EP 2 719 886 A1

(1 9) Europdisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 2719 886 A1

(12) EUROPEAN PATENT APPLICATION
(43) Date of publication: (51) IntCl.:
16.04.2014 Bulletin 2014/16 F02M 51/06 (2006.07) FO2M 61/16 (2006.01)
(21) Application number: 12187905.0
(22) Date of filing: 10.10.2012
(84) Designated Contracting States: (72) Inventors:

AL AT BEBG CH CY CZDE DKEE ES FIFRGB

GRHRHUIEISITLILTLULVMC MKMT NL NO

PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

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

Grandi, Mauro

57128 Livorno (IT)
Filippi, Stefano

57014 Collesalvetti (IT)
Conversano, Barbara
56021 Cascina (PI) (IT)

(54) Valve assembly for an injection valve

(57)  Avalve assembly (11) for an injection valve (10)
is provided, comprising a valve body (14) comprising a
cavity (18), a valve needle (20) axially movable in the
cavity (18) and an electro-magnetic actuator (36) unit be-
ing designed to actuate the valve needle (20). The elec-
tro-magnetic actuator unit (36) comprises a pole piece
(21) being fixedly coupled with respect to the valve body
(14) and an armature part (22) being axially moveable
with respecttothe valve body (14), wherein the pole piece
(21) comprises a first contact surface (51) and the arma-
ture part comprises a second contact surface (52),
wherein the pole piece (21) and the armature part (22)
are configured to collide with each other at the respective
contact surfaces (51, 52). The pole piece (21) and the
second armature part (22) comprise at least two different
metal materials (25a, 25b), wherein one of the metal ma-
terials has a higher hardness than the at least one other
metal material, and wherein the harder metal material
(25b) is located at least in a first section of the first contact
surface (51) and a second section of the second contact
surface (52), and wherein the harder metal material (25b)
located at the first section of the first contact surface (51)
at least partially overlaps with the harder metal material
(25b) located at the second section of the second contact
surface (52) in a radial direction with respect to a central
longitudinal axis (L) of the valve assembly (11).
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Description

[0001] The invention relates to a valve assembly for
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 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 needle of the injection valve, which may, for exam-
ple, be an electromagnetic actuator or a piezoelectric ac-
tuator.

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

[0007] The invention is distinguished by a valve as-
sembly for an injection valve, comprising a valve body
comprising a cavity, a valve needle being axially movable
in the cavity and an electro-magnetic actuator unit being
designed to actuate the valve needle. The electro-mag-
netic actuator unit comprises a pole piece being fixedly
coupled with respect to the valve body and an armature
part being axially moveable with respect to the valve
body, wherein the pole piece comprises a first contact
surface and the armature part comprises a second con-
tact surface, wherein the pole piece and the armature
part are configured to collide with each other at the re-
spective contact surfaces. The pole piece and the arma-
ture part comprise at least two different metal materials,
wherein one of the metal materials has a higher hardness
than the at least one other metal material, and wherein
the harder metal material is located at least in a first sec-
tion of the first contact surface and a second section of
the second contact surface. The harder metal material
located at the first section of the first contact surface at
least partially overlaps with the harder metal material lo-
cated at the second section of the second contact surface
in a radial direction with respect to a central longitudinal
axis of the valve assembly.

[0008] According to one embodiment, the armature
part is fixedly coupled to the needle. Thereby, the needle
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is moved when the armature part is moved.

[0009] According to a further embodiment, the valve
assembly comprises an attachment member which is fix-
edly coupled to the needle and the armature part is axially
moveable with respect to the needle. The armature part
is configured to mechanically couple with the attachment
member when the armature part is moved in a direction
towards the pole piece, and wherein a movement of the
armature part causes a movement of the needle when
the armature part mechanically couples with the attach-
ment member. The attachment member may be formed
as one piece with the needle or it may be a separate part
which is fixedly attached to the needle, for example by
welding.

[0010] According to one embodiment, the armature
part may move a first distance in a direction towards the
pole piece before the armature part may mechanically
couple with the attachment member. According to a fur-
ther embodiment, the armature part may immediately
couple with the attachment member when the armature
part is moved in a direction towards the pole piece. For
example, the attachment member may be pressed
against the armature part by means of a spring.

