

[0018] The valve needle may comprise more than one
mass element, whereasiitis also possible to axially space
the multiple mass elements to each other and arrange
additional spring elements between them. The spring el-
ement may be a helical spring.

[0019] In a further advantageous embodiment of the
invention, the multiple spring elements are o-rings with
each enveloping the valve needle body. The o-rings com-
prise elastic properties in particular in axial directions.
The usage of o-rings facilitates a robust and simple in-
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jection valve.

[0020] In a further advantageous embodiment of the
invention the valve needle comprises a first retainer with
a predetermined radial expansion being fixedly coupled
to the valve needle body. The valve needle further com-
prises a second retainer with a predetermined radial ex-
pansion being fixedly coupled to the valve needle body.
The first and second retainer are axially spaced to each
other. In addition, the valve needle comprises the mass
element being arranged between the first and second
retainer. Furthermore, the valve needle comprises mul-
tiple spring elements each being bellows-typed and each
enveloping the valve needle body. A first spring element
of the multiple spring elements is arranged between the
first end of the mass element and the first retainer. A
second spring element of the multiple spring elements is
arranged between the second end of the mass element
and the second retainer. The at least first and second
retainer may be a one piece component together with
the valve needle body. The mass element is preferably
hollow-cylindrically shaped with a central opening envel-
oping the valve needle body. The valve needle preferably
comprises a radial clearance between the valve needle
body and the mass element to facilitate an accumulation
of fluid between the mass element and the valve needle
body to reduce a friction between these components.
[0021] Each bellows-typed mass element comprises
elastic properties, in particular in axial directions.
[0022] The valve needle may comprise more than one
mass element, whereas itis also possible to axially space
the mass elements to each other and arrange additional
bellows-typed spring elements between them.

[0023] In a further advantageous embodiment of the
invention, a first fluid volume is formed by the first retain-
er, the first spring element, the first end of the mass el-
ement and the valve needle body. A second fluid volume
is formed by the second retainer, the second spring ele-
ment, the second end of the mass element and the valve
needle body. The at least one mass element envelops
the valve needle body. At least one predetermined radial
clearance between the valve needle body and the mass
element is provided. The at least one radial clearance
represents afluid passage with a predetermined passage
opening to hydraulically connect the first fluid volume with
the second fluid volume. The first and second fluid vol-
ume are designed to be filled with fluid. The fluid passage
with its predetermined opening contributes to damping
the axial movements of the valve needle body. The damp-
ening effect due to the fluid passage may be varied by
varying the diameter of the opening. This reduces the
bouncing of the sealing element after impacting a valve
needle seat.

[0024] In a further advantageous embodiment of the
invention, the first and second spring element comprises
steel. This facilitates a robust function of the injection
valve.

[0025] Exemplary embodiments of the invention are
explained in the following with the aid of schematic draw-
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ings. These are as follows:

Figure 1  injection valve,

Figure 2  injection valve with first fixing element,

Figure 3  injection valve with second fixing element,

Figure 4  injection valve with o-rings,

Figure 5 injections valve with bellows-typed spring
ele- ments,

Figure 6  diagram.

[0026] Elements of the same design and function that

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

[0027] Figure 1, 2, 4 and 5 illustrate injection valves
100 in longitudinal section views, whereas only extrac-
tions of the particular longitudinal sections are depicted.
[0028] A basical function of the injection valves 100 is
described with figure 1.

[0029] The injection valve 100 (figure 1) that is in par-
ticular suitable for dosing fluid into an internal combustion
engine, comprises an injection valve housing 40 with a
central longitudinal axis LA, an injection valve cavity 30
and a valve needle 10. The valve needle 10 comprises
a valve needle body 20, a mass element 50, a sealing
element 110 and a spring element 60.

[0030] The valve needle body 20 is operable to be ac-
tuated by an actuator of the injection valve 100, e.g. an
electromagnetic actuator or a piezoelectric actuator.
While being actuated, the valve needle body 20 moves
axially within the injection valve cavity 30.

[0031] The valve needle body 20 is fixedly coupled to
the sealing element 110, e.g. welded or made in one
piece.

[0032] The sealingelement 110 has a spherical shape.

