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(67)  Afuelinjection valve for an internal combustion
engine is disclosed which comprises a housing (2), an
electromagnetic actuator with an armature (20) and a
valve needle (4). The armature (20) is axially movable
relative to the housing (2) and to the valve needle (4) and
has arecess (36). The valve needle (4) comprises a stop-
per element (38) being positioned in the recess (36) of
the armature (20). The stopper element (38) and the re-
cess (36) are configured such that the stopper element
(38) is operable to engage into a form-fit connection with
the armature (20) for initiating a movement of the valve
needle (4) and to engage in a further form-fit connection

with the armature (20) for limiting a movement of the valve

needle (4) relative to the armature (20).
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Description

[0001] The disclosure relates to a fuel injection valve
for an internal combustion engine.

[0002] Fuelinjection valves which operate electromag-
netically are well known. With the aid of an electromag-
netic actuator having a magnetic coil which is chargeable
by electricity to generate a magneticfield, a magnetizable
armature which may be combined with a valve needle,
will be stimulated for movement. Normally, the movement
is an axial movement along a valve axis of the valve.
[0003] If the valve needle and the armature are cou-
pled, the valve needle also starts moving due to the
movement of the armature. Depending on the direction
of the armature’s movement, a nozzle orifice may be
opened or closed with the aid of the valve needle. In order
to ensure that the nozzle orifice is opened exactly only
for certain times during the injection process, a valve
spring is normally positioned in the fuel injection valve,
which urges the valve needle against the nozzle orifice.
This means, that the valve needle has to be moved by
the aid of the armature against the spring force of the
valve spring, when the nozzle orifice is to be opened.
When the nozzle orifice is open, afuel quantity positioned
in the fuel injection valve can flow through the nozzle
orifice into a combustion chamber, normally a combus-
tion chamber of an internal combustion engine.

[0004] A problem of fuel injection valves in the state of
the art is a so-called overshoot of the valve needle. The
valve needle is detachably coupled with the armature.
Due to an impact of the armature with the stop element,
the valve needle and the armature decouple and the
valve needle may move without being contacted to the
armature. So an extraordinary lift is initiated, also called
needle overshoot. More fuel as expected may be sprayed
into the combustion engine due to the needle overshoot.
[0005] A combustion process of the internal combus-
tion engine depends among several other criteria, e.g.
fuel quantity or fuel temperature or fuel pressure, on the
opening and closing of the nozzle orifice. Therefore, an
exactly defined opening and closing of the nozzle orifice
are very important for reaching a desired power rate, fuel
consumption or emissions of the internal combustion en-
gine.

[0006] The international application WO 2013/060717
A1 discloses a fuel injection valve for an internal com-
bustion engine which comprises a valve body with a cav-
ity and a valve needle being movably arranged in the
cavity. A movable armature is positioned in the cavity
and may axially move along a central longitudinal axis of
the valve body. The moving is initiated by an electromag-
netic actuator due to a magnetic field. The valve needle
comprises a stop element fixed to the valve needle for
coupling a movable armature with the valve needle. The
stop element is arranged between an armature body of
the armature and a flange of the armature. For enabling
a contact of the stopper with the flange, an armature
spring is provided between the armature body and the

10

15

20

25

30

35

40

45

50

55

stopper.

[0007] It is an object of the invention to specify a fuel
injection valve which has a particularly predictable and/or
precise injection behavior and/or a particularly simple
construction.

[0008] This objectis achieved by a fuel injection valve
for an internal combustion engine with the features of the
independent claim. Advantageous embodiments of the
invention are given in the sub-claims.

[0009] A fuel injection valve for an internal combustion
engine is specified. The fuel injection valve comprises a
housing having a central longitudinal valve axis and a
cavity with a fluid inlet portion and a fluid outlet portion.
It further comprises a valve needle which is axially mov-
able in the cavity.

[0010] The valve needleis operable to preventfuel flow
through the fluid outlet portion in a closing position of the
valve needle and to allow fuel flow through the fluid outlet
portion in opening positions of the valve needle. In par-
ticular, it is operable to prevent fuel flow through at least
one injection nozzle of the fuel injection valve in the clos-
ing position and to allow fuel flow through the atleastone
injection nozzle in the opening positions. In one embod-
iment, the housing comprises the injection nozzle(s). In
another embodiment, a needle tip of the valve needle
forms the - in particular only - injection nozzle together
with the fluid outlet portion. Expediently, the fuel injection
valve comprises a valve spring which is operable to bias
the valve needle towards the closing position.

