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(54) Valve needle and metering device comprising same

(57) The invention relates to a valve needle for a
high-pressure fuel injector, comprising a needle body
(12) with a cylindrical upper portion (16), the needle
body (12) having an end part provided with a plunger
(22) for closing a metering opening, and an elongated
guide element (18) having an upstream inlet step (44)
and a downstream outlet step (46), wherein the space
between the cylindrical upper portion (16) and the valve
cartridge (26) defines a fluid passage (24) having a first

cross section (30) and the space between the guide el-
ement (18) and the valve cartridge (26) defines a fluid
passage (42) having a second cross section. According
to the invention the size of the second cross section of
the fluid passage (42) between the guide element (18)
and the valve cartridge (26) is about 45% or more the
size of the first cross section (30) of the fluid passage
(24) between the cylindrical upper portion (16) and the
valve cartridge (26).
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Description

[0001] The present invention relates to a valve needle
for a high-pressure fuel injector, in which axial move-
ment of the valve needle in a valve cartridge controls
opening and closing of a metering opening of the injec-
tor. The valve needle is of the type which comprises a
needle body with a cylindrical upper portion, the needle
body having an end part provided with a plunger for clos-
ing the metering opening, and an elongated guide ele-
ment having an upstream inlet step and a downstream
outlet step and surrounding a lower portion of the needle
body, the guide element providing a close sliding fit of
the valve needle in the valve cartridge, and wherein the
space between the cylindrical upper portion and the
valve cartridge defines a fluid passage having a first
cross section and the space between the guide element
and the valve cartridge defines a fluid passage having
a second cross section.
[0002] The present invention further relates to a me-
tering device for dosing pressurized fluids, particularly
an injection valve for a fuel injection system in an internal
combustion engine, comprising such a valve needle.
[0003] In the production of injection valves for high-
pressure direct-injection gasoline engines controlled by
a piezoelectric actuator, the fit between the valve needle
and the surrounding cartridge presents many geometri-
cal and manufacturing requirements.
[0004] Typically, the valve needle has two guide ele-
ments surrounding the needle body and providing a
close sliding fit of the valve needle in the cartridge. The
lower guide element generally has four flat surfaces
separated by rounded portions that provide the sliding
fit of the valve needle.
[0005] In such designs the robustness of the valve
needle to spray asymmetry issues is a general issue.
[0006] It is therefore an object of the present invention
to provide a valve needle of the above mentioned type
with a robust and stable fuel path.
[0007] The above object is achieved by the valve nee-
dle with the features of appended claim 1. Advanta-
geous embodiments of the invention are disclosed in the
dependent claims 2 to 13.
The invention also coprises a metering device for dosing
pressurized fluids comprising such a valve needle ac-
cording to independent claim 14.
[0008] According to the invention, in a valve needle
with the features of the preamble of claim 1, the size of
the second cross section of the fluid passage between
the guide element and the valve cartridge is about 45%
or more of the size of the first cross section of the fluid
passage between the cylindrical upper portion and the
valve cartridge. Preferably, the size of the second cross
section is even about 60% or more of the size of the first
cross section.
[0009] The invention is based on the idea that the
large transitions in the cross section between the needle
and the cartridge that arise in conventional designs at

