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(54) Injection valve with two adjusting tubes and method for adjusting a pretension of a spring
on a closing member of an injection valve

(57)  The invention describes an injection valve and

a process for adjusting a preload of a spring that biases FIG 1 16
a valve member of the injection valve against the valve
seat. The injection valve comprises two adjusting tubes ’
(2,3) that are arranged behind each other and the sec- 23_%‘ N1
ond tube (3) is adjacent to the spring (11). The spring N d1 §
(11) biases an armature (5) with a needle (6) against a
valve seat. In a first calibration step, the first adjusting
tube (2) is fixed to an inlet tube (1) determining the 2_% @
preload of the spring (11). Then the function of the in- 0'i>\ h
jection valve is checked and if necessary, the tension of —(;_/ — <'— -
the spring (11) is increased by the second adjusting tube
(3) that is moved towards the spring (11) and fixed to 22 a2 22
the inlettube (1) in a respective position. The advantage
of the invention is that after a first determination of the 3]
tension of the spring, it is possible to increase the ten- ——
sion of the spring with a second adjusting tube. —E-
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Description

[0001] The invention relates to an injection valve with
a closing member that is dedicated to a valve seat. The
closing member is stressed towards the valve seat by a
spring. The spring itself is adjacent to an adjusting tube
that pre-stresses the spring against the valve closing el-
ement. For a precise function of the injection valve, the
spring has to push the valve closing element towards
the valve seat with a predetermined preload. For adjust-
ing the preload of the spring, the adjusting tube is
pushed nearer to the closing element step by step. At
each step, the injection valve is opened during a prede-
termined time and the injected amount of fuel is ascer-
tained. If the injected amount of fuel is the same as the
predetermined amount, then the position of the adjust-
ing tube is correct and the adjusting tube is fixed with
the housing of the injection valve. If the injected amount
is too much, the adjusting tube is positioned a step near-
er to the closing element increasing the preload with
which the spring is acting on the closing member. Using
this procedure, the injecting function of the injection
valve is calibrated. After fixing the adjusting tube, the
function of the injection valve is ascertained again. If the
injection function of the injection valve deviates from a
predetermined function, the injection valve cannot be
used as the preload of the spring cannot be adjusted in
such a way that the injection valve injects the predeter-
mined amount of fuel. The faulty injection valve has to
be separated out.

[0002] The US patent 5,967,419 describes a fuel in-
jector with a valve, with a valve seat, with a valve closing
element that is dedicated to the valve seat. The valve
closing element is connected to an armature. The arma-
ture is preloaded by a spring to the valve seat. The
spring is arranged in a tube and adjacent to a spring pin
that is arranged in the tube as well. The spring pin is
press-fit within the tube. The spring normally biases the
armature in a closing direction of the valve.

[0003] The object of the invention is to provide an in-
jection valve with a spring the pre-tension of which could
be changed after fixing the adjusting tube, if a test of the
injection valve shows that the pre-tension of the spring
is not correct.

[0004] A further task of the invention is to provide a
method for adjusting an injection valve with a valve clos-
ing member that is preloaded by a spring towards a
valve seat providing the possibility to adjust the pre-ten-
sion of the spring after a first fixing of an adjusting tube
that pre-tenses the spring towards the valve closing
member.

[0005] The task of the invention is solved by an injec-
tion valve according to claim 1 and by a method for ad-
justing the injection valve according to claim 9.

[0006] A main advantage of the injection valve ac-
cording to claim 1 is that it is possible to adjust the ten-
sion of the spring that biases the valve closing element
in a valve closing position of the valve more precisely.
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By using the upper first adjusting tube, it is possible to
determine the tension of the spring at a first step. How-
ever, if the injection function of the injection valve does
not fulfill predetermined requirements, a second step al-
lows for increasing the tension of the spring using the
second lower adjusting tube. As a result, it is possible
to adjust more injection valves to the predetermined re-
quirements.

