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(54) Method for determining a set of a valve needle and a valve seat assembly of an injection valve

(57) The method is carried out with a valve assembly
shell (56) comprising a valve body (4) with a cavity (8)
having a fluid inlet portion (42) and a fluid outlet portion
(44), and a valve seat assembly (32) with a seat plate
(26) and a guiding element (28) for guiding the valve nee-
dle (10). The valve needle (10) is axially movable in the
cavity (24), the valve needle (10) prevents a fluid flow
through the fluid outlet portion (44) in a closing position
and releases the fluid flow through the fluid outlet portion
(44) in further positions, and the valve needle (10) and
the valve seat assembly (32) are designed to enable a
fluid flow between the fluid inlet portion (42) and the fluid
outlet portion (44) following a first flow path (66) through
a gap (74) between the valve needle (10) and the guiding
element (28) and a second flow path (68) through the
valve seat assembly (32).
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Description

[0001] The invention relates to a method for determin-
ing the capability of a valve needle and a valve seat as-
sembly to control a desired flow rate in an injection valve,
and a method for determining a set of a valve needle and
a valve seat assembly of an injection valve to obtain a
desired flow rate of the 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 piezo electric 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 method
for determining the capability of a valve needle and a
valve seat assembly to control a desired flow rate in an
injection valve, and a method for determining a set of a
valve needle and a valve seat assembly of an injection
valve to obtain a desired flow rate of the injection valve
which facilitates to obtain a reliable and precise function
of the injection valve.
[0006] These objects are achieved by the features of
the independent claims.
[0007] According to a first aspect the invention is dis-
tinguished by a method for determining the capability of
a valve needle to control a desired flow rate in an injection
valve, the method being carried out with a valve assembly
shell comprising a valve body including a central longi-
tudinal axis, the valve body comprising a cavity with a
fluid inlet portion and a fluid outlet portion, and a valve
seat assembly with a seat plate and a guiding element
for guiding the valve needle, the valve needle being ax-
ially movable in the cavity, the valve needle preventing
a fluid flow through the fluid outlet portion in a closing
position and releasing the fluid flow through the fluid out-
let portion in further positions, and the valve needle and
the valve seat assembly being designed to enable a fluid
flow between the fluid inlet portion and the fluid outlet
portion following a first flow path through a gap between
the valve needle and the guiding element of the valve

seat assembly and a second flow path through the valve
seat assembly. The method comprises the following
steps:

inserting the valve needle into the cavity of the valve
body of the valve assembly shell, coupling the valve
assembly shell with a fluid supply, operating the
valve needle under a given set of operating condi-
tions, thereby releasing the fluid flow through the fluid
outlet portion, preventing a fluid flow through the sec-
ond flow path and enabling a fluid flow through the
first flow path, measuring the fluid flow through the
fluid outlet portion under the given set of operating
conditions, and removing the valve needle from the
cavity of the valve body of the valve assembly shell.

