EP 2 365 205 A1

(1 9) Européisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 2 365 205 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: (51) IntCl.

14.09.2011 Bulletin 2011/37
(21) Application number: 10002172.4

(22) Date of filing: 03.03.2010

FO2M 51/06 (2006.01)

(84) Designated Contracting States:
ATBEBG CHCY CZDE DKEE ES FIFR GB GR
HRHUIEISITLILT LULV MC MK MT NL NO PL

(71) Applicant: Continental Automotive GmbH

30165 Hannover (DE)

PT RO SE SI SK SM TR (72) Inventor: Izzo, Ivano

Designated Extension States:
AL BA ME RS

56124 Pisa (IT)

(54) Injection valve

(57) Injection valve (62) comprising an injector body
(38) with a central longitudinal axis (L) and a first cavity
(7). The injection valve (62) also comprises a valve body
(4), a valve needle (10), an armature (12) and an actua-
tion unit (4). The valve body (4) comprises a second cav-
ity (8). The valve needle (10) is axially movable in the
second cavity (8) and comprises a first radial surface
(30). The armature (12) is decoupled from the valve nee-
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dle (10) and is axially movable at least partially within the
first cavity (7) and comprises a radial armature surface
(32). The first radial surface (30) and the radial armature
surface (32) are facing each other and feature a contact
area (50) of a predetermined size if the valve needle (10)
is in a predetermined axial position. The actuator unit
(40) is operable to magnetically actuate the armature (12)
to move axially.
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Description

[0001] The invention relates to an injection valve.
[0002] Injection valves are in widespread use, in par-
ticular for internal combustion engines where they may
be arranged in order to dose fluid into an intake manifold
of the internal combustion engine or directly into the com-
bustion chamber of a cylinder of the internal combustion
engine. Injection valves may accommodate an actuator
for actuating a needle of the injection valve, which may,
for example, be an electromagnetic actuator.

[0003] The object of the invention is to create an injec-
tion valve which permits fast actuations.

[0004] These objects are achieved by the features of
the independent claim. Advantageous embodiments of
the invention are given in the sub-claims.

[0005] The invention is distinguished by an injection
valve comprising an injector body with a central longitu-
dinal axis and a first cavity. The injector valve also com-
prises a valve body, a valve needle, an armature and an
actuation unit. The valve body is fixedly coupled with the
injector body and comprises a second cavity. The valve
needle is axially movable in the second cavity and com-
prises a first radial surface and prevents a fluid injection
in a closing position and permits the fluid injection in fur-
ther positions. The armature is mechanically decoupled
from the valve needle and is axially movable at least par-
tially within the first cavity. The armature comprises a
radial armature surface. The first radial surface and the
radial armature surface are facing each other and contact
each other on a contact area of a predetermined size if
the valve needle is in a predetermined axial position. The
actuator unit is operable to magnetically actuate the ar-
mature to move axially.

[0006] The mechanically decoupling of the armature
from the valve needle means that both components are
not fixedly coupled to each other. This contributes to re-
ducing a mass inertia that the armature exerts against a
magnetic force resulting from the actuation of the actu-
ation unit. This allows to accordingly reducing a transition
time between the closing and further positions of the
valve needle. Furthermore, this has the advantage that
the injection valve contributes to performing multiple in-
jections of the fluid per time unit, in particular per opera-
tion cycle of a combustion engine, also at high rotational
speed.

[0007] The first radial surface of the valve needle and
the radial armature surface are preferably perpendicu-
larly aligned to the longitudinal axis and both surfaces
overlap. At least in the closing position the both overlap-
ping surfaces are in contact to each other and feature
the contact area of the predetermined size. The contact
between both surfaces may also comprise a fluid layer.
[0008] If for example the actuation unit is energized, a
magnetic force is acting on the armature. By this, the
armature axially moves away from the closing position
with a predetermined velocity. If the velocity is high
enough, the axial movement of the armature results in
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suction force acting on the valve needle. Due to the suc-
tion force, the valve needle axially moves away from the
closing position.

[0009] The size of the contact area is typically depend-
ent from the velocity of the armature. That means, the
higher the size of the contact area between the firstradial
surface and the radial armature surface, the lower the
required velocity to establish the suction force.

[0010] Another advantage of such injection valve is a
reduction of mechanical shocks (bouncing) involving the
moveable parts due to mechanical damping resulting
from hydraulic mediation of contact forces.