[0007] Ina preferred embodiment of the invention, the
first and the second adjusting tubes have different inner
diameters, whereby the lower, second adjusting tube
comprises a smaller diameter than the upper first ad-
justing tube. Using this embodiment, the second adjust-
ing tube can be pushed by means of a pushing tube that
is inserted into the first adjusting tube. The pushing tube
can also be used for supplying fuel to the fuel chamber.
The test and adjusting process is therefore easily car-
ried out.

[0008] In afurther preferred embodiment, the firstand
the second tube are guided within a cylindrical chamber
which has roughly the same inner diameter as the outer
diameter of the first and the second tube. This embodi-
ment provides a precise guiding of the first and the sec-
ond tube. Furthermore, the first and the second tube
could easily be fixed with the wall of the cylindrical cham-
ber by small plastic deformations of the wall, for example
by a crimping process.

[0009] In an advantageous embodiment of the inven-
tion, the first and/or the second tube comprise at the out-
er face circular grooves. The circular grooves support
the fixing to the first and the second tube to the inlet tube
within that they are guided. Using the grooves, a secure
connection between the first and the second tube and
the inlet tube is possible by a small plastic deformation
of the inner diameter of the inlet tube.

Brief description of the drawings

[0010]

Figure 1 is alongitudinal sectional view of an injector
according to an embodiment of the present
invention.

Figure 2  depicts the two stages of the first and the

second tube using the inventive adjusting
procedure.

Detailed description of the preferred embodiments

[0011] A preferred embodiment of an injection valve
according to the present invention will now be described
with reference to the drawings.

[0012] Figure 1 is a schematic view of an injection
valve as it is used for motor vehicle engines. The injec-
tion valve is basically symmetrical to a central axis of
symmetry. Prior to explaining an embodiment of the in-
vention in detail, it is to be understood that the invention
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is not limited in this application to the details of construc-
tion and the arrangements of the components set forth
in the following description or illustrated in the drawings.
The invention is capable of other embodiments and of
being practiced or being carried out in various ways.
[0013] Theinjection valve includes a valve body 7. On
the inside, the valve body 7 has an orifice plate 12 ad-
jacent to a lower end of the valve body 7. The orifice
plate 12 includes an orifice 9. The valve body 7 com-
prises an injection chamber 15, in which a needle 6 is
arranged. The needle 6 is connected by an upper end
with an armature 5. The armature 5 has the shape of a
hollow cylinder that is guided in a support tube 4. The
support tube 4 is fixed to the valve body 7 by a sleeve
body 21. The lower end of the needle 6 comprises a
sealing face 10 that is dedicated to a valve seat 8 of the
orifice plate 12. The valve seat 8 surrounds the orifice 9.
[0014] Adjacent to the armature 5, an inlet tube 1 is
fixed within the support tube 4. Within the inlet tube 1,
a spring 11 is arranged which is biased between the ar-
mature 5 and a second tube 3. The second tube 3 is
fixed in the inner bore of the inlet tube 1. At a given dis-
tance above the second tube 3, a first tube 2 is arranged
as well within the bore of the inlet tube 1. The fixing of
the first and second tube 2, 3 with th e inlet tube 1 is
preferably attained by a plastic deformation of the inlet
tube 1. The first tube 2 is also fixed to the inlet tube 1.
The spring 11 biases the armature 5 and the needle 6
with its sealing face 10 to the valve seat 8 in a closing
position of the valve.

[0015] The support tube 4 is circumvented by a hous-
ing 19, in which a coil assembly 13 is arranged. The coil
assembly 13 is electrically connected with a connector
terminal which is arranged in a connector 14.

[0016] The armature 5 comprises a second ring face
18 that is adjacent to a first ring face 17 of the inlet tube
1. In the closed position of the valve, the first and the
second ring faces 17, 18 are arranged at a given dis-
tance. The injection valve comprises a fuel passage way
16 that guides through the bore of the inlet tube 1, the
bore of the first and the second tube 2, 3, via the spring
11 to a bore 20 of the armature, that is connected to the
injection chamber 15. The inlet tube 1 can be connected
with a fuel supply, delivering fuel to the injection cham-
ber 15.