[0011] The fuel injection valve comprises an electro-
magnetic actuator with a magnetic coil, an armature and
a pole element. The armature positioned in the cavity. It
is axially movable relative to the housing and to the valve
needle. The armature has a recess.

[0012] The valve needle comprises a stopper element.
The stopper element is positioned in the recess of the
armature. In one embodiment, the stopper element is
disc-shaped or comprises a disc-shaped portion. The
stopper element preferably extends circumferentially
around a shaft of the valve needle. It may be fixed to the
shaft or in one piece with the shaft. In one embodiment,
the valve needle has a seat element at its axial end facing
towards the fluid outlet portion and a spring seat at the
opposite axial end. The valve spring may expediently
bears on the spring seat. The stopper element is ar-
ranged at an axial position between the seat element and
the spring seat and axially spaced apart from the seat
element and the spring seat.

[0013] The stopper element and the recess are con-
figured such that a movement of the valve needle can be
actuated by the electromagnetic actuator. More specifi-
cally, the stopper element and the recess are configured
such that the stopper element is operable to engage into
a form-fit connection with the armature for initiating a
movement of the valve needle and to engage in a further
form-fit connection with the armature for limiting a move-
ment of the valve needle relative to the armature. In other
words, the armature extends around the stopper in such
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fashion that an axial movement of the armature towards
the pole element is transferable to the valve needle by
the form-fit connection with the stopper element and an
axial displacement of the valve needle relative to the ar-
mature in axial direction away from the closing position
is limited by the further form-fit connection.

[0014] With advantage, the dynamics of the movement
of the valve needle may be improved. Because of the
movable embedding of the stopper element, the arma-
ture may be used for initiating the movement of the valve
needle on the one hand. On the other hand the armature
may be used for limiting the movement of the valve nee-
dle relative to the armature so that the overshoot may be
reduced only by embedding the stopper element in the
armature.

[0015] For manufacturing in a simple manner, the ar-
mature has a first armature body and a second armature
body wherein the first armature body and the second
armature body are fixed to each other and are shaped
to form the recess between the first armature body and
the second armature body. The armature bodies are fix-
edly coupled, for example by welding. In one embodi-
ment, the recess in which the stopper elementis received
is provided in one of the first and second armature bodies.
This enables an easy way of manufacturing the embed-
ded stopper element in the armature.

[0016] Inone embodiment, the recessis manufactured
by milling in one of the armature bodies. The recess has
to be manufactured on a side of the armature body which
faces the other armature body so that the recess may be
closed by the other armature body. The stopper element
may solely move between the first armature body and
the second armature body in the recess. So the possible
needle overshoot may be particularly small. Also, due to
the possibility of a precise dimensioning of the recess,
the stopper element may axially move without getting
stuck.

[0017] In an advantageous embodiment, the form-fit
connection for initiating the movement of the valve needle
is established between a second surface of the armature
facing towards the pole element and a fourth surface of
the stopper element facing away from the pole element,
and the further form-fit connection for limiting the move-
ment of the valve needle relative to the armature is es-
tablished between a first surface of the armature facing
away from the pole element and a third surface of the
stopper element facing towards the pole element. To put
it differently, the movement of the armature towards the
pole element is transferred to the valve needle via the
form-fit connection which is established between the ar-
mature and the stopper element at a side of the stopper
element facing away from the pole element. The dis-
placement of the valve needle relative to the armature is
limited via the further form-fit connection which is estab-
lished between the armature and the stopper element at
a side of the stopper element facing towards the pole
element.