the inlet and outlet steps of the guide element profile
significantly contribute to the problem of circumferential
spray asymmetry.
[0010] In conventional designs, the available flow
section in the guide element section can be reduced by
about 70% compared to the value above the guide ele-
ment. Conversely, the available flow section can be in-
creased by about 80% from the guide element section
to the recessed section below the guide element. The
solution according to the present invention avoids these
large transitions and thereby attains a significantly im-
proved flow stability.
[0011] In a preferred embodiment of the invention, the
guide element has two, three, or four longitudinally ex-
tending recessed portions separated by rounded guide
portions that provide the close sliding fit of the valve nee-
dle.
[0012] In an advantageous embodiment the recessed
portions are formed with a concave surface. Alternative-
ly, the recessed portions may be formed with a convex
surface.
[0013] According to a further preferred embodiment
of the invention, the recess depth of the recessed por-
tions increases from the upstream inlet step to the down-
stream outlet step of the guide element.
[0014] To provide a smooth transition between the
guide element and the needle body, the inlet step, the
outlet step, or both steps of the guide element may ad-
vantageously be chamfered. The chamfer has suitably
a cone angle between about 5° and about 45°, prefer-
ably between about 10° and about 30°.
[0015] In a preferred embodiment, the chamfer of the
inlet step and the outlet step each have a cone angle of
about 15°. According to another preferred embodiment,
the chamfer of the inlet step has a cone angle of about
15°, and the chamfer of the outlet step has a cone angle
of about 30°.
[0016] The inlet step and/or the outlet step of the
guide element may advantageously be rounded to fur-
ther smoothen the transition region between the guide
element and the needle body.
[0017] According to an especially preferred embodi-
ment, the valve needle has an upper guide element for
dampening pressure peaks arising from opening and
closing actions of the valve needle, and a lower guide
element which is formed by the elongated guide element
described above.
[0018] In an alternative design, the valve needle has
only a single guide element, which is formed by the elon-
gated guide element described above. In such a design
the guide element is arranged in a higher position as
compared to the lower guide element of a design with
two guide elements. Thereby the volume of the fuel ac-
cumulation chamber located immediately upstream of
the plunger of the valve is increased.
[0019] According to the invention, a metering device
for dosing pressurized fluids, particularly an injection
valve for a fuel injection system in an internal combus-
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tion engine, comprises a housing having an end part
provided with fuel admission holes leading to an outlet
passage terminating with a metering opening, the lower
part of the housing forming a valve cartridge surround-
ing the outlet passage, and an axially moveable valve
needle of the type described above. The valve needle
slides in the valve cartridge and controls opening and
closing of the metering opening by its axial movement.
[0020] In addition to the advantages mentioned
above, the benefits of the invention include

- a significant increment of the cross section between
the guide element and the valve cartridge to 45%
or more of the upstream flow cross section;

- reduced recirculations and a reduced stagnation
line impact on the needle cartridge coupled profiles;

- a more stable path for the gasoline along the injec-
tor nozzle;

- fluid flow detachment, pressure losses and cavita-
tion phenomena are significantly reduced or even
eliminated; and

- the volume available for pressure pulsation damp-
ing in the region below, i.e. downstream of the guide
element is increased.

[0021] The invention, both its construction an its
method of operation together with additional objects and
advantages thereof, will best be understood from the fol-
lowing description of specific embodiments when read
in connection with the accompanying drawings, wherein

Figure 1 is a schematic axial cross section of the low-
er part of a valve needle according to a pre-
ferred embodiment of the invention, shown
together with its surrounding cartridge;

Figure 2 shows in (a) a fluid passage cross section
for a valve needle according to the prior art,
and in (b) to (e) fluid passage cross sections
of various preferred embodiments accord-
ing to the invention, each taken along the
line II-II of Fig. 1;

Figure 3 shows a perspective view of a valve needle
according to another embodiment of the in-
vention. In (a) the part of the valve needle
containing the lower guide element is
shown, and in (b) and (c) detailed views of
the upstream inlet step and the downstream
outlet step, respectively, are shown;

Figure 4 shows a perspective view of a valve needle
according to a further embodiment of the in-
vention; and

Figure 5 shows a schematic axial cross section of a
valve needle'according to a still further em-
bodiment of the invention.