[0017] The fuel is injected when the coil assembly 13
is energized by a voltage that is applied to the connector
terminal. The energized coil of the coil assembly 13 lifts
the armature 5 up to the first ring face 17 compressing
the spring 11. As a result, the sealing face 10 of the nee-
dle 6 is lifted off the valve seat 8, opening a fluid con-
nection between the injection chamber 15 and the orifice
9. Therefore, fuel is injected by the orifice 9.

[0018] The coil assembly 13 is re-energized to stop
the injection. The result is that the armature 5 is pushed
in the direction of the valve seat 8 by the spring 11, until
the sealing face 10 rests upon the valve seat 8, thereby
disconnecting the fuel chamber 15 from the orifice 9.
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The valve is now in a closed position.

[0019] The first and the second tube 2, 3 are fixed to
the inlet tube 1 by means of a plastic deformation of the
inner diameter of the inlet tube 1. For the plastic defor-
mation, two crimping tools 22 are used which are
pushed against the outer face of the inlet tube 1 at op-
posite sides.

[0020] The inlet tube 1 advantageously comprises an
inner bore 23 that has a greater diameter in an upper
section than in a lower section. The first tube 2 is ar-
ranged partly in the upper and in the lower section of the
inner bore 23. The first tube 2 is fixed within the lower
section of the inlet tube 1.

[0021] The embodiment shown in Figure 1 is an ex-
ample for an injection valve with a spring-preloaded
needle the spring tension of which can be adjusted
twice. After a first step by means of which the tension of
the spring 11 was determined by the position of the first
tube 2, in a second step the tension of the spring 11
could be increased by moving the second tube 3 down
towards the spring 11 and also fixing the second tube 3
to the inlet tube 1. Therefore, the first and the second
tube 2, 3 are arranged at a given distance and the first
and the second tube 2, 3 are fixed to the inlet tube 1.
[0022] Ifthe tension of the spring 11 could be precisely
adjusted in the first step, only the first tube 2 is fixed to
the inlet tube 1 and the second tube 2 is adjacent to the
first tube 2 and not fixed to the inlet tube 1.

[0023] The first tube 2 has an inner diameter D1 that
is greater than a second inner diameter D2 of the second
tube 3. The outer diameters of the first and the second
tube 2, 3 are roughly the same and approximately the
same as the inner diameter of the inlet tube 1 in the sec-
ond section.

[0024] Referring to Figure 2, the inventive procedure
for a precise preloading of the spring 11 will be explained
in the following. The first and the second tubes 2, 3 com-
prise circular grooves at the outer surface which support
the fixing of the first and the second tube by a plastic
deformation of the inlet tube 1. Instead of the circular
grooves, other shapes of grooves or structures could be
used in order to improve the fixing connection.

[0025] Ata first step, a pre-calibration run is operated
and, if required, in a second step a calibration operation
is follows. Basically, the injection valve is a solenoid
valve. Fuel is delivered when the coil assembly 13 is
energized. When the coil assembly 13 is energized, the
armature/needle assembly 5, 6 actually moves up-
wards, pulling the needle 6 of the valve seat 8 to start
an injection of fuel. A bias force is provided by the spring
11 in order to keep the needle 6 on the valve seat 8 and
to prevent an injection in the deenergized condition.
When the injection valve is energized for a short dura-
tion (dynamic flow), the fuel flow through the injection
valve is highly sensitive to the bias force provided by the
spring 11. Therefore, the bias force of the spring 11 is
used in order to calibrate the dynamic flow function of
the injection valve.
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[0026] In Figure 2, the situation for the pre-calibration
process is shown on the left side. At this point of time,
the first and the second tube 2, 3 are free to slide inside
theinlet tube 1 prior to calibration. During the calibration,
arod 24 extends from a manufacturing line into the inlet
tube at a given speed, forcing the first and the second
adjusting tubes 2, 3 down towards the spring 11. The
coil assembly 13 of the injection valve is continually cy-
cled with short pulses of electric energy and the injected
amount of fuel is measured. During the calibration step,
the rod 24 and the first and second tubes 2, 3 are pushed
down step by step. After each step, the position of the
firstand second tube 2, 3 are held and the coil assembly
is energized. The injected amount of fuel is measured.
When the injected amount of fuel is roughly the same
as a predetermined amount of fuel, the first tube 2 is
locked in its position by a mechanical deformation of the
inner diameter of the inlet tube 1. For the mechanical
deformation, crimping tools 22 are used in order to de-
form the outer and the inner diameter of the inner tube
1. It is possible that by the crimping process the ideal
position of the first tube 2 is changed. This results in an
undesired dynamic injection function of the injection
valve.