[0018] Inafurther advantageous embodiment the sec-
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ond surface and the fourth surface are planar. The ad-
vantage of such planar surfaces which contact each other
for moving the valve needle is that a contact area of the
surfaces may be enhanced. Therefore a pressure result-
ing from a weight of the valve needle may be distributed
over the enhanced contact area and causes less wear.
Preferably, the contact area of the second and fourth
surfaces is at least 25 %, preferable at least 50 % of the
area content enclosed by an outer contour of the stopper
element in top view along the longitudinal axis. In this
way, a satisfactory hydraulic damping of the movement
of the valve needle relative to the armature is achievable
when the displacement of the latter stops - e.g. in contact
with the pole element - and the form-fit connection is re-
leased. A particularly good dynamic behaviour of the
valve needle is achievable in this way. In particular, the
impact of the valve needle on the armature when engag-
ing into the further form-fit connection may be particularly
soft.

[0019] In another further advantageous embodiment
the first surface and the third surface are planar. There-
fore a pressure between the armature and the stopper
element is reduced due to the enhanced contact area
between the stopper and the armature during the closing
phase of the injection process. Preferably, the contact
area of the first and third surfaces is at least 25 %, pref-
erable at least 50 % of the area content enclosed by the
outer contour of the stopper element in top view along
the longitudinal axis. An advantageously large hydraulic
damping is achievable in this way, for example leading
to a particularly soft impact of the valve needle on the
armature when the valve spring presses the valve needle
into the form-fit engagement with the armature at the end
of the needle overshoot.

[0020] In another preferred embodiment, the form-fit
connection for initiating the movement of the valve needle
is established between a contact surface of the armature
facing towards the pole element and a contact surface
of the stopper element facing away from the pole ele-
ment. Said contact surfaces are in particular the above-
mentioned second and fourth surfaces. The contact area
of the contact surfaces has a surface roughness R, which
is equal to or less than 1.2um. Because of this surface
roughness the hydraulic sticking between the contact
surfaces may be particularly large.

[0021] When the armature reaches the stop element
which is fixed to the housing or in one piece with the
housing at the end of the opening transient, the maximum
lift of the valve needle - apart from the overshoot - is
achieved. The stop element is in particular the pole ele-
ment or a further part of the fuel injection valve which is
positionally fix with respect to the pole element. Due to
the hit of the armature against the stop element, the valve
needle, resp. the stopper element and the armature may
decouple so that the valve needle travels between the
first surface and the second surface. Due to the sticking
between the contact surfaces, the travel may be reduced
and/or delayed and/or damped or the stopper element
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will not decouple of the armature so the overshoot at all.
In particular, an increased adhesion area - in particular
on a microscopic scale - is achieved by reducing the sur-
face roughness. Due to the increased adhesion area, the
overshoot may be particularly small or even avoided.
[0022] In a further preferred embodiment the stopper
element comprises or consists of a magnetizable mate-
rial, preferably a ferromagnetic material, which is in par-
ticular not a permanent magnetic material. While con-
ventional fuel injection valve usually use non-magnetic
steel grades for the valve needle parts, the magnetization
of the magnetic stopper element and the magnetic arma-
ture causes an attractive magnetic force between the
stopper element and the armature which reinforces the
form-fit connection or the further form-fit connection, re-
spectively, between the stopper element and the arma-
ture. The connection can only be released against said
attractive magnetic force which leads to a damping of the
needle movement relative to the armature or to a com-
plete avoidance of the overshoot.

[0023] A martensitic material is preferred for the stop-
per element due to its hardness and strength. Hardness
is needed because of the hit after decoupling. In an ad-
vantageous embodiment the stopper element is made
out of a magnetic steel. In one embodiment, the stopper
element comprises or consists of stainless steel having
the steel grade AISI 440C.

[0024] Further advantages, features and details of the
invention may be derived from the following description
of preferred exemplary embodiments as well as from the
drawings. The features and feature combinations as pre-
viously mentioned in the description as well as the fea-
tures and feature combinations which will be mentioned
in the following description of the figures and/or which
are solely illustrated in the figures are not only applicable
in the respective indicated combination but also in other
combinations or isolated, without departing from the
scope of the invention. For the sake of clarity, only those
features are identified by reference numerals in the fig-
ures, which are useful for the corresponding description
of the figures. Thus, the items need not be identified by
their reference numerals throughout all figures, without
losing their assignments.