[0011] The advantage of the pole piece and the arma-
ture part comprising a hard metal material which is ar-
ranged as previously described is that only little wear
may occur at the contact surfaces of the pole piece and
the armature part. Thereby, the injector closing time drift
during the lifecycle of the injection valve may be reduced.
In particular, the distance which the valve needle is
moved during an opening or a closing operation may be
invariable during the lifecycle of the injection valve.
Thereby, a high accuracy of a fluid dose which is deliv-
ered by the injection valve during one injection operation
may be achieved.

[0012] In one embodiment, the harder metal material
may extend over the whole contact surface of one or both
of the pole piece and the armature part. Alternatively, the
harder metal material may be located only in a section
of the contact surface.

[0013] In one embodiment, the harder metal material
is a martensitic steel. It may comprise the following ele-
ments: Cr, C, Mn, Si, P, S, and Mo. In one development,
it comprises 16-18 % of Cr, 0.6-1.2 % of C, <1 % of Mn,
<1 % of Si, <0.04 % of P, <0.03 % of S, and < 0.75 %
of Mo. The harder metal material may be for example
440 Standard-Steel. The harder metal material has, for
example, a Rockwell hardness of C50 or higher, for ex-
ample between C50 and C70, in particular between C55
and C66, where the limits are included in each case.
[0014] In a preferred embodiment, the pole piece and
the armature part may comprise at least one soft metal
material. Preferably, the soft metal material is a magnetic
material. The soft metal material may be configured to
establish a magnetic performance of the firstand the sec-
ond armature part. The harder metal material may be
non-magnetic in one embodiment.

[0015] Inone embodiment, the soft metal material is a
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ferritic steel. It may comprise the following elements: Cr,
C, Mn, Si, P, and S. Additionally, it may comprise Ni or
Mo. In one development, it comprises 16-18 % Cr, <0.75
% Ni, <0.12 % C, <1 % Mn, <1 % Si, <0.04 % P and
<0.03 % S. For example the soft metal material may be
430 Standard-Steel. The soft metal material has, for ex-
ample, a Rockwell hardness of B100 or lower, for exam-
ple between B70 and B100, in particular between B80
and B90, where the limits are included in each case.
[0016] The advantage of the pole piece and the arma-
ture part having a hard metal material which may be ar-
ranged as described above and a soft magnetic metal
material is that the pole piece and the armature part show
agood magnetic performance as well as a good mechan-
ical performance.

[0017] In one embodiment, the pole piece comprises
two separatly manufactured portions which are position-
ally fixed with respect to each other, wherein one of the
portions comprises the soft metal material and the other
portion comprises the harder metal material. Alternative-
ly or additionally, the armature piece may comprise two
separatly manufactured portions which are positionally
fixed with respect to each other, wherein one of the por-
tions comprises the soft metal material and the other por-
tion comprises the harder metal material. In this way,
functional separation between mechanical and magnet-
ical properties s easily achievable in a cost effective man-
ner.

[0018] According to one embodiment of the invention,
the harder metal material may be located at an inner cir-
cumference of the pole piece. For example, the harder
material may be configured as a sleeve being arranged
at the inner circumference of the pole piece. The sleeve
may be attached to the pole piece by interference fitting.
[0019] According to one embodiment of the invention,
the armature part may comprise a recess, wherein the
harder metal material may be designed as aninsert being
placed in the recess. The insert may be attached in the
recess by interference fitting.

[0020] Accordingto afurther embodiment of the inven-
tion, one or both of the pole piece and the armature part
may be two-component metal injection molded parts.
Thereby, the harder metal material may be efficiently dis-
tributed at the contact surface of the pole piece and the
armature part. In particular, only little volume of the harder
metal material may be required. For example, the harder
metal material may be a thin layer which extends over
the whole contact surface of the pole piece and the ar-
mature part. For example, the layer may have a thickness
of 1 mm.

