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(54) Injector for dosing fluid and method for assembling the injector

(57)  Aninjector (2) for dosing fluid comprises an in-

jector body (4) having arecess (8) and an injection nozzle FIG 1

(18) at a tip (20) of the injector body (4). A needle (15) is 37
arranged inthe recess (8) of the injector body (4) movable

in axial direction. The needle (15) prevents a fluid flow

through the injection nozzle (18) in a closed position of

the needle (15) and otherwise enables the fluid flow

through the injection nozzle (18). An actor arrangement 44
is arranged in the recess (8) of the injector body (4) and —36
coupled to the needle (15) at a first axial end (13) of the
actor arrangement for moving the needle (15). The actor
arrangement is coupled with the injector body (4) at a
second axial end (37) of the actor arrangement in such
a way that the second axial end (37) is fixed relative to z
the injector body 4. Further, the actor arrangement com- 34 14
prises a piezo-actuator (10) and a calibration shim (44)
for calibrating the injector (2). 4
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Description

[0001] The invention relates to an injector for dosing
fluid. The injector comprises an injector body, an injection
nozzle, and a needle. The injector body has a recess. An
injection nozzle is formed at a tip of the injector body.
The needle is arranged in the recess of the injector body
movable in axial direction. The needle prevents a fluid
flow through the injection nozzle in a closed position of
the needle and otherwise enables the fluid flow through
the injection nozzle.

[0002] Because of stringent laws for pollution emis-
sions of combustion engines, especially of combustion
engines for cars, a modern injector has to enable the
dosing of fluid in a very precise way. For this reason in
general, the injector is calibrated before it is finally as-
sembled. In general, the calibration of the injectors is
complicated and time- and cost-consuming. However,
without the calibration the injector is not able to dose the
fluid in such a precise way as the stringent laws stipulate.
[0003] Itis an object of the present invention to create
an injector and a method for assembling the injector
which enable a precise dosing of fluid by the injector in
a simple way.

[0004] The object of the invention is achieved by the
features of independent claims 1 and 4. Advantageous
embodiments of the invention are given in the subclaims.
[0005] Theinventionisdistinguished concerning afirst
aspect of the invention by an injector for dosing fluid. The
injector comprises an injector body, an injection nozzle,
a needle and an actor arrangement. The injector body
has a recess. The injection nozzle is formed at a tip of
the injector body. The needle is arranged in the recess
of the injector body movable in axial direction. The needle
prevents a fluid flow through the injection nozzle in a
closed position of the needle and otherwise enables the
fluid flow through the injection nozzle. The actor arrange-
ment is arranged in the recess of the injector body. The
actor arrangement is coupled to the needle at a first axial
end of the actor arrangement for moving the needle. Fur-
ther, the actor arrangement is coupled with the injector
body at a second axial end of the actor arrangement in
such a way that the second axial end is fixed relative to
the injector body. The actor arrangement comprises a
piezo-actuator and a calibration shim for calibrating the
injector.

[0006] The calibration shim simply enables a calibra-
tion of the injector. This is especially advantageous, if
the injector is calibrated by measuring a fluid flow of fluid
dosed by the injector and by determining a thickness of
the calibration shim dependent on the measured fluid
flow. The simple calibration of the injector contributes to
a very precise calibration. The very precise calibration
contributes to a very precise dosing of fluid by the injector
in a simple way.

[0007] Preferably, the second axial end of the actor
arrangement is fixed relative to the injector body by pre-
venting a movement of the second axial end away from

10

15

20

25

30

35

40

45

50

55

the needle and by applying a force on the actor arrange-
ment in direction away from the needle, for example
through the needle spring.

[0008] Inan advantageous embodiment of the first as-
pect of the invention the actor arrangement comprises a
compensation assembly for compensating a different
thermal expansion of the piezo-actuator and of the injec-
tor body. The piezo-actuator is coupled to the compen-
sation assembly in axial direction. If the injector body
expands differently with rising temperature relative to the
piezo-actuator, the compensation assembly assures a
proper coupling of the piezo-actuator with the needle.
The coupling of the piezo-actuator and the needle may
be achieved hydraulically and/or mechanically.

