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Control unit to control a valve pin of a fuel injector, fuel injector and method to provide a

control valve unit

The invention relates to a control unit (18) to

control a valve pin (12) of a fuel injector (10), wherein a
spring (44) biasing a valve cluster (38) of a valve assem-
bly (34) onto a valve seat (42) is arranged in a low pres-

sure area (52) of the control unit (18). Further, the inven-
tion relates to a corresponding fuel injector (10) compris-
ing the control unit (18) as well as to a method to provide
a control valve unit (32) of the control unit (18).
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Description

[0001] The invention relates to a control unit to control
a valve pin of a fuel injector, a fuel injector which com-
prises that control unit and a method to provide a control
valve unit being part of the control unit.

[0002] Control units to control a valve pin of a fuel in-
jector and corresponding fuel injectors are known from
the prior art and are for example described in US 8 459
232 B2 or EP 2 394 048 B1.

[0003] The known control units comprise controlcham-
bers which exert a pressure force onto a control piston,
wherein the control piston actuates a valve pin in order
to open outlet nozzles being blocked by the valve pin.
Due to this opening fuel can be injected through the noz-
zles into a combustion chamber.

[0004] The pressure force which is exerted onto the
control piston depends on the pressure in the control
chamber. This pressure in the control chamber is de-
pending on the sum of the amount of pressurized fuel
being insertedinto the control chamber via aninlet throttle
and the amount of fuel being discharged from the control
chamber via an outlet throttle.

[0005] Thereby, the amountoffuel which is discharged
from the control chamber is controlled by a control valve
unit being located in a flow direction of the fuel leaving
the control chamber downstream the outlet throttle.
[0006] This control valve unit comprises a valve as-
sembly located in a valve chamber which blocks the flow
of the fuel into a valve piston chamber when the valve
assembily is in its closed position. A spring is provided in
the valve chamber which holds the valve assembly in its
closed position as long as a valve piston located in the
valve piston chamber is not exerting a force onto the valve
assembly in order to open the valve assembly.

[0007] Duetoaconnection ofthe valve piston chamber
to the ambient atmosphere a low pressure in the range
of 5 bar to 30 bar prevails in the valve piston chamber.
Different to this in the valve chamber a high pressure of
about 1800 bar to 2200 bar prevails.

[0008] Further, due to the outletthrottle being operated
as a cavitating throttle structural elements coming in con-
tact with cavitating bubbles are exposed to cavitations
erosion.

[0009] In the control valve units according to the prior
art cavitation erosion and damage of parts due to cavi-
tation is a serious problem faced by control valve units
to be used in diesel injectors where high pressure of the
fuel is necessary. Due to the high intensity of the cavita-
tion a spring of the control valve unit is often damaged.
This can lead to malfunctioning of the control valve unit
as a whole.

[0010] This problem until now was solved by providing
an additional volume between the valve chamber and
the outlet throttle, wherein this volume comprises at its
upper portion a dome-like shape next to the exit to the
valve chamber, wherein the additional volume and the
dome are located lateral to the valve chamber. The fuel
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is channelized from the dome shape of the outlet throttle
into the valve chamber which helps reducing the cavita-
tion damage on the spring in the valve chamber. This
design leads to cavitation damage on the dome shape
itself.

[0011] Object of the invention is to provide an alterna-
tive control unit comprising a control valve unit with which
a cavitation damage of the spring can be avoided.
[0012] This objectit attained with a control unit with the
feature combination of claim 1.

[0013] A fuel injector comprising this control unit and
a method to provide a control valve unit to be used in the
control unit are subject-matter of further independent
claims.

[0014] Preferred embodiments of the invention are
subject-matter of the dependent claims.

[0015] A control unit to control to control a valve pin of
a fuel injector comprises a control chamber to exert a
predefined pressure force onto a control piston to move
the valve pin with a predefined stroke, and a control valve
unit to control the pressure force exerted by the control
chamber. The control valve unit comprises a high pres-
sure area and a low pressure area being connected to
each other via a connecting channel. The control valve
unit further comprises a valve assembly to block and un-
block the connecting channel upon actuation of the valve
assembly. In the high pressure area a valve chamber is
arranged comprising a valve seat and a valve cluster of
the valve assembly. In the low pressure area a valve
piston chamber is arranged comprising a valve body of
the valve assembly and a valve piston to actuate the valve
assembly. A spring is provided to bias the valve cluster
onto the valve seat, wherein the spring is arranged in the
valve piston chamber in the low pressure area.