[0011] In an advantageous embodiment of the inven-
tion, the first radial surface and the radial armature sur-
face contact each otherif the valve needleis in the closing
position. By this, the armature contributes to pushing the
valve needle on a valve needle seat to reliably prevent
the fluid injection.

[0012] In a further advantageous embodiment of the
invention, the valve body comprises a fluid outlet portion
which is closed to prevent the fluid injection or which is
opened to permit the fluid injection dependent on an axial
position of the valve needle. The fluid outlet portion is
operable to be filled with fluid. The valve needle compris-
es a second radial surface being axially positioned in the
fluid outlet portion in such a way that a predetermined
hydraulic force acts on the second radial surface in a
direction away from the closing position. This supports
the axial movement of the valve needle away from the
closing position.

[0013] In a further advantageous embodiment of the
invention, the valve needle comprises a recess featuring
a hydraulical conduit to fill the fluid outlet portion with
fluid. This has the advantage that the hydraulic conduit
reduces a mass of the valve needle. The mass of the
valve needle also has influence on the size of the contact
area. That means, the lower the mass of the valve needle,
the smaller the required size of the contact area to move
the valve needle axially.

[0014] In a further advantageous embodiment of the
invention, the valve needle comprises a first, a second
and a third hollow-cylindrical portion. The hollow-cylin-
drical portions are hydraulically coupled to each other.
The second hollow-cylindrical portion has a larger radial
diameter than the firstand third hollow-cylindrical portion.
The first hollow-cylindrical portion comprises a first orifice
which opens into a fluid inlet portion being operable to
provide fluid. The third hollow-cylindrical portion compris-
es a second orifice which opens into the fluid outlet por-
tion. An outer wall of a transition passage from the first
to the second hollow-cylindrical portion at least partially
represents the first radial surface of the valve needle. An
outer wall of a transition passage from the second to the
third hollow-cylindrical portion at least partially repre-
sents the second radial surface of the valve needle. Such
hollow space represents the hydraulic conduit. Further-
more, such valve needle contributes to reducing its mass
and by this contributes to reducing the required size of
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the contact area.

[0015] In a further advantageous embodiment of the
invention, the armature comprises an axial armature re-
cess which at least partially takes in the first hollow-cy-
lindrical portion of the valve needle. The first hollow-cy-
lindrical portion serves to guide the axial movement of
the armature. This guiding feature does not establish an
axial coupling of the armature and the valve needle.
[0016] In a further advantageous embodiment of the
invention, the first radial surface and the armature sur-
face are planar. This results in a high suction force acting
on the valve needle and contributes to reducing the size
of the contact area.

[0017] Exemplary embodiments of the invention are
explained in the following with the aid of schematic draw-
ings. These are as follows:

Fig. 1 a valve assembly,
Fig. 2a-2f  sections of an injection valve.
[0018] Elements of the same design and function that

appear in differentillustrations are identified by the same
reference character.

[0019] An injection valve 62 (Fig 2) may be used as a
fuel injection valve for a combustion chamber of an in-
ternal combustion engine and comprises a valve assem-
bly 60 and an actuator unit 40. The injection valve 62
comprises an injector body 38 with a first cavity 7 and a
central longitudinal axis L. The first cavity 7 may be hy-
draulically coupled with a fluid inlet portion being opera-
ble to provide fluid under high pressure, for example,
under the pressure of about 200 bar in the case of a
gasoline engine or of more than 2000 bar in the case of
a diesel engine. An armature 12 is arranged within the
first cavity 7 and is operable to axially move therein.
[0020] The valve assembly 60 comprises a valve body
4 with a second cavity 8 which is axially led through the
valve body 4. The valve body 4 is mechanically coupled
to the injector body 38. The valve assembly 60 further
comprises avalve needle 10 taken in by the second cavity
8. The valve needle 10 preferably comprises a sphere
54. On one of the free ends of the second cavity 8 of the
valve body 4 a fluid outlet portion 44 is formed which is
closed or opened depending on an axial position of the
valve needle 10. In a closing position of the valve needle
10, the sphere 54 rests sealingly on a valve needle seat
28 thereby preventing a fluid injection through at least
one injection nozzle in the valve body 4. The injection
nozzle may be for example an injection hole, but it may
also be of some other type suitable for dosing fluid. In
further positions of the valve needle 10, the sphere 54
does not rest on the valve needle seat 28 and permits
the fluid injection through the injection nozzle.

