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(54) INJECTOR FORINJECTING FLUID

(57)  An injector (1) for injecting fluid comprises an
injector body (5) and a valve needle (9),

- the injector body (5) extending between a fluid outlet
end (5a) and a fluid inlet end (5b) along a central longi-
tudinal axis (3) and having a cavity (7) and a valve seat,
- the valve needle (9) being arranged axially movable
relative to the injector body (5) in the cavity (7), being

TG

operable to seal the injector in a closed position, in which
a tip of the valve needle is in contact with the valve seat,
and being axially displaceable away from the closed po-
sition to unseal the injector, and

- the valve seat comprising an inner wall facing the tip,
the inner wall comprising a projecting part with a convex
shape.
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Description

[0001] The invention relates to an injector for injecting
fluid and particularly relates to an injector for injecting
fuel into an internal combustion engine.

[0002] Injectors are in widespread use, in particular for
internal combustion engines where they may be ar-
ranged in order to dose the fluid into an intake manifold
of the internal combustion engine or directly into the com-
bustion chamber of a cylinder of the internal combustion
engine.

[0003] Injectors may be also called injections valves
and are manufactured in various forms in order to satisfy
the various needs for the various combustion engines.
Therefore, for example, their length, diameter as well as
various elements of the injector, which are responsible
for the way the fluid is dosed, may vary within a wide
range. In addition to that, injectors may accommodate
an actuator for actuating a valve needle, which may, for
example, be an electromagnetic actuator.

[0004] In order to enhance the combustion process
with regard to the reduction of unwanted emissions, the
respective injection valve may be suited to dose fluids
under very high pressure. The pressure may be, for ex-
ample in the case of a gasoline engine, in the range of
up to 400 bar, and in the case of diesel engines in the
range of up to 3,500 bar.

[0005] One object of the invention is to create an in-
jector for injecting fluid that contributes to a precise and
reliable injection of fluid.

[0006] According to an aspect of the invention, an in-
jector for injecting fluid comprises an injector body and
avalve needle. Theinjector body extends between a fluid
outletend and a fluid inlet end along a central longitudinal
axis. The injector body has a cavity and a valve seat. The
valve needle is arranged axially movable relative to the
injector body in the cavity. The valve needle is operable
to seal the injector in a closed position in which a tip of
the valve needle is in contact with the valve seat. The
valve needle is axially displaceable away from the closed
position to unseal the injector. The valve seat comprises
an inner wall facing the tip. The inner wall comprises a
projecting part with a convex shape.

[0007] The injector has a leakage even in the closed
position. This leakage should be reduced to a given val-
ue. Therefore, the inner wall of the valve seat comprises
the projecting part with the convex shape. The geometry
ofthe innerwall has an annularring that forms the convex
shape. Hence, the contact area of the tip of the valve
needle and the valve seat is small, in particular smaller
than in conventional injectors that have a flat inner wall
of the valve seat.

[0008] The smaller contact area of the inner wall with
the convex shape with the tip of the valve needle allows
a higher contact pressure at an equivalent load. This
leads to a better sealing and to a reduced leakage. Fur-
ther, the higher contact pressure allows a fast and effec-
tive plastic shape adjustment during run-in. The run-in is
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conducted at the factory for each injector before delivery
to a customer.

[0009] Forexample,itis possible to have better tip seal
results due to the higher contact pressure. Alternatively
or in addition, it is possible to have a shorter run-in be-
cause less cycles are necessary to have a sufficient plas-
tic shape adjustment.

[0010] Particularly, the projecting part comprises a
shape of a torus segment. For example, the geometry of
the inner wall comprises a shape of approximately one
quarter of a torus in a cross-section along the longitudinal
axis.

[0011] According to further embodiments the injector
body comprises a first recessed part with a concave
shape. The first recessed part is arranged outwards be-
sides the projecting part.

[0012] Alternatively or in addition, according to further
embodiments, the injector body comprises a second re-
cessed part with a concave shape. The second recessed
part is arranged inwards beside the projecting part. In
particular, the projecting part is arranged between the
first recessed part and the second recessed part in a
direction transverse to the longitudinal axis.

[0013] According to further embodiments, the injector
comprises a spring element with a given spring force.
The spring element is arranged to exert a preload force
on the valve needle to urge the valve needle in the closed
position. The spring force is given dependent on the con-
vex shape. Due to the convex shape of the inner wall, it
is possible to reduce the preload force of the spring ele-
ment due to the increased contact pressure. The tip seal-
ing performance remains the same compared to conven-
tional injectors even with a reduced spring load when the
inner wall comprises the projecting part with the convex
shape.

[0014] According to further embodiments, the tip of the
valve needle comprises a shape of a sphere segment.
For example, the tip of the valve needle is formed as at
least a part of a sphere or a ball. When the tip comprises
the shape of the sphere segment at least in the area
where it is in contact with the valve seat in the closed
position, the contact pressure between the tip and the
valve seat is small and hence the contact pressure is as
high as desired.