[0008] This has he advantage, that a reliable selection
of suitable valve needles for injection valves is possible.
The selection of the valve needles for the injection valves
is based on a functional test method and a decision based
on a geometrical selection of the valve needles can be
avoided. Consequently, the number of rejected valve
needles can be kept small. Thus, low costs for the injec-
tion valve and a small risk of a failure of the injection valve
can be obtained. Finally, the valve needles can be as-
signed to flow rate classes according to the determined
flow rates.
[0009] According to a second aspect the invention is
distinguished by a method for determining the capability
of a valve seat assembly to control a desired flow rate in
an injection valve, the method being carried out with a
valve sub-assembly comprising a valve body including a
central longitudinal axis, the valve body comprising a cav-
ity with a fluid inlet portion and a fluid outlet portion, and
a valve needle being axially movable in the cavity, the
valve needle preventing a fluid flow through the fluid out-
let portion in a closing position and releasing the fluid
flow through the fluid outlet portion in further positions,
the valve seat assembly comprising a seat plate, a guid-
ing element for guiding the valve needle and a fluid flow
directing element, and the valve needle and the valve
seat assembly being designed to enable a fluid flow be-
tween the fluid inlet portion and the fluid outlet portion
following a first flow path between the valve needle and
the valve seat assembly and a second flow path through
the valve seat assembly. The method comprises the fol-
lowing steps: coupling the valve seat assembly with the
valve sub-assembly, coupling the valve sub-assembly
with a fluid supply, operating the valve needle under a
given set of operating conditions, thereby releasing the
fluid flow through the fluid outlet portion, preventing a
fluid flow through the first flow path and enabling a fluid
flow through the second flow path, and measuring the
fluid flow through the fluid outlet portion under a given
set of operating conditions, and removing the valve seat
assembly from the valve sub-assembly.
[0010] This has the advantage, that a reliable selection
of suitable valve seat assemblies with seat plate, guiding
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element and fluid flow directing element for injection
valves is possible. The selection of the valve seat as-
semblies for the injection valves is based on a functional
test method and a decision based on a geometrical se-
lection of the seat plate, the guiding element and the fluid
flow directing element can be avoided. Consequently,
the number of rejected valve seat assemblies can be kept
small. Thus, low costs for the injection valve and a small
risk of a failure of the injection valve can be obtained.
Finally, the valve seat assemblies can be assigned to
flow rate classes according to the determined flow rates.
[0011] According to a third aspect the invention is dis-
tinguished by a method for determining a set of a valve
needle and a valve seat assembly of an injection valve
to obtain a desired flow rate of the injection valve. The
method comprises the following steps: determining a fluid
flow of the valve needle in accordance with the method
according to the first aspect of the invention, determining
a fluid flow of the valve seat assembly in accordance with
the method according to the second aspect of the inven-
tion, and selecting a combination of the valve needle ac-
cording to the determined fluid flow of the valve needle
and the valve seat assembly according to the determined
fluid flow of the valve seat assembly to obtain the desired
flow rate of the injection valve.
[0012] This has the advantage, that a simple determi-
nation of appropriate combinations of valve needles and
valve seat assemblies obtained by the two methods for
determining the capability of valve needles and valve
seat assemblies to control desired flow rates is possible.
It is possible to achieve a fitting combination of valve
needles and valve seat assemblies to obtain a given flow
rate of the injection valve. Furthermore, valve needles
and valve seat assemblies of specific flow rate classes
can be matched in a desired manner. Consequently, the
number of rejected injection valves can be kept small.
Thus, low costs for the injection valve and a small risk of
a failure of the injection valve can be obtained.
[0013] 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 with a valve assembly in a
longitudinal section view,

Figure 2 section II of the valve assembly of the injec-
tion valve according to figure 1 in a longitu-
dinal section view according to a first oper-
ating condition, and

Figure 3 section II of the valve assembly of the injec-
tion valve according to figure 1 in a longitu-
dinal section view according to a second op-
erating condition.

[0014] Elements of the same design and function that
appear in different illustrations are identified by the same
reference character.