[0027] During the crimping process, material of the in-
let tube 1 is forced to flow into the grooves of the first
adjusting tube 2. As the inlet tube 1 material flows into
notches of the first adjusting tube, an actual force is cre-
ated. The actual force may move the first tube 2, chang-
ing the preload of the spring 11.

[0028] After the crimping operation the injection valve
is submitted to a post-calibration run for a final flow-
check. If the injected fuel in the final flow-check is out-
side a required specification, a second calibration step
is carried out. If in the final check the injection valve in-
jects too much fuel during the injection phase, a second
adjusting tool 25 is used to move down the second tube
3 step by step. The second tool 25 is a pipe that has an
outer diameter that is smaller than the inner diameter of
the first tube 2 and a larger diameter than the inner di-
ameter of the second tube 3. With the second tool 25,
the second tube 3 is pushed down towards the armature
5. The inner bore of the second tool 25 is used to supply
fuel to the fuel chamber that is needed for the injection.
At each step, the injection valve is opened and the in-
jected amount of fuel is measured and compared with
a predetermined range of the specification. If the inject-
ed amount of fuel is not within the predetermined range,
the second tube 3 is pushed down a further step to the
spring 11. Then, the injection valve is opened again, the
injected amount of fuel is measured and compared with
the predetermined range. If the injected amount of fuel
is within the predetermined range of the specification,
the second tube 3 is fixed to the inlet tube 1 by a crimping
process by means of crimping tools 22.

[0029] In this position, there is a distance D between
the lower end of the first tube 2 and the upper and of the
second tube 3. Now the second tube 3 determines the
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tension of the spring 11 and the preload of the needle 6
against the valve seat 8. The first and the second tube
2, 3 can be made of copper alloy. Instead of the de-
scribed process for fixing the adjusting tubes 2, 3 to the
inlet tube 1, the adjusting tubes 2, 3 could be welded,
swaged or glued to the inlet tube 1. The inlet tube 1 could
be realized as a welded tube, a seamless welded tube
or a tube formed from a rolled thin sheet. It could be a
flanged or a dished part, an extruded part, a press-
forged part or a machined part from a solid rod. The inlet
tube could have different material thickness along the
body.

Claims

1. Injection valve with a housing, in which an injection
chamber (15) is arranged, the injection chamber
(15) being connected with a fuel line, the injection
chamber (15) comprising a valve with a valve seat
(8) and a valve closing element (6) that is dedicated
to the valve seat (8), whereby an actor (5, 13) is
arranged in the housing, that is usable for moving
the valve closing element (6) to close or to open the
valve, whereby a spring (11) that is arranged be-
tween the valve closing element (6) and a first tube
(2), whereby the first tube (2) is arranged within an
inlet tube (1), whereby the first tube (2) is fixed to
the inlet tube (1),
characterized in that a second tube (3) is arranged
between the spring (11) and the first tube (2), and
that the second tube (3) is adjacent to a lower end
of the spring (11).

2. Injection valve according to claim 1, characterized
in that the second tube (3) comprises a face with
which the second tube (3) is movable in the direc-
tion of the spring (11), that the second tube (3) has
a smaller inner diameter than the first tube (2) and
that the face is a ring face of an upper end of the
second tube (3).