[0021] In a further embodiment, a coating may be ap-
plied to one or both of the first and the second contact
surfaces. For example, the coating may be applied at
least on the harder metal material, in order to improve
the wearing resistance of the hard metal material. The
coating may be, for example, a chrome coating. Accord-
ing to one embodiment of the invention, the pole piece
and the armature part collide with each other during an
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opening operation of the valve assembly. In particular,
the pole piece and the armature part collide such that the
harder metal material which is located at the first section
of the first contact surface of the pole piece may collide
with the harder metal material which is located at the
second section of the second contact surface of the ar-
mature part. The harder metal material may be config-
ured to withstand the impact generated at the contact
surfaces by the opening operation.

[0022] According to a preferred embodiment, the ar-
mature part is arranged relative to the pole piece in axial
direction towards a fluid outlet portion of the injection
valve.

[0023] According to afurther embodiment of the inven-
tion, the armature part is axially movable between the
pole piece and a stop device. This has the advantage,
that a defined axial movement range of the armature part
can be obtained. For example, the stop device may be
a step or a protrusion in the valve body.

[0024] Exemplary embodiments of the invention are
explained in the following with the aid of schematic draw-
ings. These are as follows:

Figure 1 an injection valve in a longitudinal section
view,

Figure 2  an enlarged section of the elector-magnetic
actuator unit of the injection valve of figure 1,

Figure 3  anenlarged section of a further embodiment
of an elector-magnetic actuator unit of an in-
jection valve.

[0025] Figure 1 shows an injection valve 10 that is in

particular suitable for dosing fuel to an internal combus-
tion engine comprising a valve assembly 11 and an inlet
tube 12.

[0026] The valve assembly 11 comprises a valve body
14 with a central longitudinal axis L and a housing 16.
The housing 16 is partially arranged around the valve
body 14. A cavity 18 is arranged in the valve body 14.
[0027] The cavity 18 takes in a valve needle 20, a pole
piece 21 and an armature 22 which will be described in
detail later. An attachment member 23 is fixedly coupled
to the valve needle. For example, the attachment mem-
ber 23 is formed as a collar around the valve needle 14.
A main spring 24 is arranged in a recess 26 provided in
an inner recess of the pole piece 21. The main spring 24
is mechanically coupled to the attachment member 23
at an axial end 29 of the attachment member 23. The
attachment member 23 is in contact with an inner side
of the pole piece 21 and can guide the valve needle 20
in axial direction inside the valve body 14.

[0028] A component 30is arranged in the inlet tube 12
and forms a further seat for the main spring 24. During
the manufacturing process of the injection valve 10 the
component 30 can be axially moved in the inlet tube 12
in order to preload the main spring 24 in a desired man-
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ner. By this the main spring 24 exerts a force on the valve
needle 20 towards an injection nozzle 34 of the injection
valve 10. The component 30 may comprise a fuel filter,
for example.

[0029] In a closing position of the valve needle 20 it
sealingly rests on a seat plate 32, by this preventing a
fluid flow through the at least one injection nozzle 34.
The injection nozzle 34 may be, for example, an injection
hole. However, it may also be of some other type suitable
for dosing fluid. In addition to that a lower guide 35 is
provided adjacent to the seat plate 32. The lower guide
35 is adapted to guide the valve needle 20 near the in-
jection nozzle 34. The seat plate 32 may be made in one
part with the lower guide 35 or a separate part from the
lower guide 35.

[0030] The valve assembly 11 is provided with an ac-
tuator unit 36 that is preferably an electro-magnetic ac-
tuator. The electro-magnetic actuator unit 36 comprises
a coil 38, which is preferably arranged inside the housing
16 and overmolded. Furthermore, the electro-magnetic
actuator unit 36 comprises the pole piece 21 and the
armature 22. The armature 22 is axially movable in the
cavity 18. The armature part 22 is arranged relative to
the pole piece 21 in an axial direction towards a fluid
outlet portion 40 which is a part of the cavity 18 near the
seat plate 32. The fluid outlet portion 40 communicates
with a fluid inlet portion 42 which is provided in the valve
body 14.

[0031] The housing 16, the pole piece 21 and the ar-
mature part 22 are forming an electromagnetic circuit to-
gether with the valve body 14.