[0009] In a further advantageous embodiment of the
first aspect of the invention the calibration shim is ar-
ranged between a first spring and a supporting element
of the compensation assembly for supporting the first
spring. This enables to increase the axial length of the
actor arrangementby the calibration shimin avery simple
way. The increasing of the length of the actor arrange-
ment enables the calibration of the injector dependent
on the thickness of the calibration shim.

[0010] The actor arrangement comprises the actor, the
calibration shim, and it may comprise the compensation
assembly. The calibration shim may be alternatively cou-
pled to the actor arrangement at the first or the second
axial end of the actor arrangement. Alternatively, the cal-
ibration shim may be arranged between the piezo-actu-
ator and the compensation assembly.

[0011] The invention is distinguished concerning a
second aspect of the invention by a method for assem-
bling the injector. The actor arrangement is inserted into
the recess of the injector body without the calibration
shim. The actor arrangement is coupled with the needle
atthe firstaxial end of the actor arrangement. The second
axial end of the actor arrangement is provisionally fixed
relative to the injector body. Fluid is dosed with the injec-
tor in a given way. A fluid flow of the fluid dosed by the
injector is measured. A thickness of the calibration shim
is determined dependent on the measured fluid flow. The
fixation of the second axial end of the actor arrangement
relative to the injector body is severed. The calibration
shim with the determined thickness is added to the actor
arrangement in such a way that an axial length of the
unloaded actor arrangement is increased by the calibra-
tion shim. The second axial end of the actor arrangement
is coupled to the injector body and the recess of the in-
jector body is closed. The second axial end of the actor
arrangement is coupled to the injector body in such a
way that the second axial end of the actor arrangement
is fixed relative to the injector body.

[0012] This enables to calibrate the injector in a very
simple way. This contributes to a low cost assembling of
the injector and to a very precise dosing of fluid by the
injector in a simple way.

[0013] The unloaded actor arrangement means in this
context that no load is applied on the actor arrangement
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in axial direction. However, the parts of the actor arrange-
ment are coupled to each other in such a way that they
are in direct contact with each other.

[0014] Further, a first axial end of the piezo-actuator
may be representative for the first axial end of the actor
arrangement and a first axial end of the compensation
assembly may be representative for the second axial end
of the actor arrangement. Alternatively, the first axial end
of the compensation assembly may be representative for
the first axial end of the actor arrangement and the first
axial end of the piezo-actuator may be representative for
the second axial end of the actor arrangement.

[0015] Inan advantageous embodiment of the second
aspect of the invention the actor arrangement is inserted
into the recess of the injector body by inserting the piezo-
actuator and the compensation assembly into the recess
of the injector body. The piezo-actuator is coupled to the
compensation assembly in axial direction by fixing a
spring washer of the compensation assembly to a pin of
the piezo-actuator. This contributes to a simple assem-
bling of the actor arrangement. Further, this enables a
short axial length of the actor arrangement and so a short
axial length of the injector. The short axial length of the
injector may contribute to a low cost production of the
injector and to a space-saving arrangement of the injector
in the internal combustion engine.

[0016] In a further advantageous embodiment of the
invention the piezo-actuator is connected to an electric
circuitry before the spring washer is fixed to the pin of
the piezo-actuator. The piezo-actuator is connected to
the electric circuitry for driving the piezo-actuator. This
contributes to the simple dosing of fluid by the injector.
[0017] In a further advantageous embodiment of the
second aspect of the invention the recess of the injector
body is closed by rigidly coupling the second axial end
of the actor arrangement with the injector body. This con-
tributes very effectively to the easy assembling of the
injector.

[0018] The invention is explained in the following with
the aid of schematic drawings.

[0019] These are as follows:

figure 1 an injector,

figure 2  a detailed view of the injector according to
Figure 1,

figure 3  a compensation assembly,

figure 4  a relieving device for the compensation as-
sembly, and

figure 5 a flowchart for assembling the injector.