[0016] The pressure prevailing in the valve chamber
is in a high pressure regime between 1800 bar and 2200
bar, wherein the pressure in the low pressure areais near
ambient, in particular between 10 bar and 30 bar.
[0017] Different to the known control valve units now
the spring, which holds the valve assembly in its closed
position as long as no opening pressure force of the valve
piston is exerted onto the valve assembly, is not located
anymore in the high pressure area, i.e. in the valve cham-
ber, but in the low pressure area, i.e. in the valve piston
chamber where the valve piston is arranged.

[0018] Therefore, cavitation erosion of the spring can
be reduced as downstream the valve, where the pressure
is below the valve chamber pressure, the cavitation bub-
ble collapse probability is reduced, which helps in mini-
mizing the cavitation erosion of the spring.

[0019] The cavitation bubble collapse is less probable
as the external pressure on the bubble is much lower in
the low pressure area than in the high pressure area.
[0020] In a preferred embodiment the spring is a coil
spring, in particular a tension coil spring, which defines
a hollow space, where the valve body can extend
through. Therefore, using a coil spring, the available
space in the fuel injector can be preferably used to fuel
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capacity.

[0021] In preferred embodiment the control valve unit
is located in a housing comprising a bore to form the
valve piston chamber, the bore having an end wall locat-
ed adjoining to the connecting channel, wherein the
spring is supported by the end wall. With this preferred
arrangement the end wall of the valve piston chamber
can preferably fulfill a plurality of functions. A first pre-
ferred function is to define the valve piston chamber, a
second preferred function is to provide a further valve
seat in the case the valve body comprises a valve bulb
to act together with the valve seat and a third preferred
function is to provide the support for the spring. There-
fore, additional elements in the control valve unit to pro-
vide a support for the spring can preferably be avoided.
[0022] In a further preferred embodiment the valve
body comprises and end portion located adjoining to the
valve piston, wherein a flange assembly is arranged at
the end portion and comprises a flange extending away
from the end portion in a perpendicular direction relative
to an extension axis of the valve body.

[0023] Such a flange assembly preferably provides a
second support for the spring.

[0024] Inapreferred embodimenttheflange assembly,
which comprises the spring, is mounted to the valve body
by welding and/or snap-fitting and/or press-fitting and/or
screwing in order to attain a preferred secure assembly
of the valve body and the flange assembly.

[0025] Preferably the flange assembly is arranged at
an upper end of the valve body where the valve piston
is arranged to come in contact with the valve body.
[0026] The flange assembly preferably comprises a
central bore where the valve body can be inserted, for
example to attain a press fit or a screwing connection.
[0027] The assembly of the valve body and the flange
assembly by welding and/or snap-fitting and/or press-
fitting and/or screwing can preferably create a pretension
in the spring and can ensure that the valve body is always
in the closed position unless an external force applied by
the valve piston overcomes the spring force.

[0028] In a preferred embodiment the spring compris-
es a spring end opposite to the end wall of the valve
piston chamber, wherein the spring end being mounted
to the flange assembly. By mounting the spring to the
flange assembly the preferred contact and support be-
tween the flange assembly and the spring can be real-
ized.

[0029] The spring preferably comprises a tapered
shape, such that the flow of the fuel flowing alongside
the spring can be preferably guided in a controlled man-
ner, for example to attain a smooth flow profile with a
preferably minimized interaction of a fluid jet with the
spring.

[0030] In a preferred embodiment the spring with a ta-
pered shape has its largest diameter at a first end portion
of the valve body which is located opposite to the valve
cluster. Therefore, this spring has preferably its smallest
diameter at a second end portion of the valve body at the
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valve cluster. Hence, the tapered spring has a larger di-
ameter near to the valve seat and a smaller diameter
towards the tail of the valve body which preferably leads
to a better guidance of the fuel alongside the spring.
[0031] Ina preferred embodiment the control unit com-
prises an outlet throttle which is arranged between the
control chamber and the valve chamber, wherein the out-
let throttle is in direct contact with the valve chamber.
[0032] This means thatthere is preferably arranged no
additional element between the valve chamber and the
outlet throttle as it was the case for example at the dome
like end portion of the prior art. Therefore, a more or less
symmetric flow in the valve chamber and also alongside
the valve assembly can preferably be attained. Thereby,
additional radial forces which could act in a negative way
at the valve body and the valve spring can preferably be
avoided.