[0015] An injection valve 62, that is in particular suita-
ble for dosing fuel to an internal combustion engine, com-
prises an inlet tube 2, a housing 6 and a valve assembly
60.
[0016] The valve assembly 60 comprises a valve body
4 with a central longitudinal axis L and a cavity 8, which
takes in a valve needle 10 and preferably a part of an
armature 12. The valve needle 10 has a surface 11 and
a seat part 64 (figure 2). In the inlet tube 2 a recess 16
is provided which further extends to a recess 18 of the
armature 12. A spring 14 is arranged in the recess 16 of
the inlet tube 2 and/or the recess 18 of the armature 12.
Preferably, it rests on a spring seat being formed by an
anti-bounce disc 20. By this the spring 14 is mechanically
coupled to the needle 10. An adjusting tube 22 is provided
in the recess 16 of the inlet tube 2. The adjusting tube
22 forms a further seat for the spring 14 and may be
axially moved during the manufacturing process of the
fluid injection valve in order to preload the spring 14 in a
desired way.
[0017] In a closing position of the needle 10 it sealingly
rests on a seat plate 26 by this preventing a fluid flow
through at least one injection nozzle 24. The injection
nozzle 24 may be, for example, an injection hole. How-
ever, it may also be of some other type suitable for dosing
fluid. The seat plate 26 is separate from the valve body
4. In addition to that a lower guide 28 for guiding the
needle 10 is provided. The lower guide 28 further com-
prises an orifice 70 for guiding the fluid flow.
[0018] Additionally, a fluid flow directing element 30 is
provided which is arranged in the cavity 8 between the
lower guide 28 and the seat plate 26. Preferably, the fluid
flow directing element 30 has the shape of a cylindrical
disk.
[0019] The seat plate 26, the lower guide 28 and the
fluid flow directing element 30 are forming a valve seat
assembly 32.
[0020] The injection valve 62 is provided with an actu-
ator unit, that comprises preferably an electromagnetic
actuator, comprising a coil 36, which is preferably over-
molded. A valve body shell 38, the armature 12 and the
inlet tube 2 are forming an electromagnetic circuit. The
actuator unit may, however, also comprise another type
of actuator, which is known to a person skilled in the art
for that purpose. Such an actuator may be, for example,
a piezoelectric actuator.
[0021] A fluid inlet portion 42 is provided in the valve
body 4 which communicates with a fluid outlet portion 44
which is a part of the cavity 8 near the seat plate 26.
[0022] In the following, the function of the injection
valve 10 is described:
[0023] The fluid is led from the fluid inlet portion 42 to
the fluid outlet portion 44. The axial position of the valve
needle 10, which determines whether the fluid outlet por-
tion 44 is opened or closed for a fluid flow, depends on
the force balance between the spring 14 and the forces
applied to the valve needle 10 by the actuator unit with
the coil 36.

3 4 



EP 2 025 923 A1

4

5

10

15

20

25

30

35

40

45

50

55

[0024] The fluid flows through the fluid outlet portion
44 can be described with flow paths, in particular with a
first flow path 66 and a second flow path 68.
[0025] The fluid flow on the first flow path 66 is following
the surface 11 of the valve needle 10.
[0026] As can be seen in figure 2, the first flow path 66
enters a gap 72 between the valve needle 10 and the
lower guide 28 near the surface 11 of the valve needle
10. This fluid flow is leaving the injection nozzle 24 in
axial direction.
[0027] As can be seen in figure 3, the second flow path
68 through the orifice 70 of the lower guide 28 represents
the fluid flow distanced from the surface 11 of the valve
needle 10. The fluid flow on the flow path 68 is passing
the fluid flow directing element 30 thereby obtaining a
radial velocity component of the fluid flow.
[0028] In the following, the method for determining the
capability of the valve needle and the valve seat assem-
bly to control a desired flow rate in the injection valve,
and the method for determining a set of the valve needle
and the valve seat assembly of the injection valve to ob-
tain a desired flow rate of the injection valve are described
in detail:
[0029] The method for determining the capability of the
valve needle 10 to control a desired flow rate in the in-
jection valve 62 is carried out in the following manner
(see figure 2):
[0030] The valve body 4 and the valve seat assembly
32 are forming a valve assembly shell 56 which is used
as a measuring device. The valve needle 10 which is to
be measured is inserted into the cavity 8 of the valve
body 4 of the valve assembly shell 56. The valve assem-
bly shell 56 is coupled with the fluid supply. A fluid flow
through the fluid outlet portion 44 is released. The fluid
may be a gas or a liquid. The fluid flow through the first
flow path 66 is enabled and the fluid flow through the
second flow path 68 is prevented by a first fluid flow block-
ing device 74. Alternatively, the valve assembly shell 56
and the first fluid flow blocking device 74 are forming a
one-piece master part. The valve needle 10 is operated
under determined operating conditions. Furthermore, the
fluid flow through the fluid outlet portion 44 is measured
under the determined operating conditions. Finally, after
having measured the fluid flow through the fluid outlet
portion 44, the valve needle 10 is removed from the cavity
8 of the valve body 4 of the valve assembly shell 56.
[0031] The method for determining the capability of the
valve seat assembly 32 to control a desired flow rate in
the injection valve 62 is carried out in the following way
(see figure 3):
[0032] The valve body 4 and the valve needle 10 are
forming a valve sub-assembly 58 which is used as a
measuring device. The valve seat assembly 32 which is
to be measured is inserted into the valve sub-assembly
58. The valve sub-assembly 58 is coupled with the fluid
supply. The fluid flow is released through the fluid outlet
portion 44. The fluid may be a gas or a liquid. The fluid
flow through the second flow path 68 is enabled and the