[0025] In the figures:

Figure 1 is a longitudinal sectional view of a fuel in-
jection valve according to an exemplary embodiment
of the invention,

Figure 2 is a longitudinal sectional view of a cut-out
of the fuel injection valve of Figure 1, with an arma-
ture-needle assembly of the fuel injection valve in a
first position,

Figure 3 is a longitudinal sectional view of a cut-out
of the fuel injection valve of Figure 1, with the arma-
ture-needle assembly in a second position,
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Figure 4 is a longitudinal sectional view of a cut-out
of the fuel injection valve of Figure 1, with the arma-
ture-needle assembly in a third position,

Figure 5 is a longitudinal sectional view of a cut-out
of the fuel injection valve of Figure 1, with the arma-
ture-needle assembly in a fourth position, and

Figure 6 is a fuel-time-diagram of a fuel injection
curve of a fuel injection valve.

[0026] Figure 1 shows an exemplary embodiment of a
fuel injection valve 1 according to the invention. The fuel
injection valve 1 may be used as a fuel injection valve
for an internal combustion engine, in particular for dosing
fuel directly into a combustion chamber of the engine.
The fuel injection valve 1 according to the present em-
bodiment s of the inward opening type. Alternatively, the
injection valve 1 may be of the outward opening type.
[0027] The fuel injection valve 1 comprises a housing
2 having a longitudinal valve axis 6. The housing 2 has
acavity 8 which hydraulically connects a fluid inlet portion
10 to a fluid outlet portion 12 of the fuel injection valve 1.
A valve needle 4 is movably arranged in the cavity 8 of
the housing 2.

[0028] The cavity 8 extends axially trough the housing
2 from the fluid inlet portion 10 to the fluid outlet portion
12. The fluid inlet portion 10is configured for hydraulically
coupling the fuel injection valve 1 to a fuel rail in which
the fuel is stored under high pressure. For creating a seal
between the fuel injection valve 1 and the fuel rail, a seal-
ing element 48 is provided in the area of the fluid inlet
portion 10, the sealing element 48 embracing the housing
2. At the fluid outlet end 12, the fuel injection valve 1 has
an injection nozzle, in the following also denoted as noz-
zle orifice 13. Fuel coming from the fuel rail into the fluid
inlet portion 10 may flow through the cavity 8 and leave
the fuel injection valve 1 through the nozzle orifice 13 at
the fuel outlet portion 12. A flow of the fluid through the
fuelinjection valve 1 is indicated by a dotted line in Fig. 1.
[0029] The nozzle orifice 13 may be opened and closed
by the valve needle 4. In Fig. 1, the valve needle 4 has
a generally cylindrical shape and is not hollow. The valve
needle 4 is axially displaceable relative to the housing 2
for closing and opening the nozzle orifice 13 of the hous-
ing 2 by means of its needle tip 14. More specifically, the
needle tip 14 is operable to interact with a valve seat of
the housing 2 for preventing fuel flow through the orifice
13 in a closing position. The needle 4 is displaceable
away from the closing position to establish agap between
the valve seat and the needle tip 14 so that fuel flow
through the orifice 13 is enabled in opening positions of
the valve needle. The needle 4 may comprise a sealing
element such as a ball which represents the needle tip
14 and interacts with the valve seat.

[0030] A valve spring 18 is arranged in the cavity 8 and
preloaded so that it is operable to bias the valve needle
4 towards the closing position. A calibration tube 16 is
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positioned at the end of the valve spring 18 which is re-
mote from the valve needle 4 to preload the valve spring
18. The calibration tube 16 is coupled to the housing 2
by means of a friction-fit connection so that is positionally
fix relative to the housing 2 during operation of the fuel
injection valve 1 and axially displaceable relative to the
housing 1 during manufacturing of the fuel injection valve
1 for calibrating the preload of the valve spring 18.
[0031] Coming through the fluid inlet portion 10 into
the housing 2, the fuel flows through the calibration tube
16. The calibration tube 16 may have a filter for filtering
the fuel. After passing the calibration tube 16, the fuel
flows through the valve spring 18 which is positioned
downstream of the calibration tube 16 in the housing 2.
[0032] The fuel injection valve 1 comprises an electro-
magnetic actuator assembly for moving the valve needle
4 away from the closing position against the bias of the
valve spring 18. The electromagnetic actuator assembly
comprises a magnetic coil 22, a pole element 24 and a
movable armature 20. The coil is operable to generate a
magnetic field for moving the armature 20 in axial direc-
tion towards the pole element 24 relative to the housing
2 until it hits a stop element placed in the housing 2 and
fixed thereto. In the present embodiment, the stop ele-
ment is represented by the pole element 24. In the
present embodiment, the armature 20 is movably ar-
ranged downstream of the valve spring 18 in the housing
2. The armature 20 is made of a metallic material.
[0033] The valve needle 4 is axially completely pene-
trating the armature 20, in particular it projects axially
from the armature 20 in direction towards the fluid inlet
portion 10 and towards the fluid outlet portion 12. The
armature 20 is axially displaceable relative to the valve
needle 4. This is achieved by a needle channel 26 which
is axially penetrating the armature 20 and in which the
valve needle 4 is received.