[0020] Elements with the same design or function that

appear in the different illustrations are identified by the
same reference characters.
[0021] Aninjector 2 (figure 1) for dosing fluid comprises
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an injector body 4 with a recess 8, a valve body 6, and
an actor arrangement. The injector 2 may be used for
dosing fuelinto a combustion chamber of an internal com-
bustion engine. In this embodiment, the injector 2 is of
an outward opening type. In an alternative embodiment,
the injector 2 may be of an inward opening type.

[0022] The actor arrangement at least comprises a pi-
ezo-actuator 10 and a calibration shim 44. Preferably,
the actor arrangement comprises a compensation as-
sembly 36.

[0023] The valve body 6 has a recess 16 of the valve
body 6. The recess 16 of the valve body 6 contains a
needle 15 movable in axial direction. A needle spring 24
is arranged circumferential an axial section of the needle
15. In axial direction, the needle spring 24 is arranged
intermediate the valve body 6 and a needle spring washer
22. The valve body 6 forms a first needle spring rest and
the needle spring washer 22 forms a second needle
spring rest for the needle spring 24. The needle spring
24 is formed and arranged in such a way that the needle
spring 24 is preloaded and in that way the needle 15 is
pressed from the outside against the valve body 6 via
the needle spring washer 22 and so the needle 15 is in
its closed position.

[0024] The needle spring washer 22 is coupled to the
piezo-actuator 10 via a ground plate 12 of the piezo-ac-
tuator 10. The piezo-actuator 10 is coupled to the com-
pensation assembly 36 via a top plate 14 of the piezo-
actuator 10. Preferably, the ground plate 12 of the piezo-
actuator 10 comprises a first axial end 13 of the actor
arrangement. The first axial end 13 of the actor arrange-
ment is coupled to the needle 15.

[0025] The injector 2 further comprises a fluid inlet 28
for connecting the injector 2 to an external fluid line. A
fluid line 26 of the injector 2 may be formed in the injector
body 4 of the injector 2 by forming the injector body 4
double-tube-shaped and by guiding the fluid between the
inner and the outer tube of the double-tube-shaped in-
jector body 4.

[0026] Whether the needle 15 is in its closed position
or not depends on a force balance. A first force on the
needle 15 in closing direction of the needle 15 is applied
by the needle spring 24. A second force on the needle
15 against the closing direction of the needle 15 may be
applied on the needle 15 by the piezo-actuator 10. A third
force on the needle 15 may be applied on the needle 15
by the fluid in the recess 16 of the valve body 6.

[0027] If the piezo-actuator 10 gets energized, it may
change its axial length in a time range of about some
microseconds. If a force acts on the compensation as-
sembly 36 that fast, the compensation assembly 36 re-
acts like a stiff body. In that way, the force applied by the
piezo-actuator 10 is transferred to the needle spring
washer 22 and/or the needle 15. In that way, the piezo-
actuator 10 is able to force the needle 15 away from the
compensation assembly 36 and away from the closed
position of the needle 15. If the needle 15 is not in its
closed position, there is an opening formed between the
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needle 15 and the valve body 6 at an injector tip 20 of
the injector 2 facing away from the piezo-actuator 10.
This opening forms the injection nozzle 18 of the injector
2.

[0028] The piezo-actuator 10 gets energized via a ter-
minal 34 which is electrically coupled to a connector 32.
Preferably, the piezo-actuator comprises at least one fur-
ther connector 32 which is coupled to a further terminal
34. The piezo-actuator 10 gets energized by applying a
given voltage on the connector 32.

[0029] The compensation assembly 36 comprises a
relieving device and a compensation device 42 (figure
2). If the injector body 4 of the injector 2 changes its axial
length, for example, because of an increasing tempera-
ture of the injector body 4, there is a slowly changing
force applied on the compensation assembly 36 relative
to the time range in which the piezo-actuator 10 may
change its axial length, if the piezo-actuator 10 gets en-
ergized. If the slowly changing force is applied on the
compensation assembly 36, the compensation assembly
36 is able to change its axial length and in that way is
able to compensate the different thermal expansion of
the injector body 4 and of the piezo-actuator 10.