[0021] The valve needle 10 further comprises a first,
a second and a third hollow-cylindrical portion 10a, 10b,
10c. The second hollow-cylindrical portion 10b has alarg-
er radial diameter than the first and third hollow-cylindri-
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cal portion 10a, 10c. A first radial surface 30 of the valve
needle 10 is formed by an outer wall of a transition pas-
sage between the first and second hollow-cylindrical por-
tion 10a, 10b. A second radial surface 50 of the valve
needle 10 in the area of the fluid outlet portion 44 is
formed by an outer wall of a transition passage between
the second and third hollow-cylindrical portion 10b, 10c.
The hollow-cylindrical portions 10a, 10b, 10c are hydrau-
lically coupled to each other. The first hollow-cylindrical
portion 10a comprises a first orifice 46 and the third hol-
low-cylindrical portion 10c comprises a second orifice 48.
The first orifice 46 opens into a fluid inlet portion which
is operable to provide fluid under a predetermined hy-
draulical pressure, in particular high hydraulical pres-
sure, and the second orifice 48 opens into the fluid outlet
portion 44.

[0022] The armature 12 is not fixedly coupled to the
valve needle 10 and comprises an armature recess 34
which at least partially takes in the first hollow-cylindrical
portion 10a. By this, the first hollow-cylindrical portion
10a serves as an axial guiding element for the armature
12. The armature 12 further comprises a radial armature
surface 32 which faces the first radial surface 30 of the
valve needle 10.

[0023] A bias spring 20 is arranged inside the injector
body 38 and preferably rests on an adjusting tube 2 of
the injector body 38 which may be moved axially during
the manufacturing process of the injection valve 62 in
order to preload the bias spring 20 in a desired way. On
the other side, the bias spring 20 rests on the armature 12.
[0024] The injection valve 62 is provided with a drive,
which is preferably an electromagnetic drive, comprising
for example an actuation unit 40. The actuation unit 40,
the valve body 4 and the armature 12 may form an elec-
tromagnetic circuit.

[0025] If the valve needle 10 is in the closing position,
the first radial surface 30 is typically in contact to the
radial armature surface 32. The first radial surface 30
and the radial armature surface 32 are preferably planar
and contact each other in a contact area 56 of a prede-
termined size.

[0026] If the actuation unit 40 is energized, a resulting
electromagnetic force Fm acts on the armature 12. The
electromagnetic force Fm acts against a mechanical
force Fs obtained from the bias spring 20. By appropri-
ately energizing the actuation unit 40, the armature 12
may in that way be moved away from the closing position.
After a predetermined time the actuation unit 40 may be
de-energized again.

[0027] Fig. 2ato 2b show sections of the valve assem-
bly 60 while being energized and de-energized by the
actuation unit 40. As shown in Fig. 2a, the bias spring 20
exerts the mechanical force Fs onto the armature 12
which transfers it to the valve needle 10 by means of the
contact area 56. In addition, a hydraulic force Fh acts on
the sphere 54 to press it into the valve needle seat 28.
Both, the mechanical and hydraulical force Fs, Fh permits
the closing position of the valve needle 10.
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[0028] As soon as the actuation unit 40 is energized,
the armature 12 charges (Fig. 2b) and axially moves to-
wards an impact face 24 of the inlet tube of the injection
valve 62 by moving away from the first radial surface 30
of the valve needle 10 (Fig. 2c). That relative axial move-
ment between the armature 12 and the valve needle 10
results in a pressure reduction in the space occurring
between the radial armature surface 32 and thefirstradial
surface 30 (Fig. 2c). Due to the pressure reduction a suc-
tion force results acting on the valve needle 10 towards
an axial direction away from the closing position. In ad-
dition, the hydraulic force Fh acting on the second radial
surface 50 of the valve needle 10 in the fluid outlet portion
44 supports an axial movement of the valve needle 10
away from the closing position (Fig. 2c and 2d). In con-
clusion, the valve needle 10 and its sphere 54 axially
move away from the closing position and permit the fluid
injection through the injection nozzle.