Alternatively, the sealing element 110 has a conical
shape. Inaclosing position, the sealing element 110 seal-
ingly rests on a valve needle seat of the injection valve
100, by this preventing a fluid flow through at least one
injection nozzle of the injection valve 100. The injection
nozzle may be, for example, an injection hole. However,
it may also be of some other type suitable for dosing fluid.
The sealing element 110 permits the fluid injection into
the combustion chamber in further positions, i.e. when it
does not rest on the valve needle seat. The further posi-
tions represent non-closing positions.

[0033] The mass element 50 is axially moveable rela-
tive to the valve needle body 20 and to the injection valve
housing 40. The mass element 50 is disposed within the
injection valve cavity 30 and comprises a predetermined
dimension including a predetermined radial contact sur-
face. The injection valve cavity 30 is operable to be filled
with fluid.

[0034] The spring element 60 is a helical spring and
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preferably made of stainless steel. Afirstend of the spring
element 60 is fixedly coupled to the valve needle body
20 and a second end of the spring element 60 is fixedly
coupled to the mass element 50. The spring element 60
affects the mass element 50 in axial directions.

[0035] If the sealing element 110 impacts the valve
needle seat of the injection valve 100 in a closing phase,
the kinetic energy of the valve needle body 20 is at least
partially absorbed due to the inertia of the mass element
50, axial moving within the injection valve cavity 30. Ad-
ditionally, the predetermined dimension of the mass el-
ement 50 comprises the predetermined radial contact
surface contacting the fluid accumulated within the injec-
tion valve cavity 30. The predetermined radial contact
surface of the mass element 50 provides a predeter-
mined resistance to the mass element 50 if it axially
moves within the injection valve cavity 30. By this, an
additional dampening effect is effecting the axial move-
ments of the valve needle body 20. By varying a size of
the radial contact surface of the mass element 50, the
dampening effect can be varied.

[0036] Inanotherembodiment (figure 2) of theinjection
valve 100, the valve needle 10 comprises a first fixing
element 70. The first fixing element 70 is fixedly coupled
to the valve needle body 20, e.g. welded or a one piece
component together with the valve needle body 20. The
first fixing element 70 comprises an external thread 90
with a predetermined pitch. The pitch of the external
thread 90 is different to a pitch of the spring element 60.
The spring element 60 is screwed on the external thread
90 of the first fixing element 70 with its first end. This
fixedly couples the spring element 60 to the valve needle
body 20 in an easy and efficient manner. Alternatively,
the spring element 60 is fixedly coupled to the valve nee-
dle body 20 via welding spots.

[0037] According to figure 2, the mass element 50
comprises a central cavity 80. The central cavity 80 en-
velops the valve needle body 20 and comprises an inter-
nal thread with a predetermined pitch being different to
the pitch of the spring element 60. The spring element
60 is screwed on the internal thread of the mass element
50 and by this fixedly coupled to the mass element 50.
Alternatively, the mass element 50 comprises an external
thread where the spring element 60 is screwed on. Al-
ternatively, the mass element 50 is fixedly coupled to the
spring element 60 via welding spots.

[0038] As depicted in figure 2 the mass element 50 is
arranged between the first fixing element 70 and the seal-
ing element 110. Alternatively, the first fixing element 70
may be arranged between the mass element 50 and the
sealing element 110.

[0039] In another embodiment (figure 3), the valve
needle 10 comprises a second fixing element 75. The
second fixing element 75 comprises a central opening
150 enveloping the valve needle body 20. The second
fixing element 75 is fixedly coupled to the valve needle
body 20, e.g. welded or a one piece component together
with the valve needle body 20.
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[0040] The valve needle 10 comprises multiple mass
elements 50, e.g. three. The mass elements 50 are sep-
arated to each other and each is radially spaced to the
second fixing element 75. Each mass element 50 is fix-
edly coupled to the second fixing element 75 via a par-
ticular spring element 60. The particular spring element
60 according to figure 3 is plate-typed and preferably
comprises an additional radial contact surface to the fluid
accumulated within the injection valve cavity 30. This ad-
ditionally dampens the axial movements of the valve nee-
dle body 20. The spring rate of the particular spring ele-
ment 60 can be varied by varying the thickness of the
particular plate and/or by varying the radial distance be-
tween the second fixing element 75 and the particular
mass element 50. The second fixing element 75, the mul-
tiple mass elements 50 and the multiple spring elements
60 are preferably a one piece component.