[0030] Forexample,the compensation device 42 com-
prises a cup-shaped compensation body 49 and a piston
50 (figure 3). The piston 50 comprises a piston head and
a piston rod 54. The cup-shaped compensation body 49
is preferably sealed by a membrane 53 of the compen-
sation device 42. The piston 50 separates a first working
volume 51 from a second working volume 57. Further,
the first working volume 51 is bordered by a bottom por-
tion of the first compensation body 50. The first working
volume 51 hydraulically communicates with the second
working volume 57, preferably, via a clearance between
the piston 50 and an inner wall of the cup shaped com-
pensation body 49 and/or the first working volume 51
hydraulically communicates with the second working vol-
ume 57 via a fluid line 55 of the piston 50. The fluid line
55 of the piston 50 may comprise, for example, a throttle,
a check valve, and/or a control valve. Preferably, the bot-
tom portion of the cup-shaped compensation body 49
comprises a second axial end 37 of the actor arrange-
ment. The position of the second axial end 37 relative to
the injector body 4 is fixed. Preferably, the second axial
end 37 is fixed relative to the injector body 4 by sealingly
welding a closing body 38 to the injector body 4 and by
the force which acts on the actor arrangement because
of the needle spring 24.

[0031] The clearance, the fluid line 55 of the piston 50,
the throttle, the check valve, and/or the control valve are
formed and arranged in such a way that the piston 50 is
moved towards the bottom portion of the cup-shaped
compensation body 49, if the slowly changing force in
axial direction is applied on the piston 50, for example,
because of the different thermal expansion of the injector
body 4 and the piezo-actuator 10. In that way, a fluid in
the first working volume 51 is pressed through the clear-
ance and/or, respectively, through the fluid line 55 of the
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piston 50 to the second working volume 57 and then, the
piston 50 moves towards the bottom portion of the cup-
shaped compensation body 49 for compensating the fluid
flow in the compensation device 42. In this way, the com-
pensation device 42 is able to compensate the different
thermal expansion of the injector body 4 and of the piezo-
actuator 10.

[0032] Ifthere is the fast changing force applied on the
piston 50, the fluid in the first working volume 51 is not
able to flow fast enough to the second working volume
57 and the cup-shaped compensation body 49 and the
piston 50 are not able to move relative to each other. In
this way, the whole compensation device 42 acts like the
stiff body.

[0033] Therelieving device comprises a relieving body
40. The relieving body 40 comprises a ground plate and
at least one transferring element 66 (figure 4). The re-
lieving device further comprises arelieving ring 56, a first
spring 46, and a relieving spring washer 48.

[0034] Preferably, the ground plate has a spherical
shape. The transferring element 66 extends from an out-
er area of the ground plate parallel to an axis of the com-
pensation assembly 36 towards the relieving ring 56. The
relieving ring 56 comprises a first spring rest for the first
spring 46. Alternatively, the first spring rest may be of an
other type which enables a proper support for the first
spring 46. The relieving spring washer 48 forms a second
spring rest for the first spring 46.

[0035] Preferably, a second spring 58 is arranged in-
termediate the membrane 53 and a compensation wash-
er 60. The second spring 58 is preloaded and in this way
the membrane 53 is deformed.

[0036] The relieving device relieves the compensation
device 42, if a force acts on the compensation device 42.
The force on the compensation device 42 is split up in
two force components. The first force componentis trans-
ferred to the compensation device 42 and the second
force is transferred by the relieving device itself. Further,
a stress on the membrane 53 because of the deformation
ofthe membrane 53 is diminished by the relieving device.
[0037] In order to achieve a proper dosing by the in-
jector 2, the injector 2 is calibrated before the final as-
sembling. Preferably, the injector 2 is assembled and cal-
ibrated as follows:

[0038] In a step S1 the parts needed for assembling
the injector 2 and the machines for the assembling are
prepared.

[0039] In a step S2, the piezo-actuator 10 is inserted
into the recess 8 of the injector body 4. Alternatively, in
step S2 the compensation assembly 36 may be inserted
into the recess 8 of the injector body 4.

[0040] Inastep S3the piezo-actuator 10 is connected
to an electric circuitry. The electric circuitry comprises
the terminal 34. Preferably, the piezo-actuator 10 is con-
nected to the electric circuitry by welding or by soldering
the connector 32 to the terminal 34.