Brief description of the drawings

[0015] Various embodiments of the present invention
will be described with reference to the attached drawings.
Elements of the same construction or function can have
the same reference sign throughout the figures.

Figure 1 schematically shows an injector according
to an embodiment;

Figure 2 schematically shows a cross-sectional view
of adetail ofthe injector according to an embodiment;
and
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Figure 3 schematically shows a diagram of contact
areas according an embodiment.

Detailed description of the drawings

[0016] Figure 1 schematically shows an injector 100
forinjecting fuel. Particularly, the injector 100 is designed
for injecting fuel into a cylinder of an internal combustion
engine of a vehicle and particularly an automobile. The
fluid injector 100 has a longitudinal axis 105 and extends
between a fluid inlet end 104 and a fluid outlet end 103
of an injector body 101. The injector body 101 surrounds
a cavity 106. A valve needle 102 is arranged in the cavity
106. The valve needle 102 is axially movable with respect
to the injector body 101.

[0017] The injector body 102 comprises a valve seat
107 that is arranged at the fluid outlet end 103. Further
details of the valve seat 107 are explained with respect
to Figure 2 below.

[0018] The valve needle 102 comprises a tip 108. The
tip 108 faces the valve seat 107 at the fluid outlet end
103. The tip 108 is formed as a ball.

[0019] In a closed position of the injector 100, in which
a fluid flow through the injector 100 is inhibited, the tip
108 of the valve needle 102 sealingly rests on the valve
seat 107. When the tip 108 is in contact with the valve
seat 107, particularly with an inner wall 109 (Figure 2) of
the valve seat 107 in a closed position, a fluid flow through
an injector nozzle (not explicitly shown) at the valve seat
107 is prevented. A fluid injector through the injector noz-
zle is permitted when the valve needle 102 is in further
positions in which the tip 108 is spaced apart from the
inner wall 109.

[0020] The injector 100 may comprise an electromag-
netic actuator or a piezo actuator for moving the valve
needle 102 along the longitudinal axis 105 in at least one
direction.

[0021] A spring element 113 is arranged for moving
the valve needle 102 in the opposite direction. The valve
needleis pressed againstthe valve seat 107 by the spring
element 113, when the actuator is not energized.
[0022] Figure 2 schematically shows a cross-sectional
view of the tip 108 and the inner wall 109 of the valve
seat 107. Figure 2 only shows one half of the complete
cross-section. The other half is designed corresponding-
ly.

[0023] The tip 108 comprises the shape of a sphere.
In particular, the tip 108 of the valve needle 102 has the
form of a ball with a round outer surface.

[0024] The inner wall 109 of the valve seat 107 faces
the tip 108. The inner wall 109 comprises a projecting
part 110. The projecting part 110 has a surface that is in
contact with the tip 108 in the closed position. The pro-
jecting part 110 is arranged between a first recessed part
111 and a second recessed part 112 along a transverse
direction 114. Beginning at the central longitudinal axis
105, along the direction 114 the first recessed part 111
is arranged first, then the projecting part 110 and then
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the second recessed part 112 behind the projecting part
110.

[0025] The projecting part 110 comprises the form of
a sphere, especially a sphere segment. The inner wall
109 is formed convexin the projecting part 110. The inner
wall 109 extends outward in the projecting part 110. The
inner wall 109 hollows inward in the recessed parts 111
and 112.

[0026] In the closed position the tip 108 that has the
shape of a sphere and the inner wall 109 in the projecting
part 110 that has a shape of a torus segment are in con-
tact with each other. The geometry of the valve seat 107,
especially of the inner wall 109, at the projecting part 110
comprises an annular ring with the shape of approximate-
ly one quarter of the torus to form the convex shape.
Hence, for sealing the injector 100 the tip 108 is pressed
against the projecting part 110 by the bias spring element
113. Additionally, the hydraulic load of the fluid may press
the tip 108 against the projecting part 110.

[0027] The use ofthetip 108 with the shape ofa sphere
and the valve seat 107 with the convex inner wall 109
allows a desired sealing. For example, the leakage of the
injector 100 is reduced when compared to conventional
injectors that have a flat or cone-shaped inner wall, which
is in contact with the tip of the valve needle. For example,
with the projecting part 110 of the inner wall 109 it is
possible to have atip leakage in the closed position below
1 mm3 per minute at 50 bar in standard test fluid. For
example, with the projecting part 110 of the inner wall
109 it is possible to have a tip leakage in the closed po-
sition below 1 mm3 per minute with a minimum process
capability index of 2.