[0033] In a preferred embodiment the diameter of the
valve chamber is larger than an extension length of the
valve chamber parallel to an extension axis of the valve
body. In existing arrangements, where the spring was
provided in the valve chamber, the valve chamber had
to be have a larger extension length than a diameter in
order to provide a sufficient spring stroke. Now, as the
spring is not located anymore in the valve chamber, the
volume of the valve chamber can be optimized such that
cavitation wear at elements located in the valve chamber
can preferably be reduced. The smaller the volume of
the valve chamber the smaller is the probability of the
cavitation bubble collapse and therefore the cavitation
wear.

[0034] Ina preferred embodiment the valve body com-
prises and extension axis, wherein a diameter ofthe valve
body around the extension axis is continuously increas-
ing along the extension axis from the valve cluster to an
end portion opposite the valve cluster. In known arrange-
ments the valve body comprises usually a step or a bulb
in order to provide a second valve seat in the area of the
valve piston chamber. This step or bulb can create an
obstruction to the fuel flow. By providing the valve body
with a continuously increasing diameter a step or bulb
can preferably be avoided and a preferred smooth flow
of the fuel in the valve piston chamber can be attained.
[0035] A fuel injector comprises a valve pin to open
and close at least one injecting nozzle of the fuel injector,
wherein the fuel injector further comprises a control unit
as described above.

[0036] In a method to provide a control valve unit to
control a pressure force exerted by a control chamber
onto a control piston to move a valve pin of a fuel injector
first a valve assembly with a valve body and a valve clus-
ter is provided. Additionally, a flange assembly with a
central bore and a spring mounted on a circumferential
area of the flange assembly is provided. Moreover a
housing is provided having bores to form a valve cham-
ber, a connecting chamber and a valve piston chamber.
Additionally, a dummy block is provided comprising a di-
ameter corresponding to a diameter of the valve cluster.
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After providing the above mentioned elements, the dum-
my block is arranged in the valve chamber, the valve
assembly is arranged on top of the dummy block such
that the valve cluster is in contact with the dummy block
and such that the valve body extends into the piston
chamber, and the flange assembly is arranged on top of
the valve body such that the valve body is in contact with
a wall area of the central bore. After arranging all ele-
ments as described, the flange assembly is fixed to the
valve body by welding, press-fitting, snap-fitting and/or
screwing.

[0037] In this method the dummy block is preferably
provided to avoid damage of a valve seat or the valve
cluster when force is applied in order to press-fit, screw,
or snap-fit the flange assembly onto the valve body.
[0038] Preferable embodiments of the invention are
described with reference to the accompanying drawings,
wherein

fig. 1 shows a fuel injector according to the prior art;

fig. 2  shows a control unit with a control valve unit ac-
cording to the prior art, which is used in a fuel
injector according to fig. 1;

fig. 3  showsanalternative control valve unitaccording
to the prior art, which can be used in the fuel
injector of fig. 1;

fig. 4  shows a first embodiment of a control valve unit
according to the invention, which can be used
in a fuel injector according to fig. 1;

fig. 5 shows a second embodiment of a control valve
unit according to the invention, which can be
used in a fuel injector of fig. 1;

fig. 6  shows a flow path through the control valve unit
of fig. 5;

fig. 7 shows the flow path through the control valve
unit according to fig. 3;

fig. 8  shows the stiffness of a valve body when used
in a control valve unit according to fig. 4 or fig. 5;

fig. 9  shows the stiffness of a valve piston when used
in a control valve unit according to fig. 4 or fig. 5

[0039] Fig. 1 shows a fuel injector 10 comprising a

valve pin 12, which opens and closes injecting nozzles
14 through which fuel 16 can be injected into a combus-
tion chamber (not shown).