[0034] The valve needle 4 has a spring seat element
28 which is positioned at the end of the valve needle 4
remote from the needle tip 14 in the present embodiment.
The spring seat element 28 is placed between the valve
spring 18 and the armature 20. Itcontacts the valve spring
18 which is biasing the valve needle 4 against the nozzle
orifice 13, in particular at the side of the valve spring 18
remote from the calibration tube.

[0035] The armature 20 comprises or consists of a first
armature body 30 and a second armature body 32 which
are fixedly coupled with each other. In the present em-
bodiment, the first armature body 30 is positioned down-
stream of the spring seat element 28. Channels 34 are
axially and completely penetrating the first armature body
30.

[0036] The second armature body 32 has a recess 36
having a disc-shaped form and being positioned vis-a-
vis of the first armature body 30. The recess 36 is not
completely penetrating the second armature body 32 so
that it has a bottom surface 42 remote from the first ar-
mature body 30. The recess 36 may be regarded as a
widened portion of the armature channel 26. A portion of
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the armature channel 26 extends from the bottom surface
42 in axial direction away from the first armature body
30. A further portion of the armature channel 26, the fur-
ther portion being comprised by the first armature body
32, opens into the recess 36.

[0037] The valve needle 4 which is movably received
in the needle channel 26 has a disc-shaped stopper el-
ement 38. The stopper element is fixed to a shaft of the
valve needle 4 and extends circumferentially around the
shaft. The stopper element 38 is positioned in the recess
36. The axial dimension of the stopper element 38 is
smaller than the axial dimension of the recess 36 so that
the stopper element 38 is axially displaceable relative to
the armature 20 in the recess 36.

[0038] The needle channel 26 may be generally cylin-
drically formed and may be a bore. The recess 36 has a
larger diameter than the portions of the needle channel
26 upstream and downstream of the recess 36. The stop-
per element 38 has a larger diameter than the shaft of
the valve needle 4. It may protrude radially beyond the
portions of the needle channel 26 which are arranged
upstream and downstream of the recess 36 so that it
overlaps the bottom surface 42 of the recess 36 and a
cover surface 40 of the first armature body 30 which de-
limits the recess at the axial end opposite of the bottom
surface 42. Therefore axial displacement of the valve
needle 4 is limited by means of mechanical interaction
between the stopper element 38 and the armature 20.
[0039] A side of the stopper element 38 which faces
towards the pole element 24 may hit a first surface - the
cover surface 40 - of the first armature body 30 when the
stopper element 38 moves relative to the recess 36. A
side of the stopper element 38 which faces away from
the pole element 24 may hita second surface - the bottom
surface 42 of the recess 36 - of the second armature
body 32. This means that the first surface (cover surface
40) may come into contact with a third surface of the
stopper element 38, the third surface being positioned
opposite to the first surface. The third surface is also de-
noted as stop surface 44 in the following. Analogously,
the second surface (bottom surface 42) may come into
contact with a fourth surface 46 of the stopper element
38, the fourth surface being positioned opposite to the
second surface. The fourth surface is also denoted as
drive surface 46 in the following

[0040] The spring seat element 28 is configured for
guiding the needle. The armature 20 interacts with the
stopper element 38 during an injection process to dis-
place the valve needle 4 away from the closing position.
[0041] More specifically, a first form-fit connection be-
tween the armature 20 and the stopper element 38 initi-
ates the moving of the valve needle 4. The first form-fit
connection is established by the contact of the second
surface (bottom surface 42) and the fourth surface (drive
surface 46). The drive surface 46 is the surface of the
stopper element 38 facing away from the pole element
24. When the armature 20 is moved towards the pole
element 24, it takes the valve needle 4 with it by means
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of the first form-fit connection.

