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(54) Method and apparatus for manufacturing a valve group for an injector

(57) A valve group (2) has a cartridge (4) with a car-
tridge recess (10). A needle (8) is arranged in the car-
tridge recess (10) movable in axial direction. The car-
tridge (4) and the needle (8) prevent a fluid flow through
an cartridge opening (11) in a closed position of the nee-
dle (8) and otherwise enable the fluid flow through the

cartridge opening (11). The cartridge recess (10) has one
or more characteristic diameters. At least one character-
istic geometry of the respective needle (8) for the car-
tridge (4) is manufactured dependent on the one or re-
spectively more characteristic diameters of the cartridge
recess (10).
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Description

[0001] The invention relates to a method and an ap-
paratus for manufacturing a valve group for an injector,
the valve group having a cartridge with a cartridge recess
in which a needle is arranged moveable in axial direction.
The cartridge and the needle prevent a fluid flow through
a cartridge opening in a closed position of the needle and
otherwise enable the fluid flow through the cartridge
opening.
[0002] The injector comprising the valve group may be
used for dosing fluid into a combustion chamber of an
internal combustion engine. To ensure a high engine
power while having a good environmental compatibility
one has to ensure an accurate dosing of the fluid by the
injector.
[0003] DE 199 07 678 A1 discloses a method for man-
ufacturing control edges of a valve of a fluid injector for
an internal combustion engine. The control edges are
manufactured simultaneously by the same tool.
[0004] The object of the invention is to create a method
and an apparatus for manufacturing a valve group for an
injector, the valve group enabling simply an accurate dos-
ing of fluid.
[0005] The object of the invention is achieved by the
independent claims. Advantageous embodiments of the
invention are given in the sub-claims.
[0006] The invention is distinguished by a method and
an apparatus for manufacturing a valve group for an in-
jector. The valve group has a cartridge with a cartridge
recess in which a needle is arranged moveable in axial
direction. The cartridge and the needle prevent a fluid
flow through a cartridge opening in a closed position of
the needle and otherwise enable the fluid flow through
the cartridge opening. The cartridge recess is manufac-
tured comprising one or more characteristic diameters.
At least one characteristic geometry of the respective
needle for the cartridge is manufactured dependent on
the one or respectively more characteristic diameters of
the cartridge recess. Further, the cartridge and the re-
spective needle are assembled.
[0007] If some dimensions of the valve group deviate
from their given dimensions this may lead to an increased
coking of the valve group in the area of the cartridge
opening. The dimensions may comprise the one or more
characteristic diameters of the cartridge. Already very
small deviations from the given dimensions may lead to
an inaccurate dosing of the fluid by the injector compris-
ing the valve group. So it is very important that deviations
of given dimensions of the valve group are as small as
possible. The deviations may occur while manufacturing
the valve group. Manufacturing at least one characteristic
geometry of the needle dependent on the one or more
characteristic diameters of the cartridge contributes to a
very precise fit of the needle to the cartridge despite the
deviations. The at least one characteristic geometry of
the needle may be for example a diameter of the needle
at a given axial length of the needle. This contributes to

an accurate dosing of fluid by the injector comprising the
valve group.
[0008] In an advantageous embodiment of the method
the one or more characteristic diameters of the cartridge
is or respectively are measured and the at least one char-
acteristic geometry of the needle is manufactured de-
pendent on the measured one or respectively more char-
acteristic diameters of the cartridge. This enables that
the cartridge and the at least one characteristic geometry
of the needle are manufactured at different times or dif-
ferent places which may contribute to low cost production
of the valve group. The step of measuring the one or
more characteristic diameters and the step of manufac-
turing the at least one characteristic geometry of the nee-
dle dependent on the measured one or respectively more
characteristic diameters may also be executed nearly si-
multaneously.
[0009] In a further advantageous embodiment the
method comprises a step of manufacturing the cartridge
and the at least one characteristic geometry of the needle
simultaneously. The tool for manufacturing the at least
one characteristic geometry of the needle mechanically
follows the tool for manufacturing the cartridge. This en-
ables manufacturing the at least one characteristic ge-
ometry of the needle dependent on the cartridge without
measuring the one or more characteristic diameters of
the cartridge. The mechanical following of the tool for
manufacturing the at least one characteristic geometry
of the needle enables manufacturing the at least one
characteristic geometry of the needle dependent on the
cartridge without any electronic or software for measuring
the cartridge. Mechanical following means in this context
that the tools are coupled mechanically and the tool for
manufacturing the cartridge leads the movement of the
tool for manufacturing for manufacturing the at least one
characteristic geometry of the needle.
[0010] In a further advantageous embodiment of the
method a cylindrical part of the needle tip is manufactured
which works together as an injection nozzle with a car-
tridge tip at the cartridge opening. The cylindrical part
sticking out of the cartridge recess and having a diameter
which is a function of a diameter of the cartridge opening.
The cylindrical part enables simply a very precise man-
ufacturing of the needle depending on the characteristic
diameters.
[0011] Exemplary embodiments of the invention are
explained in the following with the aid of schematic draw-
ings.
[0012] These are as follows:

Figure 1 a valve group for an injector,

Figure 2 a detailed view of a cartridge tip and a first
embodiment of a needle tip of the valve
group,

Figure 3 a detailed view of the cartridge tip and a sec-
ond embodiment of the needle tip,
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Figure 4 a detailed view of the cartridge tip and a third
embodiment of the needle tip,

Figure 5 a flow chart of a first method for manufactur-
ing the valve group,

Figure 6 a flow chart of a second method for manu-
facturing the valve group.

[0013] Elements of the same design and function that
appear in the different illustrations are identified by the
same reference character.
[0014] A fluid injector (figure 1) comprises an injector
housing 1 and a valve group 2. The valve group 2 com-
prises a cartridge 4, a valve cap 6 and a needle 8. The
injector may be used to inject fluid to a combustion cham-
ber of an internal combustion engine. The injector may
is connected to a high pressure fuel chamber, for exam-
ple a common rail, of an internal combustion engine,
where fuel is stored under high pressure, for example
under the pressure of about 200 Bar.
[0015] The cartridge 4 comprises a cartridge recess
10. At one axial end facing away from the valve cap 6
the cartridge 4 comprises a cartridge tip 9. The cartridge
recess 10 comprises a cartridge opening 11. Further, the
cartridge 4 comprises two boreholes 16. In an alternative
embodiment the cartridge 4 may comprise only one or
more boreholes 16.
[0016] The cartridge 4 takes in the needle 8 movable
in axial direction. The needle 8 comprises a needle tip
13 facing away from the valve cap 6. The needle 8 further
comprises an end face 15 facing away from the needle
tip 13.
[0017] A spring 12 is arranged between the cartridge
4 and a spring washer 14. The spring washer 14 forms
a first spring rest for the spring 12. A second spring rest
is formed preferably at one axial end of the cartridge 4
facing away from the cartridge tip 9. The spring washer
14 is fixed to the needle 8. The spring 12 forces the needle
8 via the spring washer 14 in order to press the needle
tip 13 against the cartridge opening 11.
[0018] The valve cap 6 comprises a control recess 17
facing away from the cartridge 4. Bellows 18 prevent leak-
ing of the fluid through the control recess 17 of the valve
cap 6. The end face 15 of the needle 8 protrudes in an
actor housing 32. An actor 34 is arranged in the actor
housing 32 and comprises a ground plate 36. Via the
ground plate 36 the actor 34 affects the needle 8 at the
end face 31 of the needle 8.
[0019] The needle 8 prevents in a closed position of
the needle 8 a fluid flow through the cartridge opening
11. In the closed position of the needle 8 the needle tip
13 is pressed to the cartridge recess 10 from the outside
of the cartridge recess 10 covering it sealing up the car-
tridge recess 10. So the needle 8 prevents the fluid flow
through the cartridge opening 11. Apart from the closed
position the needle tip 13 is moved away from the car-
tridge opening 11. So the cartridge opening 11 and the