[0040] Further, the fuel injector 10 comprises a control
unit 18 with which the opening of the valve pin 12 can be
controlled.

[0041] A control unit 18 according to the prior art is
shown in fig. 2 and its general functionality and general
assembly is described in the following.

[0042] The controlunit 18 comprises a control chamber
20 in which a high pressure prevails in order to exert a
pressure force onto a control piston 22 which actuates
the valve pin 12. In case the pressure prevailing in the
control chamber 20 exceeds a predefined pressure
threshold the control piston 22 is actuated downwards
with the result that the valve pin 12 is held in its closed
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position. As soon as the pressure prevailing in the control
chamber 20 falls below the predefined pressure thresh-
old the control piston 22 is released such that the valve
pin 12 opens the injecting nozzles 14 and fuel 16 is in-
jected into the combustion chamber.

[0043] Besides the control chamber 20 the control unit
18 comprises an inlet conduct 24 with an inlet throttle 26
with which a high pressure fuel 16 is supplied to the con-
trol chamber 20.

[0044] Further, the control unit 18 comprises an outlet
conduct 28 with an outlet throttle 30 through which fuel
16 is discharged from the control chamber 20.

[0045] In order to control the pressure of the fuel 16 in
the control chamber 20, in the outlet conduct 28 a control
valve unit 32 is arranged.

[0046] The control valve unit 32 comprises a valve as-
sembly 34 with a valve body 36 and a valve cluster 38.
The valve assembly 34 is arranged in a valve chamber
40 which is located downstream the outlet throttle 30 and
in which a high pressure prevails.

[0047] The valve cluster 38 acts together with a valve
seat 42 formed in the valve chamber 40 in order to close
the outlet conduct 28. The valve cluster 38 is biased to
the valve seat 42 by a spring 44 to its closed position,
wherein the spring 44 in the prior art is also located in
the valve chamber 40.

[0048] In order to open the valve assembly 34 a valve
piston 46 located downstream the valve assembly 34 in
a valve piston chamber 48 exerts a pressure force onto
the valve cluster 38 against the biasing force of the spring
44 such that the valve cluster 38 is released from the
valve seat 42 and opens the valve chamber 40 such the
fuel 16 can flow into the valve piston chamber 48. In the
valve piston chamber 48, which is connected to the out-
side environment, a low pressure or almost ambient pres-
sure prevails. Therefore, the control unit 18 comprises
high pressure area 58 constituted by the inlet conduct
24, the control chamber 24 and the outlet conduct 28 with
the valve chamber 40, and a low pressure area 52 con-
stituted by the valve piston chamber 48. The high pres-
sure area 50 and the low pressure area 52 are connected
to each other via a connecting channel 54 which is to be
closed by the valve cluster 38.

[0049] The outlet throttle 30 is usually operated as a
cavitating throttle 56 such that cavitating bubbles develop
and enter the valve chamber 40 where the bubbles col-
lapse resulting in a collapsing impulse acting on the el-
ements arranged in the valve chamber 40. Therefore,
the elements in the valve chamber 40, in particular the
spring 44, are exposed to the so-called cavitation corro-
sion and get damaged over the time.

[0050] In a first prior art attempt to avoid cavitation
damage on the spring 44, shown in fig. 3, an outlet con-
duct 28 was provided located lateral to the valve chamber
40 and comprising a dome shaped end portion 58. With
this arrangement of the prior art, shown infig. 3, cavitation
bubbles are collected in the dome shaped end portion
58 of the outlet conduct 28 and therefore do not result in
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cavitation damage on the spring 44. In this first attempt
to solve the cavitation damage problem of the spring 44
there is the disadvantage that cavitation damage now
occurs at the dome shape end portion 58 and further the
flow of the fuel 16 is flowing to the valve chamber 40
through a bend 60. This can result in additional pressure
loss and also in radial forces acting on the spring 44 and
the valve body 36.

[0051] Therefore, adifferentapproachto solve the cav-
itation damage problem on the spring 44 is now proposed
by a control unit 18 shown in fig. 4, which can be used
in a fuel injector 10 shown in fig. 1.

[0052] Different to the known arrangements shown in
fig. 2 and fig. 3 in the new approach the spring 44 is not
located in the high pressure area 50 of the valve chamber
40, but in the low pressure area 52 in the valve piston
chamber 48.