[0032] Figure 2 shows an enlarged section of the in-
jection valve 10 of Figure 1. In particular, Figure 2 shows
the electro-magnetic actuator unit 36 of the injection
valve 10 of figure 1 in more detail. The electromagnetic
actuator unit 36 comprises a pole piece 21 and an arma-
ture part 22. The pole piece 21 comprises a first contact
surface 51 and the armature part comprises a second
contact surface 52. The pole piece 21 and the armature
part 22 may collide with each other at the respective con-
tact surfaces 51, 52. In particular, the pole piece 21 and
the armature part may collide with each other during an
opening operation of the valve needle 20. The pole piece
21 is fixedly coupled with respect to the valve body 14,
while the armature part 22 is axially moveable with re-
spect to the pole piece 21 and, thus, to the valve body 14.
[0033] The polepiece 21 andthe armature part22 each
comprise a first metal material 25a and a second metal
material 25b wherein the second metal material 25b has
a higher hardness than the first metal material 25a. The
first metal material 25a is a soft magnetic material which
may establish a good magnetic performance of the elec-
tromagnetic actuator unit 36.

[0034] Regardingthe pole piece 21,the hard metal ma-
terial 25b is located at an inner circumference of the pole
piece 21. In particular, the hard metal material 25b is
designed in form of a cylindrical sleeve which is arranged
at an inner circumference of the pole piece 21, for exam-
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ple by interference fitting - in particular with the soft metal
material 25a. Regarding the armature part 22, the hard
metal material 25b may be designed as an insert. The
insert is placed in a recess 46 in the soft metal material
25a of the armature part 22. In this way, each of the pole
piece 21 and the armature part 22 are in particular com-
posed of two separately manufactured and rigidly cou-
pled portions, one of the portions comprising the soft met-
al material 25a and the other portion comprising the hard
metal material 25b in each case.

[0035] The hard metal material 25b located at the con-
tact surface 51 of the pole piece 21 and the hard metal
material 25b located at the contact surface 52 of the ar-
mature part 22 at least partially overlap in a radial direc-
tion with respect to the central longitudinal axis L of the
valve assembly 11.

[0036] In the described embodiment, the soft metal
material 25a and the hard metal material 25b of the pole
piece 21 and the armature part 22 comply with each oth-
er. However, in a further embodiment, different soft and
hard metal materials may be used for the pole piece and
the armature part.

[0037] Figure 3 shows an enlarged section view of a
further embodiment of an electro-magnetic actuator unit
36 of an injection valve.

[0038] In particular, Figure 3 shows a pole piece 21
and an armature part 22 which are manufactured by met-
al injection molding. In case that the pole piece 21 and
the armature part 22 are manufactured by metal injection
molding, the distribution of the first metal material 25a
and the second metal material 25b may be different from
the embodiment shown in Figure 2. In particular, the hard
metal material 25b may be a thin layer arranged at the
first and second contact surfaces 51, 52. In this embod-
iment, the distribution of the hard metal material 25b may
be very efficient, since only little volume of the hard metal
material 25b may be required. Therefore, the magnetic
properties of the first metal material 25a may be predom-
inant.

[0039] Inthe embodiment shown in Figure 3, the layer
of hard metal material 25b extends over the whole contact
surface 52 of the armature part 22. In a further embodi-
ment, the hard metal material 25b may be distributed
only in a section of the contact surface 52 which may be
in contact with the contact surface 51 of the pole piece
21. In particular, the hard metal material 25b may be lo-
cated in a section of the contact surface 52 which over-
laps with the hard metal material 25b which is located at
least in a section of the contact surface 51 of the pole
piece 21.

[0040] The embodiments shown infigures 2 and 3 may
also be combined with each other. For example, one of
the pole piece and the armature part may be a metal
injection molded part as shown in figure 3, while the other
one ofthe pole piece and the armature part may comprise
an insert of hard metal material or a sleeve of hard metal
material located at an inner circumference of the part as
shown in figure 2.
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[0041] In the following, the function of the injection
valve 10 is described in detail with reference to figures 1
to 3:

The fluid is led from the fluid inlet portion 42 towards
the fluid outlet portion 40.

The valve needle 20 prevents a fluid flow through
the fluid outlet portion 40 in the valve body 14 in a
closing position of the valve needle 20. Outside of
the closing position of the valve needle 20, the valve
needle 20 enables the fluid flow through the fluid
outlet portion 40.