[0042] A furtherform-fit connection, i.e. a second form-
fit connection, can be established between the first sur-
face (coversurface 40) and the third surface (stop surface
44) to limit a movement of the valve needle 4 relatively
to the armature 20 at the end of the opening transient of
the valve needle 4. The stop surface 44 is the surface of
the stopper element 38 facing the pole element 24.
[0043] Figures 2 to 5 show exemplarily different posi-
tions of the armature 20 and of the valve needle 4, to-
gether being denoted as armature-needle assembly in
the following, during the opening transient of the fuel in-
jection valve 1.

[0044] Figure 2 shows the armature-needle assembly
in afirst position when the magnetic coil 22 is deactivated
and the nozzle orifice 13 is closed by the needle tip 14
of the valve needle 4. The stopper element 38 contacts
the first armature body 30 so that the cover surface 40
and the stop surface 44 contact each other. Between the
armature 20 and the stop element 24, an axial distance
L1 is established.

[0045] When the magnetic coil 22 is activated, the ar-
mature 20 moves into the direction towards the pole el-
ement 24 relative to the housing 2. The valve spring 18
presses the valve needle 4 towards the closing position
so that the cover surface 40 of the first armature part 30
disengages from the stop surface 44 of the stopper ele-
ment 38 and the armature 20 also moves relative to the
valve needle until it hits the drive surface 46 of the stopper
element 38 with the bottom surface 42 of the recess 36
in the second armature part 32.

[0046] This corresponds to a second position of the
armature-needle assembly, shownin Figure 3. Inthe sec-
ond position, the nozzle orifice 13 is still closed by the
needle tip 14. Starting from the second position, the axial
movement of the armature 20 is transferred to the valve
needle 4. The movement of the armature 20 is transferred
to the valve needle 4 by the form-fit between the bottom
surface 42 and the drive surface 46. From the second
position, the armature 20 and the valve needle 4 move
togethertowards the pole element 24 due to the magnetic
field. Now the nozzle orifice 13 is open due to the moving
of the valve needle.

[0047] The common travel of the armature 20 and the
valve needle 4 continues until the armature 20 hits the
pole element 24 as may be seen in Figure 4. The hit of
the armature 20 against the stop element 24 initiates a
decoupling of the stopper element 38 and the second
armature body 32 so that the form-fit connection between
the bottom surface 42 and the drive surface 46 isreleased
because the armature 20 comes to a rest in contact with
the pole element 24 while the valve needle 4 continues
its movement due to its inertia. The valve needle 4 can
continue its movement for a second small lift L2 until the
stop surface 44 of the stopper element 38 reaches the
first surface 40 to establish the further form-fit connection.
This corresponds to a fourth position of the armature-
needle assembly shown in Fig. 5.
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[0048] The decoupling of the stopper element 38 from
the bottom surface 42 of the second armature body 32
and its further travel is a so called overshoot. The result
of this overshoot is shown in Figure 6 for a conventional
fuel injection valve in a fuel-time diagram of an injection.
[0049] The fuel-time diagram as seen in Figure 6 just
shows the fuel mass Q in dependence of the time Ti,
respectively the pre-described positions of the armature
20 and the valve needle 4 of a conventional fuel injection
valve 1. The dotted curve just shows an ideal fuel mass
injection over the time. A real injected fuel mass over the
time Ti is shown by the solid curve. The valve needle 4
hits the armature 20 at the end of the overshoot. This
may accelerate the closing transient, for example due to
faster detachment of the armature from the pole element.
Therefore the nozzle orifice 13 is closed earlier than ex-
pected and the injected mass Q will be lower than de-
sired.

[0050] For reducing the overshoot, in the present em-
bodiment

- the second lift L2 is set particularly small,

- the bottom surface 42 and the drive surface 46 may
be dimensioned in that way, that their contact area
is as large as possible,

- theroughness of the bottom surface 42 and the drive
surface 46 is particularly small, and

- both, the armature 20 and the stopper element 38
are made from magnetic steel. The large contact ar-
ea and the small surface roughness of the bottom
surface 42 and the drive surface 46 may in particular
lead to particular large hydraulic sticking and/or to
particular large adhesion between the surfaces. The
movement of the stopper element 38 away from the
bottom surface 42 of the recess 36 may be highly
damped in this way. A particularly good result is
achieved by a roughness value R, which is less than
1.2pum. This roughness value R, may be reached
for example by polishing or lapping.