fluid flow through the first flow path 66 is prevented by a
second fluid flow blocking device 76. The valve needle
10 is operated under a certain set of operating conditions.
The fluid flow through the fluid outlet portion 44 is deter-
mined under the certain set of operating conditions. Fi-
nally, the valve seat assembly 32 is removed from the
valve sub-assembly 58.
[0033] In a further step, a combination of the valve nee-
dle 10 according to the determined fluid flow of the valve
needle 10 and the valve seat assembly 32 according to
the determined fluid flow of the valve seat assembly 32
is selected to form a couple of the valve needle 10 and
the valve seat assembly 32 to obtain the required flow
rate of the injection valve 62.

Claims

1. Method for determining the capability of a valve nee-
dle (10) to control a desired flow rate in an injection
valve (62),
the method being carried out with a valve assembly
shell (56) comprising

- a valve body (4) including a central longitudinal
axis (L), the valve body (4) comprising a cavity
(8) with a fluid inlet portion (42) and a fluid outlet
portion (44), and
- a valve seat assembly (32) with a seat plate
(26) and a guiding element (28) for guiding the
valve needle (10),

the valve needle (10) being axially movable in the
cavity (24), the valve needle (10) preventing a fluid
flow through the fluid outlet portion (44) in a closing
position and releasing the fluid flow through the fluid
outlet portion (44) in further positions, and the valve
needle (10) and the valve seat assembly (32) being
designed to enable a fluid flow between the fluid inlet
portion (42) and the fluid outlet portion (44) following
a first flow path (66) through a gap (74) between the
valve needle (10) and the guiding element (28) of
the valve seat assembly (32) and a second flow path
(68) through the valve seat assembly (32),
the method comprising the following steps:

- inserting the valve needle (10) into the cavity
(8) of the valve body (4) of the valve assembly
shell (56),
- coupling the valve assembly shell (56) with a
fluid supply,
- operating the valve needle (10) under a given
set of operating conditions, thereby releasing
the fluid flow through the fluid outlet portion (44),
preventing a fluid flow through the second flow
path (68) and enabling a fluid flow through the
first flow path (66),
- measuring the fluid flow through the fluid outlet
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portion (44) under the given set of operating con-
ditions, and
- removing the valve needle (10) from the cavity
(8) of the valve body (4) of the valve assembly
shell (56).

2. Method for determining the capability of a valve seat
assembly (32) to control a desired flow rate in an
injection valve (62),
the method being carried out with a valve sub-as-
sembly (58) comprising

- a valve body (4) including a central longitudinal
axis (L), the valve body (4) comprising a cavity
(8) with a fluid inlet portion (42) and a fluid outlet
portion (44), and
- a valve needle (10) being axially movable in
the cavity (24), the valve needle (10) preventing
a fluid flow through the fluid outlet portion (44)
in a closing position and releasing the fluid flow
through the fluid outlet portion (44) in further po-
sitions,

the valve seat assembly (32) comprising a seat plate
(26), a guiding element (28) for guiding the valve
needle (10) and a fluid flow directing element (30),
and the valve needle (10) and the valve seat assem-
bly (32) being designed to enable a fluid flow be-
tween the fluid inlet portion (42) and the fluid outlet
portion (44) following a first flow path (66) between
the valve needle (10) and the valve seat assembly
(32) and a second flow path (68) through the valve
seat assembly (32),
the method comprising the following steps:

- coupling the valve seat assembly (32) with the
valve sub-assembly (58),
- coupling the valve sub-assembly (58) with a
fluid supply,
- operating the valve needle (10) under a given
set of operating conditions, thereby releasing
the fluid flow through the fluid outlet portion (44),
preventing a fluid flow through the first flow path
(66) and enabling a fluid flow through the second
flow path (68), and
- measuring the fluid flow through the fluid outlet
portion (44) under a given set of operating con-
ditions, and
- removing the valve seat assembly (32) from
the valve sub-assembly (58).