[0053] A support 62 of the spring 44 is provided by an
end wall 64 of the valve piston chamber 48, which is
formed in a housing 66 by a bore 68.

[0054] Therefore, the spring 44 extends into the valve
piston chamber 48 from the end wall 64 into the direction
of the valve piston 46. The spring 44 is formed as a ten-
sion spring 70 with a hollow space 72, where the valve
body 36 is arranged. Therefore, also the valve body 36
is not located anymore in the valve chamber 40, but in
the valve piston chamber 48.

[0055] Due to this arrangement, the volume of the
valve chamber 40 can be adapted to the fact that less
elements have to be accommodated therein. Hence, the
valve chamber 40 can be formed smaller, i.e. with a short-
er extension length 74 parallel to an extension axis 76 of
the valve body 36. A diameter 78 is therefore larger than
the extension length 74. Due to this smaller volume of
the valve chamber 40 cavitation wear on the housing 66,
in particular a throttle plate 80 in which the outlet throttle
30 is located, can be reduced.

[0056] Further, a dome shaped end portion 58 of the
outlet conduct 28 and a lateral arrangement of the outlet
conduct 28 relative to the valve chamber 40 can be avoid-
ed and a direct connection of the outlet conduct 28 and
the valve chamber 40 is possible. This results in a sym-
metric flow of fuel 16 in the valve chamber 40 and radial
forces can additionally be avoided. A uniform force dis-
tribution on the valve body 36 can be realized and there-
fore a smoother operation is possible. Further, the direct
connection of the outlet conduct 28 and the valve cham-
ber 40 results in a smooth transition in diameter avoiding
steps and therefore obstruction in the flow of the fuel 16.
[0057] Moreover a cost benefit can be achieved as the
arrangement according to fig. 4 compared to the arrange-
ment of fig. 3 is much simpler to manufacture with mini-
mum features.

[0058] As can be further seen in fig. 4, the valve body
36 comprises an end portion 82, which is located adjoin-
ing to the valve piston 46 and comes in contact with the
valve piston 46 when the valve piston 46 actuates the
valve assembly 34. At this end portion 82 a flange as-
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sembly 84 is arranged, for example by press-fitting, snap-
fitting, welding or screwing of the valve body 36 to the
flange assembly 84. Therefore, the flange assembly 84
comprises a central bore 86 into which the valve body
36 can be inserted with its end portion 82. The assembly
of the flange assembly 84 and the valve body 36 results
in a flange 88 extending away from the end portion 82 in
a perpendicular direction. The flange 88 serves as a sec-
ond supportfor the spring 44. To provide a secure support
for the spring 44. The spring 44 is mounted to the flange
assembly 84 with a spring end 90 opposite to the end
wall 64 of the valve piston chamber 48.

[0059] Inthe embodiment shown in fig. 4 the spring 44
comprises a cylindrical shape. In fig. 5 an alternative em-
bodiment is shown where the spring 44 comprises a ta-
pered shape 92. The diameter 94 of the spring 44 is larg-
est next to the end wall 64 of the valve chamber 40, i.e.
at a first end portion 96 of the valve body 36 arranged in
direct contact with the valve cluster 38.

[0060] Due to the tapered or conical shape 92 the
spring 44 provides a good guidance for the valve body
36 on the one hand and on the other hand provides a
smooth flow from the connecting channel 54 to the valve
piston chamber 48 with no obstructing interaction with
the spring 44.

[0061] A smooth flow of fuel 16 can further be support-
ed if a diameter 98 of the valve body 36 either is constant
over the extension axis 76 of the body 36 as shown in
fig. 5, or comprises a smooth and continuously increase
along the extension axis 76 from the first end portion 96
of the valve body 36 to a second end portion 100 of the
valve body 36, which is arranged opposite to the valve
cluster 38. The embodiment shown in fig. 4 shows a step
102 on a valve body 36 which can act together with the
end wall 64 as a second valve seat 104. But due to the
step 102 a slight obstruction to the flow of the fuel 16
results which can be made smoother if the diameter 98
of the valve body 36 increases continuously instead of
providing the step 102.