[0051] The movement of the stopper element 38 away
from the bottom surface 42 of the recess 36 may be fur-
ther damped magnetically. The stopper element 38 is
made of a magnetic steel which loses its magnetism after
deactivating the magnetic coil 22. The material may be
for example AlISI 440C, a martensitic steel. This material
has preferred magnetic characteristics and a large fa-
tigue strength. The martensitic steel is more preferable
than a ferritic steel because of its hardness and strength.

Claims

1. Fuel injection valve for an internal combustion en-
gine, comprising

- a housing (2) comprising a central longitudinal
valve axis (6) and having a cavity (8) with a fluid
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inlet portion (10) and a fluid outlet portion (12),
- an electromagnetic actuator with a magnetic
coil (22), an armature (20) and a pole element
(24),

- avalve needle (4) being movably positioned in
the cavity (8), and having a needle tip (14) which
is operable to prevent fuel flow through the fluid
outlet portion (12) in a closing position of the
valve needle (4) and to allow fuel flow through
the fluid outlet portion (12) in opening positions
of the valve needle (4), wherein

- the armature (20) is positioned in the cavity (8),
is axially movable relative to the housing (2) and
to the valve needle (4) and has a recess (36),
- the valve needle (4) comprises a stopper ele-
ment (38),

- the stopper element (38) is positioned in the
recess (36) of the armature (20),

- and the stopper element (38) and the recess
(36) are configured such that the stopper ele-
ment (38) is operable to engage into a form-fit
connection with the armature (20) for initiating
a movement of the valve needle (4) and to en-
gage in a further form-fit connection with the ar-
mature (20) for limiting a movement of the valve
needle (4) relative to the armature (20).

The fuel injection valve according to claim 1,
characterizedinthat

the form-fit connection for initiating the movement of
the valve needle (4) is established between a second
surface (42) of the armature (20) facing towards the
pole element (24) and a fourth surface (44) of the
stopper element (38) facing away from the pole el-
ement (24), and the form-fit connection for limiting
the movement of the valve needle (4) relative to the
armature (20) is established between a first surface
(40) of the armature (20) facing away from the pole
element (24) and a third surface (44) of the stopper
element (38) facing towards the pole element (24).

The fuel injection valve according to claim 2
characterized in that

the second surface (42) and the fourth surface (46)
are planar.

The fuel injection valve according to claim 2 or 3,
characterizedinthat

the first surface (42) and the third surface (46) are
planar.

The fuel injection valve according to one of the pre-
ceding claims,

characterizedinthat

the valve needle (4) extends axially through the ar-
mature (20).

The fuel injection valve according to claim 1 or 2,
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10.

characterizedinthat

the armature (20) has a first armature body (30) and
a second armature body (32) wherein the first arma-
ture body (30) and the second armature body (32)
are fixed to each other and shaped in such fashion
to form the recess (36) between the first armature
body (30) and the second armature body (32).

The fuel injection valve according to one of the pre-
ceding claims,

characterized in that

the form-fit connection for initiating the movement of
the valve needle (4) is established between a second
surface (42) of the armature (20) facing towards the
pole element (24) and a fourth surface (44) of the
stopper element (38) facing away from the pole el-
ement (24), wherein a contact area between the sec-
ond surface (42) and the fourth surface (44) has a
surface roughness R, of 1.2um or less.

The fuel injection valve according to one of the pre-
ceding claims,

characterized in that

the stopper element (38) comprises or consists of a
magnetizable material whichis in particular nota per-
manent magnetic material.

The fuel injection valve according to claim 8,
characterized in that

the stopper element (38) is made out of a magnetic
steel such as AISI 440C.

The fuel injection valve according to one of the pre-
ceding claims,

characterized in that

the stopper element (38) is disc-shaped or compris-
es a disc-shaped portion and extends circumferen-
tially around a shaft of the valve needle.
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