[0042] In case that the electro-magnetic actuator unit
36 with the coil 38 gets energized, the actuator unit 36
may effect a electro-magnetic force on the armature part
22. The armature part 22 may move in axial direction
away from the fluid outlet portion 40, in particular up-
stream of a fluid flow, due to the electro-magnetic force
acting on the armature part 22. The armature part 22 may
take the valve needle 20 with it, for example by moving
the attachment member 23, such that the valve needle
20 moves in axial direction out of the closing position.
Outside of the closing position of the valve needle 20, a
gap between the valve body 14 and the valve needle 20
at an axial end of the valve needle 20 facing away from
of the actuator unit 36 forms a fluid path and fluid can
pass through the injection nozzle 34.

[0043] In the case when the actuator unit 36 is de-en-
ergized the main spring 24 may force the valve needle
20 to move in axial direction in its closing position. It is
depending on the force balance between the force on
the valve needle 20 caused by the actuator unit 36 with
the coil 38 and the force on the valve needle 20 caused
by the main spring 24 whether the valve needle 20 is in
its closing position or not.

Claims

1. Valve assembly (11) for an injection valve (10), com-
prising

- a valve body (14) comprising a cavity (18),
-avalve needle (20) axially movablein the cavity
(18),

- an electro-magnetic actuator (36) unit being
designed to actuate the valve needle (20), the
electro-magnetic actuator unit (36) comprising
a pole piece (21) being fixedly coupled with re-
spect to the valve body (14) and an armature
part (22) being axially moveable with respect to
the valve body (14), wherein the pole piece (21)
comprises a first contact surface (51) and the
armature part comprises a second contact sur-
face (52), wherein the pole piece (21) and the
armature part (22) are configured to collide with
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each other at the respective contact surfaces
(51, 52), and wherein the pole piece (21) and
the second armature part (22) comprise at least
two different metal materials (25a, 25b), wherein
one of the metal materials has a higher hardness
than the at least one other metal material, and
wherein the harder metal material (25b) is locat-
ed at least in a first section of the first contact
surface (51) and a second section of the second
contact surface (52), and wherein the first sec-
tion of the first contact surface (51) and the sec-
ond section of the second contact surface (52)
at least partially overlap in a radial direction with
respect to a central longitudinal axis (L) of the
valve assembly (11).

Valve assembly (11) according to claim 1, wherein
the armature part (22) comprise a recess (46), and
wherein the harder metal material (25b) is designed
as an insert being placed in the recess (46).

Valve assembly according to claim 1 or 2, wherein
the harder metal material (25b) is located at an inner
circumference of the pole piece (21).

Valve assembly (11) according to any of claims 1 to
3, wherein the pole piece (21) and/or the armature
part (22) comprises two separatly manufactured por-
tions which are positionally fixed with respectto each
other, wherein one of the portions comprises the
harder metal material (25b) and the other portion
comprises the at least one other metal material
(25a).

Valve assembly (11) according to any of claims 1 to
3, wherein one or both of the pole piece (21) and the
armature part (22) are two-component metal injec-
tion molded parts.

Valve assembly (11) according to any of the preced-
ing claims, wherein a coating is applied on one or
both of the first and the second contact surface (51,
52).

Valve assembly (11) according to any of the preced-
ing claims, wherein the harder metal material (25b)
has a Rockwell hardness of C50 or more and the at
least one other metal material (25a) has a Rockwell
hardness of B100 or less.

Valve assembly (11) according to any of the preced-
ing claims, wherein the harder metal material (25b)
is non-magnetic and the at least one other metal ma-
terial (25a) is a magnetic material.

Valve assembly (11) according to any of the preced-
ing claims, wherein the armature part (22) is fixedly
coupled to the needle (20).
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10. Valve assembly (11) according to any of claims 1 to
8 comprising an attachment member (23) which is
fixedly coupled to the needle (20), wherein the ar-
mature part (22) is axially moveable with respect to
the needle (20), and wherein the armature part (22)
is configured to mechanically couple with the attach-
ment member (23) when the armature part (22) is
moved towards the pole piece (21).
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