needle 8 form an injection nozzle. The fluid may flow
through the volume between the injector housing 1 and
the actor housing 5. The fluid may enter the valve group
2 through a fluid recess 20 of the valve cap 6. Then the
fluid flows to the cartridge opening 11 and apart from the
closed position of the needle 8 the fluid is injected to the
combustion chamber of the internal combustion engine.
The axial position of the needle 8 depends on a force
balance. A first force is affected by the spring 12 in closing
direction of the needle 8 and a second force is affected
by the actor 34 in opening direction of the needle 8. Fur-
ther forces on the needle 8 are affected by the fluid in
the valve group 2.
[0020] The cartridge opening 11 comprises a conical
part 42 (figure 2) of the cartridge 4 facing an axis 43 of
the cartridge 4. The diameter of the conical part 42 in-
creases away from the valve cap 6. For example an inner
diameter and an outer diameter X of the conical part 42
may be called characteristic diameters of the cartridge
4. At an alternative embodiment of the cartridge 4 there
also may be more or less characteristic diameters of the
cartridge 4, for example: if the cartridge opening 11 com-
prises a second conical part and/or a cylindrical part, one
diameter of the conical part and/or respectively the di-
ameter of the cylindrical part of the cartridge opening 11
may be called characteristic diameter of the cartridge 4.
The outer diameter X of the conical part 42 in cooperation
with the needle tip 13 is very important for an accurate
dosing of the fluid and for avoiding coking. The coking
may results at a high temperature by not completely
burned fluid and/or dirt in the fluid. The needle tip 13
comprises a cylindrical part 40 which comprises a diam-
eter F X. A characteristic geometry of the needle 8 may
comprise the cylindrical part 40 of the needle 8.
[0021] The needle tip 9 could also comprise a conical
part 44 (Figure 3). The conical part 44 borders the cylin-
drical part 40. Alternatively the conical 44 part of the nee-
dle tip 13 may include different cone angles with the axis
of the needle 8 (Figure 4). The characteristic geometry
of the needle 8 may comprise the conical part 44 of the
needle 8. The characteristic geometry of the needle 8
may also comprise a further part of the needle 8 which
is relevant for reducing the coking at the cartridge tip 9
and/or the needle tip 13.
[0022] To ensure a very good fit between the cartridge
tip 9 and the needle tip 13 the valve group 2 is preferably
manufactured by the following steps. In a first step S1
(figure 5), the cartridge 4 and the needle 8 are assembled
to the tools which are operable to manufacture the car-
tridge 4 and respectively the needle 8. In a second step
S2 the cartridge 4 and, in particular, one or more char-
acteristic diameters of the cartridge 4 are manufactured.
In a third step S3, the one or more characteristic diame-
ters of the cartridge 4 are measured. In a fourth step S4
at least one characteristic geometry of the needle 8 is
manufactured dependent on the cartridge 4, in particular
dependent on the characteristic diameters. In a step S5
the needle 8 and the cartridge 4 are assembled together.
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So some deviations of the one or more measured char-
acteristic diameters which occur while manufacturing the
cartridge 4 are transferred to the at least one character-
istic geometry of the respective needle 8. This contributes
to a very precise fit of the needle 8 to the cartridge 4
despite the deviations.
[0023] Alternatively the second step S2, the third step
S3 and the fourth step S4 are substituted by a sixth and
a seventh step S6, S7. In the sixth step S6 the tools for
manufacturing the cartridge 4 or respectively the at least
one characteristic geometry of the needle 8 are mechan-
ically coupled together in a way that the tool for manu-
facturing the at least one characteristic geometry of the
needle 8 can follow the tool for manufacturing the car-
tridge 4. In the seventh step S7 the one or more charac-
teristic diameters of the cartridge 4 are manufactured si-
multaneously with the characteristic geometry of the nee-
dle 8 comprising the diameter F_X.

Claims

1. Method for manufacturing a valve group (2) having
a cartridge (4) with a cartridge recess (10) in which
a needle (8) is arranged movable in axial direction,
the cartridge (4) and the needle (8) preventing a fluid
flow through a cartridge opening (11) in a closed po-
sition of the needle (8) and otherwise enabling the
fluid flow through the cartridge opening (11), the
method comprising the steps of:

- manufacturing the cartridge recess (10) having
one or more characteristic diameters,
- manufacturing at least one characteristic ge-
ometry of the respective needle (8) for the car-
tridge (4) dependent on the one or respectively
more characteristic diameters of the cartridge
recess (10),
- assembling the cartridge (4) and the respective
needle (8).

2. Method in accordance with claim 1 comprising a step
of measuring the one or more characteristic diame-
ters of the cartridge (4) and manufacturing the at
least one characteristic geometry of the needle (8)
dependent on the measured one or respectively
more characteristic diameters of the cartridge (4).

3. Method in accordance with claim 1 comprising a step
of manufacturing the cartridge (4) and the at least
one characteristic geometry of the needle (8) simul-
taneously, the tool for manufacturing the at least one
characteristic geometry of the needle (8) mechani-
cally following the tool for manufacturing the car-
tridge (4).

4. Method in accordance with one of the preceding
claims comprising a step of manufacturing a cylin-

drical part (40) at a needle tip (13) which works to-
gether as an injection nozzle with a cartridge tip (9)
at the cartridge opening (11), the cylindrical part (40)
sticking out the cartridge recess (10) and having a
diameter (F_X) which is a function of a diameter (X_
T) of the cartridge opening (11).

5. Apparatus for manufacturing a valve group (2) hav-
ing a cartridge (4) with a cartridge recess (10) in
which a respective needle (8) is arranged movable
in axial direction, the cartridge (4) and the respective
needle (8) preventing a fluid flow through an car-
tridge opening (11) in a closed position of the respec-
tive needle (8) and otherwise enabling the fluid flow
through the cartridge opening (11), the apparatus is
operable to:

- manufacturing the cartridge recess (10) having
one or more characteristic diameters,
- manufacturing at least one characteristic ge-
ometry of the respective needle (8) dependent
on the one or respectively more characteristic
diameters of the cartridge recess (10)
- assembling the cartridge (4) and the respective
needle (8).
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