[0062] Fig. 5 shows how the valve assembly 34 can
be arranged in the control unit 18.

[0063] First the single elements are provided, i.e. the
valve assembly 34 with the valve body 36 and the valve
cluster 38 is provided. Further, the flange assembly 84
is provided which comprises the central bore 38, wherein
the spring 44 is mounted onto the flange assembly 84 on
a circumferential area 106 of the flange assembly 84.
The housing 66 is provided with bores 68 to form on the
one hand the valve chamber 40 and the connecting chan-
nel 44 and on the other hand the valve piston chamber
48. Additionally a dummy block 108 is provided, which
comprises a diameter 110 corresponding to a diameter
112 of the valve cluster 38.

[0064] After providing all these single elements the
dummy block 108 is arranged in the valve chamber 40
and the valve assembly 34 is arranged on top of the dum-
my block 108 such that the valve cluster 38 is in direct
contact with the dummy block 108 and is supported by
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the dummy block 108. The valve body 36 extends from
the valve cluster 38 in the valve chamber 40 through the
connecting channel 54 into the valve piston chamber 48.
[0065] After arranging the dummy block 108 and the
valve assembly 34 the flange assembly 84 is placed on
top of the valve body 36 in the area of the end portion 82
such that the central bore 86 is in contact with the end
portion 82. As the spring 44 is already mounted to the
flange assembly 84 it surrounds the valve body 36.
[0066] Fixing of the flange assembly 84 to the valve
body 36 can be carried out by press-fitting as indicating
by the arrows 114 representing the pressing force 114.
Alternatively the flange assembly 84 can also be mount-
ed to the valve body 36 by snap-fitting, screwing or weld-
ing. Due to the force 114 acting on to the whole assembly
during mounting of the flange assembly 84 and the valve
body 36 together, the dummy block 108 is provided in
order to avoid a damage on the valve seat 42. After as-
sembly the dummy block 108 is removed.

[0067] Fig. 6 and fig. 7 show a comparison of the flow
of the fuel 16 through the arrangement as shown in fig.
4 compared to the arrangement of the prior art comprising
the dome shape end portion 58 on the outlet conduct 28.
As can be seen, a symmetric flow of the fuel 16 can be
achieved in the arrangement according to fig. 6, whereas
in the arrangement according to fig. 7, where a constric-
tion 116 and the bend 60 are obstructing the flow of the
fuel 16, a radial force is acting on the spring 44 and the
valve body 36.

[0068] Fig. 8 and fig. 9 show the axial load 118 acting
on the valve assembly 34 and the valve piston chamber
48, respectively.

[0069] Boththe valve assembly 34 and the valve piston
46 comprise a stiffness acting against this axial load 118.
It was observed that the total stiffness, i.e. the stiffness
sum of the valve assembly 34 and the valve piston 46 is
about 20 % higher than the stiffness sum in the arrange-
ments of the prior art according to fig.2 and fig.3.

List of reference numerals
[0070]

10 fuel injector

12 valve pin

14 injector nozzle
16 fuel

18 control unit

20 control chamber
22 control piston
24 inlet conduct

26 inlet throttle

28 outlet conduct
30 outlet throttle

32 control valve unit
34 valve assembly
36 valve body

38 valve cluster
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40 valve chamber

42 valve seat

44 spring

46 valve piston

48 valve piston chamber

50 high pressure area

52 low pressure area

54 connecting channel

56 cavitating throttle

58 dome shaped end portion

60 bend
62 support
64 end wall
66 housing
68 bore

70 tension spring

72 hollow space

74 extension length

76 extension axis

78 diameter (valve chamber)
80 throttle plate

82 end portion (valve body)
84 flange assembly

86 central bore

88 flange

90 spring end

92 tapered shape

94 diameter (spring)

96 first end portion

98 diameter (valve body)