3. Injection valve according to claim 1 or 2, character-
ized in that an outer diameter of the first and sec-
ond tube (2, 3) is roughly the same as an inner di-
ameter of the inlet tube (1) guiding the first tube and
the second tube (2, 3) in one direction.

4. |Injection valve according to any one of the claims 1
to 3, characterized in that the inlet tube (1) can be
used for delivering fuel to the injection chamber
(15).

5. Injection valve according to any one of the claims 1
to 4, characterized in that the second tube (3) is
arranged at a given distance to the first tube (2),
that the second tube (3) is fixed to the inlet tube (1)
and that the second tube stresses (3) the spring
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(11).

Injection valve according to any one of the claims 1
to 5, characterized in that the first and/or second
tube (2, 3) comprise grooves (21) at an outer face.

Injection valve according to any one of the claims 4
to 6, characterized in that the first and/or the sec-
ond tube (2, 3) are fixed to the inlet tube (1) by a
plastic deformation of the inlet tube (1).

Injection valve according to any one of the claims 4
to 7, characterized in that the inlet tube (1) has a
first section with a greater inner diameter and a sec-
ond section with a smaller inner diameter, and that
the second section is arranged downstream of the
fuel flow, that the second tube (3) is arranged in the
second section, and that the first tube (2) is partly
arranged in the second and in the first section.

Method for adjusting an injection function of a fuel
injection valve with an actor (5, 13), a valve closing
member (6), a spring (11) stressing the valve clos-
ing member (6) onto a valve seat (8) of an injection
chamber (15), whereby the spring (11) is stressed
by two tubes (2, 3) that are movably arranged one
behind the other in an inlet tube (1), whereby fuel is
delivered to the injection chamber (15) over the inlet
tube, whereby the two tubes (2, 3) are moved in giv-
en steps nearer to the spring (11) increasing the
preload of the spring (11), whereby after each step,
the actor (5, 13) of the valve is activated for a given
time to open the valve against the preload of the
spring (11), whereby after each injection the inject-
ed amount of fuel is checked, the injected amount
of fuel is compared with a given amount and the
process is stopped, if the amount injected by the
valve is the same as the predetermined amount and
the upper tube (2) is fixed to the inlet tube (1),

Whereby in a second process fuel is delivered to
the injection chamber (15), whereby the actor of the
valve is activated for a given time to lift the valve
closing member (6) off the valve seat (8) against the
preload of the spring (11), whereby after the injec-
tion the injected amount of fuel is checked, the in-
jected amount of fuel is compared with a given
amount and the process is stopped if the injected
amount of fuel is the same as the given amount,
whereby the process is proceeded if the injected
amount is not the same as the given amount,
whereby the lower tube (3) is moved in given steps
nearer to the spring increasing the preload of the
spring (11), whereby after each step, the actor (13,
5) of the valve is activated for a given time to lift the
valve closing member (6) off the valve seat (8)
against the preload of the spring (11), whereby after
each injection the injected amount of fuel is
checked, whereby the injected amount of fuel is

10

15

20

25

30

35

40

45

50

55

10.

compared with a given amount and the process is
stopped and the nearer tube is fixed with the inlet
tube (1), if the amount injected by the valve is the
same as the predetermined amount.

Method according to claim 9, characterized in that
the first or second tube (2, 3) are fixed to the inlet
tube (1) by plastically deforming the inlet tube (1),
narrowing the inner diameter of the inlet tube (1).

Amended claims in accordance with Rule 86(2) EPC

1.

Injection valve with a housing, in which an injection
chamber (15) is arranged, the injection chamber
(15) being connected with a fuel line, the injection
chamber (15) comprising a valve with a valve seat
(8) and a valve closing element (6) that is dedicated
to the valve seat (8), whereby an actor (5, 13) is
arranged in the housing, that is usable for moving
the valve closing element (6) to close or to open the
valve, whereby a spring (11) that is arranged be-
tween the valve closing element (6) and a first tube
(2), whereby the first tube (2) is arranged within an
inlet tube (1), whereby the first tube (2) is fixed to
the inlet tube (1), whereby a second tube (3) is ar-
rabged between the spring (11) and the first tube
),

characterized in that the second tube (3) compris-
es a face with which the second tube (3) is movable
in the direction of the spring (11), that the second
tube (3) has a smaller inner diameter than the first
tube (2) and that the face is a ring face of an upper
end of the second tube (3).