[0028] The contact area established under a certain
load between the tip 108 and the inner wall 109 is smaller
than the area established under a same load by conven-
tional injectors. For example, the contact area is approx-
imately 30% less in the case of the same radius for the
tip 108 and the valve seat 107. The contact pressure
between the valve seat 107 and the tip 108 is higher and
the sealing is better.

[0029] During run-in of the injector 100 the higher con-
tact pressure of the tip 108 at the projecting part 110 at
the equivalent load leads to a faster and effective plastic
shape adjustment compared to conventional injectors.
For example, it is possible to reduce the run-in cycles
and have the same sealing result. On the other hand it
is possible to have the same cycles for run-in and have
better sealing results.

[0030] Furthermore, it is possible to increase the max-
imum working pressure of the injector 100. It is possible
to reduce the spring load of the spring element 113 with-
out worsening the tip sealing performances due to the
increased contact pressure that is achieved by the con-
vex shape of the projecting part 110. For example, it is
possible to reduce the spring load by approximately 30%
and in doing so having the same sealing and leakage as
conventional injectors. On the other hand it is possible
to have a reduced leakage with the same spring load as
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with conventional injectors. For example, it is possible to
have sufficient sealing performances with a reduced
spring load and hence have an increased maximum
working pressure of 50 bar compared to conventional
injectors.

[0031] In theory the tip 108 has a spherical shape and
the projecting part 110 has the shape of the torus seg-
ment. Therefore, the contact is in theory just one point
or a circular line respectively. Hence, the contact pres-
sure between the tip 108 and the valve seat 107 is high.
Due to the high contact pressure it is possible to use
cheaper materials with a lower quality, for example with
a higher roughness at the surfaces before the run-in. Dur-
ing the run-in with the high contact pressure between the
valve seat 107 and the tip 108 the deformation of the
contact areas is fast and efficient and thus the roughness
is sufficiently compensated.

[0032] Figure 3 shows a diagram that compares the
contact area of the injector 100 according to the present
application with the contact area of a conventional injec-
tor. The curve 201 shows the contact area of the con-
ventional injector that has a flat inner wall of the valve
seat. For example, the inner wall of the conventional in-
jector comprises the shape of a cone segment especially
at the area, where the tip of the valve needle contacts
the inner wall in the closed position. With higher forces,
the contact area increases very fast.

[0033] A curve 202 shows the contact area of the in-
jector 100 with the projecting part 110 of the inner wall
109. The contact area between the valve seat 107 and
the tip 108 increases to a lesser extent when the force
increases compared to the conventional injector.
[0034] The sphere to torus type of interaction between
the valve seat 107 and the tip 108 leads to a reduction
of the tip leak due to the higher contact pressure between
the ball of the tip 108 and the inner wall 109 of the valve
seat 107. Furthermore, a higher correlation between the
micro-profiles of the tip 108 and the inner wall 109 is
achieved, in particular under plastic deformation. During
run-in, a faster and more effective plastic shape adjust-
ment of the inner wall 109 and the tip 108 is possible.

Reference signs

[0035]

100 Injector

101  valve body

102  valve needle

103  fluid outlet end
104  fluid inlet end

105 central longitudinal axis
106  cavity

107  valve seat

108 tip

109  inner wall

110  projecting part
111 first recessed part
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112  second recessed part
113  spring element

114  transverse direction
201  curve

202 curve

Claims

1. Injector (1) for injecting fluid comprising an injector
body (5) and a valve needle (9),

- the injector body (5) extending between a fluid
outlet end (5a) and a fluid inlet end (5b) along a
central longitudinal axis (3) and having a cavity
(7) and a valve seat,

- the valve needle (9) being arranged axially
movable relative to the injector body (5) in the
cavity (7), being operable to seal the injector in
a closed position, in which a tip of the valve nee-
dle is in contact with the valve seat, and being
axially displaceable away from the closed posi-
tion to unseal the injector, and

- the valve seat comprising an inner wall facing
the tip, the inner wall comprising a projecting
part with a convex shape.

2. Injector according to claim 1, wherein the projecting
part comprises a shape of a torus segment.

3. Injector according to claim 1 or 2, the injector body
comprising a first recessed part with a concave
shape, the first recessed part being arranged out-
wards besides the projecting part.

4. Injector according to any of claims 1 to 3, the injector
body comprising a second recessed part with a con-
cave shape, the second recessed part being ar-
ranged inwards besides the projecting part.

5. Injector according to claims 3 and 4, the projecting
part being arranged between the first recessed part
and the second recessed part.

6. Injector according to any of claims 1 to 5, comprising

- a spring element (SE) with a given spring force
being arranged to exert a preload force (PF) on
the valve needle (VN) acting to urge the valve
needle (VN) in the closed position, the spring
force being given dependent on the convex
shape.

7. Injector according to any of claims 1 to 6, wherein
the tip of the valve needle comprises a shape of a
sphere segment.
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