[0029] The suction force acting on the valve needle 10
is dependent on the size of the overlapping area of the
first radial surface 30 and the radial armature surface 32
and on the velocity the armature 12 is axially moving
towards the impact face 24.

[0030] Due to the high hydraulic pressure in the first
cavity 7, the hydraulic pressure in the space between the
first radial surface 30 and the radial armature surface 32
increases (Fig. 2e). This makes the valve needle 10 ax-
ially move towards the valve needle seat 28. This typically
occurs independently from the current axial position of
the armature 12.

[0031] At the same time, the actuation unit 40 may be
de-energized. As soon as the mechanical force Fs over-
comes a hydraulic sticking force occurring between the
impact face 24 and the armature 12, the armature 12
begins to axially move towards the closing position (Fig.
2f).

[0032] The sphere 54 of the valve needle 10 may al-
ready restin the valve needle seat 28 when the armature
12 impacts the first radial surface 30 of the valve needle
10. Alternatively, the bias spring 20 may be selected in
such a way, that the armature 12 impacts the first radial
surface 30 of the valve needle 10 while the valve needle
10 axially moves towards the valve needle seat 28.

Claims
1. Injection valve (62), comprising

- an injector body (38) with a central longitudinal
axis (L) and a first cavity (7),

- a valve body (4) being fixedly coupled with the
injector body (38) and comprising a second cav-
ity (8),

- a valve needle (10) being axially movable in
the second cavity (8) and comprising afirstradial
surface (30) and preventing a fluid injection in a
closing position and permitting the fluid injection
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in further positions,

- an armature (12) being mechanically decou-
pled from the valve needle (10) and being axially
movable at least partially within the first cavity
(7) and comprising a radial armature surface
(32), whereas the first radial surface (30) and
the radial armature surface (32) are facing each
other and contact each other on a contact area
(50) of a predetermined size if the valve needle
(10) is in a predetermined axial position,

- an actuator unit (40) being operable to mag-
netically actuate the armature (12) to move ax-
ially.

Injection valve (62) according to claim 1, whereas
the first radial surface (30) and the radial armature
surface (32) contact each other if the valve needle
(10) is in the closing position.

Injection valve (62) according to claim 1 or 2, where-
as the valve body (4) comprises a fluid outlet portion
(44) which is closed to prevent the fluid injection or
which opened to permit the fluid injection dependent
on an axial position of the valve needle 10 and which
is operable to be filled with fluid, whereas the valve
needle (10) comprises a second radial surface (50)
being axially positioned in the fluid outlet portion (44)
in such a way that a predetermined hydraulic force
(Fh) acts on the second radial surface (50) in a di-
rection away from the closing position.

Injection valve (62) according to one of the preceding
claims, whereas the valve needle (10) comprises a
recess featuring a hydraulical conduit to hydraulical-
ly couple a fluid inlet portion with the fluid outlet por-
tion (44), whereas the fluid inlet portion is operable
to provide fluid under a predetermined hydraulical
pressure.

Injection valve (62) according to one of the preceding
claims, whereas

- the valve needle (10) comprises a first hollow-
cylindrical portion (10a), a second hollow-cylin-
drical portion (10b) and a third hollow-cylindrical
portion (10c),

- the hollow-cylindrical portions (10a, 10b, 10c)
are hydraulically coupled to each other,

- the second hollow-cylindrical portion (10b) has
a larger radial diameter than the first and third
hollow-cylindrical portion (10a, 10c),

- the first hollow-cylindrical portion (10a) com-
prises a first orifice (46) which opens into the
fluid inlet portion and the third hollow-cylindrical
portion (10c) comprises a second orifice (48)
which opens into the fluid outlet portion (44),

- an outer wall of a transition passage from the
first to the second hollow-cylindrical portion



7 EP 2 365 205 A1
(10a, 10b) at least partially represents the first
radial surface (30) of the valve needle (10),
- an outer wall of a transition passage from the
second to the third hollow-cylindrical portion
(10b, 10c) at least partially represents the sec- 5
ond radial surface (50) of the valve needle (10).
Injection valve (62) according to one of the preceding
claims, whereas the armature (12) comprises an ax-
ial armature recess (34) which at least partially takes 70
in the first hollow-cylindrical portion (10a) of the valve
needle (10).
Injection valve (62) according to one of the preceding

claims, whereas the first radial surface (30) and the 75
armature surface (32) are planar.
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