[0041] In another embodiment (figure 4), the valve
needle 10 comprises afirstand second retainer 120, 130,
with each having a predetermined radial expansion and
with each being fixedly coupled to the valve needle body
20. The first and second retainer 120, 130 are axially
spaced to each other. The mass element 50 is preferably
hollow-cylindrically shaped and envelops the valve nee-
dle body 20. The mass element 50 is axially arranged
between the first and second retainer 120, 130.

[0042] The valve needle 10 may comprise more than
one mass element 50.

[0043] Thevalve needle 10 comprises multiple o-rings,
each comprising elastic properties and each represent-
ing a spring element 60. The o-rings preferably envelop
the valve needle body 20. Three spring elements 60 are
axially arranged between the first retainer 120 and a first
end of the mass element 50. Another three spring ele-
ments 60 are axially arranged between the second re-
tainer 130 and a second end of the mass element 50.
[0044] In another embodiment (figure 5), the valve
needle 10 of the injection valve 100 comprises the first
and second retainer 120, 130 according to figure 4. The
mass element 50 corresponds to the mass element 50
described in figure 4. The valve needle 10 comprises
multiple spring elements 60, each being bellows-typed.
A first spring element 65 is axially arranged between the
first retainer 120 and the first end of the mass element
50. Asecond spring element 66 is axially spaced between
the second retainer 130 and the second end of the mass
element 50. The multiple spring elements 60 comprise
steel and provide elastic properties in axial directions.
[0045] In another embodiment (figure 5), the valve
needle 10 comprises a first and second fluid volume 180,
190. The first fluid volume 180 is formed by the first re-
tainer 120, the first bellows-typed spring element 65, the
first end of the mass element 50 and the valve needle
body 20. The second fluid volume 190 is formed by the
second retainer 130, the second bellows-typed spring
element 66, the second end of the mass element 50 and
the valve needle body 20. The first and second fluid vol-
ume 180, 190 are designed to be filled with fluid.
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[0046] The valve needle 10 may comprise more than
one mass element 50.

[0047] A radial clearance between the mass element
50 and the valve needle body 20 is provided with a pre-
determined opening. The radial clearance represents a
fluid passage 160 with a predetermined passage open-
ing. The fluid passage 160 hydraulically connects the first
fluid volume 180 with the second fluid volume 190.
[0048] If the mass element 50 axially moves due to an
axial movement of the valve needle body 20, one of the
fluid volumes 180, 109 is compressed and forces the
fluid, accumulated within the particular fluid volume, to
pass the fluid passage 160 towards the other fluid vol-
ume. A pressure of the accumulated fluid within the com-
pressed fluid volume, due to the limited possibility of the
fluid to flow into the other fluid volume, works against the
compression of the compressed fluid volume and by this
dampens the axial movement of the mass element 50
and the axial movement of the valve needle body 20. The
dampening may be varied by varying the diameter of the
passage opening of the fluid passage 160.

[0049] Figure 6 depicts a time diagram illustrating a
bounce of particular sealing elements. A first character-
istic 200 represents a lift L of the sealing element in an
injection valve without reduced bouncing. A second char-
acteristic 210 represents the lift L of the sealing element
110 in the injection valve 100 according to figure 1 to 5,
i.e. withreduced bouncing. Afirstlift L1 represents a non-
closing position of the particular sealing element. A sec-
ond lift L2 represents the closing position of the particular
sealing element. In a first point in time t1, the particular
injection valve enters its closing phase. The particular
sealing element impacts the valve needle seat in a sec-
ond point in time t2 to stop the fluid injection.

[0050] As shown infigure 6, the injection valve without
reduced bouncing of the sealing element has multiple
unwanted reopen phases in which fluid is dispensed from
the injection valve. The fluid injection finally stops at a
fourth point in time t4 in which the kinetic energy of the
valve needle is dissipated.

[0051] As depicted in figure 6, the injection valve 100
according to one of figure 1 to 5 has also multiple un-
wanted reopen phases, represented by the second char-
acteristic 210. Compared to the first characteristic 200
the amount of reopen phases is significantly reduced.
Furthermore, the particular amplitudes representing the
particular lifts of the sealing element 110 of the second
characteristic 210 are significantly reduced compared to
the particular amplitudes of the first characteristic 200.
The fluid injection finally stops at a third point in time t3,
which is before the forth point in time t4.