3. Method for determining a set of a valve needle (10)
and a valve seat assembly (32) of an injection valve
(62) to obtain a desired flow rate of the injection valve
(62),
the method comprising the following steps:

- determining a fluid flow of the valve needle (10)

in accordance with the method of claim 1,
- determining a fluid flow of the valve seat as-
sembly (32) in accordance with the method of
claim 2, and
- selecting a combination of the valve needle
(10) according to the determined fluid flow of the
valve needle (10) and the valve seat assembly
(32) according to the determined fluid flow of the
valve seat assembly (32) to obtain the desired
flow rate of the injection valve (62).

Amended claims in accordance with Rule 137(2)
EPC.

1. Method for determining a set of a valve needle
(10) and a valve seat assembly (32) of an injection
valve (62) to obtain a desired flow rate of the injection
valve (62), the method comprising the following
steps:

- determining a fluid flow of the valve needle (10)
with a first method being carried out with a valve
assembly shell (56),
the valve assembly shell (56) comprising

- a valve body (4) including a central longi-
tudinal axis (L), the valve body (4) compris-
ing a cavity (8) with a fluid inlet portion (42)
and a fluid outlet portion (44), and
- the valve seat assembly (32) with a seat
plate (26) and a guiding element (28) for
guiding the valve needle (10), the valve nee-
dle (10) being axially movable in the cavity
(24), the valve needle (10) preventing a fluid
flow through the fluid outlet portion (44) in
a closing position and releasing the fluid
flow through the fluid outlet portion (44) in
further positions, and the valve needle (10)
and the valve seat assembly (32) being de-
signed to enable a fluid flow between the
fluid inlet portion (42) and the fluid outlet por-
tion (44) following a first flow path (66)
through a gap (74) between the valve nee-
dle (10) and the guiding element (28) of the
valve seat assembly (32) and a second flow
path (68) through the valve seat assembly
(32),

the first method comprising the following steps:

- inserting the valve needle (10) into the cav-
ity (8) of the valve body (4) of the valve as-
sembly shell (56),
- coupling the valve assembly shell (56) with
a fluid supply,
- operating the valve needle (10) under a
given set of operating conditions, thereby
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releasing the fluid flow through the fluid out-
let portion (44), preventing a fluid flow
through the second flow path (68) and en-
abling a fluid flow through the first flow path
(66),
- measuring the fluid flow through the fluid
outlet portion (44) under the given set of op-
erating conditions,
- assigning the valve needle (10) to a flow
rate class according to the determined flow
rate, and
- removing the valve needle (10) from the
cavity (8) of the valve body (4) of the valve
assembly shell (56),

- determining a fluid flow of the valve seat as-
sembly (32) with a second method being carried
out with a valve sub-assembly (58) comprising
the valve body (4) and the valve needle (10),
the second method comprising the following
steps:

- coupling the valve seat assembly (32) with
the valve sub-assembly (58),
- coupling the valve sub-assembly (58) with
a fluid supply,
- operating the valve needle (10) under a
given set of operating conditions, thereby
releasing the fluid flow through the fluid out-
let portion (44), preventing a fluid flow
through the first flow path (66) and enabling
a fluid flow through the second flow path
(68), and
- measuring the fluid flow through the fluid
outlet portion (44) under a given set of op-
erating conditions,
- assigning the valve seat assembly (32) to
a flow rate class according to the deter-
mined flow rate, and
- removing the valve seat assembly (32)
from the valve sub-assembly (58),

and

- selecting a combination of one of a plurality of
valve needles (10) of a flow rate class according
to the determined fluid flow of the valve needle
(10) and one of a plurality of valve seat assem-
blies (32) of a flow rate class according to the
determined fluid flow of the valve seat assembly
(32) to obtain the desired flow rate of the injection
valve (62).
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