[0041] In a step S4, the relieving spring washer 48 of
the compensation assembly 36 is fixed to a pin 30 of the
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piezo-actuator 10. Afterwards, the compensation assem-
bly 36 is inserted into the recess 8 of the injector body 4
in such a way that the first spring 46 of the compensation
assembly 36 is axially coupled to the relieving spring
washer 48 of the compensation assembly 36. Alterna-
tively, the injector 2 may be assembled without the com-
pensation assembly 36. Further, if in step S2 the com-
pensation assembly 36 has been inserted into the recess
of the injector body 4, in step S4 the piezo-actuator 10
is inserted into the recess 8 of the injector body 4 and is
connected to the electric circuitry.

[0042] In a step S5, the second axial end 37 of the
actor arrangement facing away from the needle 50 is
fixed relative to the injector body 4. The second axial end
37 of the actor arrangement may be fixed relative to the
injector body 4 by clamping a closing body 38 at the in-
jector body 4 by an external clamping device and by the
force which is applied on the actor arrangement by the
needle spring 24. In particular, the actor arrangement
may be pressed against the closing body 38 by the needle
spring 24. Afterwards, fluid is dosed by the injector 2 in
a given way. For dosing fluid with the injector 2 in the
given way, a given voltage is applied on the piezo-actu-
ator 10 for a given time interval and/or different voltages
at different durations are applied on the piezo-actuator
10. Further in step S5, a fluid flow FLOW of the dosed
fluid is measured.

[0043] In a step S6, a thickness L of the calibration
shim 44 is determined dependent on the measured fluid
flow FLOW. Then, the calibration shim 44 with the deter-
mined thickness L is added to the actor arrangement.
Independent from the particular arrangement, the cali-
bration shim 44 has to be added to the actor arrangement
in such a way that the unloaded actor arrangement is
increased in its axial length by the calibration shim 44
relative to the actor arrangement without the calibration
shim 44. The increasing of the axial length of the actor
arrangement in the unloaded situation leads to an in-
creased pressure on the actor arrangement, if the actor
arrangement is inserted into the recess 8 of the injector
body 4 and if the recess 8 of the injector body 4 is closed
by the closing body 38. The increased pressure on the
actor arrangement leads to an increased pressure on the
needle 15 and on the needle spring 24. This leads to a
different closing behaviour of the needle 15 and so to a
different dosing behaviour of the injector 2 and can be
used for calibrating the injector 2.

[0044] The calibration shim 44 may be added to the
actor arrangement by arranging the calibration shim 44
at the first or the second axial end 13, 37 of the actor
arrangement. Alternatively, the calibration shim 44 may
be arranged between the piezo-actuator 10 and the com-
pensation assembly 36. Preferably, the calibration shim
44 is arranged between the first spring 46 of the com-
pensation assembly 36 and a supporting element of the
compensation assembly 36 for supporting the first spring
46. The supporting element of the compensation assem-
bly 36 may be the relieving spring washer 48 of the com-
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pensation assembly 36 and/or the relieving ring 56 or
further parts of the compensation assembly 36.

[0045] Inastep S7,the fixation of the second axial end
37 of the actor arrangement is severed. Preferably, the
fixation is severed by removing the external clamping
device and the closing body 38. Afterwards, those parts
of the actor arrangement which had to be taken out for
inserting the calibration shim 44 are taken out from the
recess 8 of the injector body 4.

[0046] In a step S8, the complete actor arrangement
is inserted into the recess 8 of the injector body 4, the
second axial end 37 of the actor arrangement is fixed
relative to the injector body 4 and the recess 8 of the
injector body 4 is closed by the closing body 38. Prefer-
ably, the recess 8 of the injector body 4 is closed by the
closing body 38. Preferably, the second axial end 37 of
the actor arrangement is fixed relative to the injector body
4 by closing the recess 8 of the injector body 4. Preferably,
the closing body 38 is pressed towards the actor arrange-
ment and is fixed to the injector body 4 by welding. If the
closing body 38 is properly welded to the injector body
4,therecess 8 of theinjector body 4 is sealed up properly.
[0047] Inastep S9, the injector 2 is finally assembled
and may be taken out of the machines for assembling
the injector 2.