Claims
1. Injection valve (100) for injecting fluid, comprising

- a central longitudinal axis (LA),
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- aninjection valve housing (40) with an injection
valve cavity (30),

- a valve needle (10) being axially moveable
within the injection valve cavity (30) and com-
prising:

-- a valve needle body (20),

-- asealing element (110) being fixedly cou-
pled to the valve needle body (20) and pre-
venting a fluid injection in a closing position
and permitting the fluid injection in further
positions,

-- at least one mass element (50) being ax-
ially moveable relative to the valve needle
body (20) and to the injection valve housing
(40),

-- at least one spring element (60) being
coupled to the valve needle body (20) with
a first end and being coupled to the at least
one mass element (50) with a second end,
whereas the at least one spring element
(60) affects the at least one mass element
(50) in axial directions.

Injection valve (100) according to claim 1, with the
at least one mass element (50) comprising a prede-
termined dimension.

Injection valve (100) according to claim 1 or 2, with
the spring element (60) being a helical spring.

Injection valve (100) according to claim 3, with the
valve needle (10) comprising a first fixing element
(70) being fixedly coupled to the valve needle body
(20) and comprising an external thread (90) with a
pitch different to a pitch of the at least one spring
element (60), whereas the at least one spring ele-
ment (60) is screwed on the external thread (90) of
the first fixing element (70) with its first end.

Injection valve (100) according to one of claims 3 or
4, withthe atleast one mass element (50) comprising
a central cavity (80), the central cavity (80) envelops
the valve needle body (20) and comprises an internal
thread with a pitch different to the pitch of the at least
one spring element (60), whereas the at least one
spring element (60) is screwed on the internal thread
of the at least one mass element (50) with its second
end.

Injection valve (100) according to one of the preced-
ing claims, with the valve needle (10) comprising

- a second fixing element (75) with a central
opening (150) enveloping the valve needle body
(20), with the second fixing element (75) being
fixedly coupled to the valve needle body (20),

- multiple mass elements (50), being separated
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to each other and each being radially spaced to
the second fixing element (75), and

- multiple spring elements (60), each being
plate-typed and each being adopted to fixedly
couple a particular mass element (50) to the sec-
ond fixing element (75).

Injection valve (100) according to one of the preced-
ing claims, with the valve needle (10) comprising

- at least one first retainer (120) with a predeter-
mined radial expansion being fixedly coupled to
the valve needle body (20),

- a second retainer (130) with a predetermined
radial expansion being fixedly coupled to the
valve needle body (20), whereas the first and
second retainer (120, 130) are axially spaced to
each other,

-the mass element (50) being arranged between
the first and second retainer (120, 130),

- multiple spring elements (60), whereas at least
one of the multiple spring elements (60) is ar-
ranged between a first end of the mass element
(50) and the first retainer (120) and at least one
of the multiple spring elements (60) is arranged
between a second end of the mass element (50)
and the second retainer (130).

Injection valve (100) according to claim 7, with the
multiple spring elements (60) being o-rings, with
each enveloping the valve needle body (20).

Injection valve (100) according to one of the preced-
ing claims, with the valve needle (10) comprising

- afirstretainer (120) with a predetermined radial
expansion being fixedly coupled to the valve
needle body (20),

- a second retainer (130) with a predetermined
radial expansion being fixedly coupled to the
valve needle body (20), whereas the first and
second retainer (120, 130) are axially spaced to
each other,

-the mass element (50) being arranged between
the first and second retainer (120, 130),

- multiple spring elements (60), each being bel-
lows-typed and each enveloping the valve nee-
dle body (20), whereas a first spring element
(65) of the multiple spring elements (60) is ar-
ranged between the first end of the mass ele-
ment (50) and the first retainer (120) and a sec-
ond spring element (66) of the multiple spring
elements (60) is arranged between the second
end of the mass element (50) and the second
retainer (130).

10. Injection valve (100) according to claim 9, whereas
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- afirst fluid volume (180) is formed by the first
retainer (120), the first spring element (65), the

first end of the mass element (50) and the valve
needle body (20),

- a second fluid volume (190) is formed by the &
second retainer (130), the second spring ele-
ment (66), the second end of the mass element

(50) and the valve needle body (20),

- the at least one mass element (50) envelops

the valve needle body (20), 10
- at least one predetermined radial clearance
between the valve needle body (20) and the
mass element(50) is provided, with the at least

one radial clearance representing a fluid pas-
sage (160) with a predetermined passage open- 15
ing to hydraulically connect the first fluid volume
(180) with the second fluid volume (190).

11. Injection valve (100) according to claim 9 or 10, with

the first and second spring element (65, 66) com- 20

prising steel.
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