100 second end portion

102 step

104  second valve seat

106  circumferential area
108  dummy block

110  diameter (dummy block)
112  diameter (valve cluster)
114  pressing force

116  constriction

118  axial load

Claims

1. Control unit (18) to control a valve pin (12) of a fuel
injector (10),
the control unit (18) comprising a control chamber
(20) to exert a predefined pressure force onto a con-
trol piston (22) to move the valve pin (12) with a pre-
defined stroke, and a control valve unit (32) to control
the pressure force exerted by the control chamber
(20),
the control valve unit (32) comprising a high pressure
area (50) and a low pressure area (52) being con-
nected to each other via a connecting channel (54),
the control valve unit (32) further comprising a valve
assembly(34) to block and unblock the connecting
channel (54) upon actuation of the valve assem-
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bly(34),

wherein in the high pressure area (50) a valve cham-
ber (40) is arranged comprising a valve seat (42) and
a valve cluster (38) of the valve assembly (34),
wherein in the low pressure area (52) a valve piston
chamber (48) is arranged comprising a valve body
(36) of the valve assembly (34) and a valve piston
(46) to actuate the valve assembly (34),

wherein a spring (44) is provided to bias the valve
cluster (38) onto the valve seat (42), wherein the
spring (44) is arranged in the valve piston chamber
(48) in the low pressure area (52).

Control unit (18) according to claim 1,
characterized in that the control valve unit (32) is
located in a housing (66) comprising a bore (68) to
form the valve piston chamber (48), the bore (68)
having an end wall (64) located adjoining to the con-
necting channel (54), wherein the spring (44) is sup-
ported by the end wall (64).

Control unit (18) according to one of the claims 1 or
2, wherein the valve body (36) comprises an end
portion (82) located adjoining to the valve piston (46),
wherein a flange assembly (84) is arranged at the
end portion (82) and comprises a flange (88) extend-
ing away from the end portion (96) in a perpendicular
direction relative to an extension axis (76) of the
valve body (36).

Control unit (18) according to claim 2 and 3, char-
acterized in that the spring (44) comprises a spring
end (90) opposite to the end wall (64), the spring end
(90) being mounted to the flange assembly (84).

Control unit (18) according to one of the claims 1 to
4, characterized in that the spring (44) comprises
a tapered shape (92), the spring (44) in particular
having its largest diameter (94) at a first end portion
(96) of the valve body (36) next to the valve cluster
(38).

Control unit (18) according to one of the claims 1 to
5, characterized in that an outlet throttle (30) is ar-
ranged between the control chamber (20) and the
valve chamber (40), wherein the outlet throttle (30)
is in direct contact with the valve chamber(40).

Control unit (18) according to one of the claims 1 to
6, characterized in that a diameter (78) of the valve
chamber (40) is larger than an extension length (74)
of the valve chamber (40) parallel to an extension
axis (76) of the valve body (36).

Control unit (18) according to one of the claims 1 to
7, characterized in that the valve body (36) com-
prises an extension axis(76), wherein a diameter
(98) of the valve body (36) around the extension axis
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10.

(76) is continuously increasing along the extension
axis (76) from the valve cluster (38) to a second end
portion (100) opposite the valve cluster (38).

Fuel injector (10) with a valve pin (12) to open and
close at least one injecting nozzle (14) of the fuel
injector (10), the fuel injector (10) comprising a con-
trol unit (18) according to one of the claims 1 to 8.

Method to provide a control valve unit (32) to control
a pressure force exerted by a control chamber (20)
onto a control piston (22) to move a valve pin (12)
of a fuel injector (10), the method comprising the
steps of:

a) providing a valve assembly (34) with a valve
body (36) and a valve cluster (38);

b) providing a flange assembly (84) with a cen-
tral bore (86) and a spring (44) mounted on a
circumferential area (106) of the flange assem-
bly (84);

c) providing a housing (66) with bores (68) to
form a valve chamber(40), a connecting channel
(54) and a valve piston chamber (48);

d) providing a dummy block (108) comprising a
diameter (110) corresponding to a diameter
(112) of the valve cluster (38) ;

e) arranging the dummy block (108) in the valve
chamber (40) ;

f) arranging the valve assembly (34) on top of
the dummy block (108) such that the valve clus-
ter (38) is in contact with the dummy block (108)
and such that the valve body (36) extends into
the piston chamber(48);

g) arranging the flange assembly (84) on top of
the valve body (36) such that the valve body (36)
is in contact with a wall area of the central bore
(86);

h) fixing the flange assembly (84) to the valve
body (36) by welding, press-fitting, snap-fitting
and/or screwing.
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