Injection valve according to claim 1, characterized
in that an outer diameter of the first and second
tube (2, 3) is roughly the same as an inner diameter
of the inlet tube (1) guiding the first tube and the
second tube (2, 3) in one direction.

Injection valve according to any one of the claims 1
or 2, characterized in that the inlet tube (1) can be
used for delivering fuel to the injection chamber
(15).

Injection valve according to any one of the claims 1
to 3, characterized in that the second tube (3) is
arranged at a given distance to the fisrt tube (2),
that the second tube (3) is fixed to the inlet tube (1)
and that the second tube stresses (3) the spring

(11).
Injection valve according to any one of the claims 1
to 4, characterized in that the fisrt and/or second

tube (2, 3) comprise grooves (21) at an outer face.

Injection valve according to any one of the claims 3
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to 5, characterized in that the fisrt and/or the sec-
ond tube (2, 3) are fixed to the inlet tube (1) by a
plastic deformation of the inlet tube (1).

Injection valve according to any one of the claims 3
to 6, characterized in that the inlet tube (1) has a
first section with a greater inner diameter and a sec-
ond section with a smaller inner diameter, and that
the second section is arranged downstream of the
fuel flow, that the second tube (3) is arranged in the
second section, and that the first tube (2) is partly
arranged in the second and in the first section.

Method for adjusting an injection function of a fuel
injection valve comprising an actor (5, 13), a valve
closing member (6), a spring (11) stressing the
valve closing member (6) onto a valve seat (8) of
an injection chamber (15), whereby the spring (11)
is stressed by a first and a second tube (2, 3) that
are movably arranged one behind the other in an
inlet tube (1), said method comprising:

a first calibration process,

- whereby fuel is delivered to said injection
chamber (15) over said inlet tube (1),

- whereby said first and second tube (2, 3)
are moved in given steps nearer to the
spring (11) increasing the preload of said
spring (11),

- whereby after each step, said actor (5, 13)
of said valve is activated for a given time to
open said valve against the preload of said
spring (11),

- whereby after each injection the injected
amount of fuel is checked, said injected
amount of fuel is compared with a prede-
termined amount,

- and if said amount injected by said valve is
the same as said predetermined amount,
then said first calibration process is
stopped and said first tube (2) is fixed to
said inlet tube (1),

and a second calibration process,

- whereby fuel is delivered to said injection
chamber (15),

- whereby said actor (5, 13) of said valve is
activated for a given time to lift said valve
closing member (6) off said valve seat (8)
against the preload of said spring (11),

- whereby after the injection the injected
amount of fuel is checked, said injected
amount of fuel is compared with a prede-
terminded amount,

- and if said amount injected by said valve is
the same as the predeterminded amount,
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then said second calibration process is
stopped, if said amount injected is not the
same as said predeterminded amount,
said second calibration process is pro-
ceeded,

- whereby said second tube (3) is moved in
given steps nearer to the spring increasing
the preload of said spring (11),

- whereby after each step, said actor (13, 5)
of said valve is activated for a given time to
lift said valve closing member (6) off said
valve seat (8) against the preload of said
spring (11),

- whereby after each injection the injected
amount of fuel is checked, said injected
amount of fuel is compared with a prede-
termined amount,

- and if said amount injected by said valve is
the same as said predetermined amount,
then said second calibration process is
stopped and said second tube (3) is fixed
to said inlet tube (1).

Method according to claim 8, characterized in that
the first or second tube (2, 3) are fixed to the inlet
tube (1) by plastically deforming the inlet tube (1),
narrowing the inner diameter of the inlet tube (1).
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