[0048] The invention is not restricted by the explained
embodiments. For example, in this embodiment, the
ground plate 12 of the piezo-actuator 10 comprises the
firstaxial end 13 of the actor arrangement and the bottom
portion of the cup-shaped compensation body 49 com-
prises the second axial end 37 of the actor arrangement.
Alternatively, the piezo-actuator 10 and/or the compen-
sation assembly 36 and/or the actor arrangement may
be turned around 180 degrees relative to the injector body
4 and in that way may be introduced into the recess 8 of
the injector body 4. Further, there- may be arranged a
different compensation device 42. Further, the compen-
sation assembly 36 may be arranged without the relieving
device.

Claims
1. Injector (2) for dosing fluid comprising

- an injector body (4) having a recess (8),

- an injection nozzle (18) at a tip (20) of the in-
jector body (4),

- a needle (15) which is arranged in the recess
(8) of the injector body (4) movable in axial di-
rection and which prevents a fluid flow through
the injection nozzle (18) in a closed position of
the needle (15) and which otherwise enables
the fluid flow through the injection nozzle (18),
- an actor arrangement which is arranged in the
recess (8) of the injector body (4), which is cou-
pled to the needle (15) at a first axial end (13)
of the actor arrangement for moving the needle
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(15), which is coupled with the injector body (4)
at a second axial end (37) of the actor arrange-
ment in such a way that the second axial end
(37) is fixed relative to the injector body (4), and
which comprises a piezo-actuator (10) and acal-
ibration shim (44) for calibrating the Injector (2).

Injector (2) in accordance with claim 1 with the actor
arrangement comprising a compensation assembly
(36) for compensating a different thermal expansion
of the piezo-actuator (10) and of the injector body
(4), with the piezo-actuator (10) being coupled to the
compensation assembly (46) in axial direction.

Injector (2) in accordance with claim 2 with the cali-
bration shim (44) being arranged between a first
spring (46) and a supporting element of the compen-
sation assembly (36) for supporting the first spring
(46).

Method for assembling the Injector (2) according to
one of the preceding claims comprising the steps of:

- inserting the actor arrangement without the cal-
ibration shim (44) into the recess (8) of the in-
jector body (4) and coupling the first axial end
(13) of the actor arrangement with the needle
(15),

- provisionally fixing the second axial end (37)
of the actor arrangement relative to the injector
body (4),

- dosing fluid with the injector (2) in a given way,
- measuring a fluid flow (FLOW) of the fluid
dosed by the injector (2),

- determining a thickness (L) of the calibration
shim (44) dependent on the measured fluid flow
(FLOW),

- sever the fixation of the second axial end (37)
of the actor arrangement relative to the injector
body (4),

- adding the calibration shim (44) with the deter-
mined thickness to the actor arrangement in
such a way that an axial length of the unloaded
actor arrangement is increased by the calibra-
tion shim (44),

- coupling the second axial end (37) of the actor
arrangement to the injector body (4) and closing
the recess (8) of the injector body (4), with the
second axial end (37) of the actor arrangement
being coupled to the injector body (4) in such a
way that the second axial end (37) of the actor
arrangement s fixed relative to the injector body

4.

Method in accordance with claim 4 comprising the
steps of inserting the actor arrangement into the re-
cess (8) ofthe injector body (4) by inserting the piezo-
actuator (10) and the compensation assembly (36)
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into the recess (8) of the injector body (4) and cou-
pling the piezo-actuator (10) to the compensation
assembly (36) in axial direction by fixing a spring
washer (48) of the compensation assembly (36) to
a pin (30) of the piezo-actuator (10).

Method in accordance with one of the claims 4 or 5
comprising the step of connecting the piezo-actuator
(10) to an electric circuitry, for driving the piezo-ac-
tuator (10), before the spring washer (48) is fixed to
the pin (30) of the piezo-actuator (10).

Method in accordance with one of the claims 4 to 6
comprising the step of closing the recess (8) of the
injector body (4) by rigidly coupling the second axial
end (37) of the actor arrangement with the injector
body (4).
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