[0022] Figure 1 shows a schematic axial cross section
of a high-pressure fuel injector valve 10 with a valve nee-
dle according to a specific embodiment of the invention.
The needle body 12 of the valve needle comprises an
upper guide element 14 and an elongated lower guide
element 18, which are separated by a cylindrical upper
portion 16. The needle body 12 further contains a re-
cessed lower portion 20 and a plunger 22.
[0023] The valve needle slides in a fluid passage 24
formed between the needle body 12 and an inner sur-
face of the injector cartridge 26. Pressurized fuel to be
injected in an engine cylinder enters the fluid passage
24 via the fuel admission holes 28. Both of the guide
elements 14 and 18 have the function to precisely guide
the sliding movement of the valve needle in the cartridge
26. The upper guide element 14 has further the function
to dampen the pressure peaks arising from the opening
and closing action of the valve needle and heading up-
stream to the dynamic sealing area.
[0024] The cross section of the fluid passage 24 var-
ies along the longitudinal axis of the valve needle. The
size of the cross section 30 in the upper cylindrical por-
tion 16 is taken as a reference value and is assigned a
value of 100%. All other cross sections are measured
relative to the size of this cross section 30.
[0025] Below the lower guide element, in the re-
cessed portion 20, the size of the cross section 32 is
typically larger than in the cylindrical portion 14. In the
embodiment shown, the cross section 32 has a size of
110%.
[0026] The cross section of the fluid passage 24 in the
region of the lower guide element 18 taken along the
line II-II of Fig. 1 is shown in Figs. 2(b) to 2(e) for various
preferred embodiments of the invention.
[0027] For comparison, Fig. 2(a) shows the fluid pas-
sage cross section for a valve needle according to the
prior art, where the guide element 18P has a polygonal
cross section with four flat surfaces separated by round-
ed portions.
[0028] The relative size of the flow cross section in
this prior art design is 30%. Therefore, flowing down-
stream along the fluid passage 24, the fuel encounters
two significant transitions in the available flow cross sec-
tion: a reduction from 100% to 30%, when entering the
lower guide element region, and an increase from 30%
to 110%, when leaving the guide element region. These
fast transitions contribute significantly to the above men-
tioned problem of circumferential spray asymmetry.
[0029] It has also been observed that fluid recircula-
tions occur in the lower guide element section, which
give rise to further flow reductions. In addition, the stag-
nation line between the needle body and the cartridge
also affects the effective cross section between the two
coupled parts. The two phenomena reduce the effective
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cross section in the guide element section even below
its already low geometric value.
[0030] In contrast, in the design of Fig. 2(b), the elon-
gated guide element 18 has four longitudinally extend-
ing recessed portions separated by rounded guide por-
tions providing the close sliding fit of the valve needle.
In this design, the flow cross section in the guide ele-
ment section is increased to a value of 66%. Figures 2
(c) to 2(e) show other guide element designs according
to preferred embodiments of the invention with increas-
ing cannel depth of the recessed portions. The flow
cross section increases from 73% for the embodiment
of Fig. 2(c) to 86% for the embodiment of Fig. 2(d) and
to 99% for the embodiment of Fig. 2(e).
[0031] Figure 3 illustrates another embodiment of a
valve needle according to the invention. Figure 3(a)
shows the part of the valve needle containing the lower
guide element 18. Moving downstream from the cylin-
drical upper portion 16, the guide element 18 has an up-
stream inlet step 44 and a downstream outlet step 46,
which are shown in detail in Fig. 3(b) and 3(c), respec-
tively. Again, the four rounded portions 40 provide a slid-
ing fit between the needle and the cartridge. The round-
ed portions are separated by four concave recessed
channel portions 42. To further improve the design of
Fig. 3, the depth of the channels 42 may increase from
the upstream inlet step 44 to the downstream outlet step
46.
[0032] A further embodiment of a valve needle ac-
cording to the invention is shown in Fig. 4. The elements
of this embodiment correspond mostly to the elements
of the embodiment of Fig. 3 with the exception that the
inlet step 44 and the outlet step 46 are each provided
with a chamfer 48 and 50, each with a cone angle of
about 15°, to smoothen the transitions between the
guide element section 18 and the adjacent needle sec-
tions 16 and 20.
[0033] In addition to being chamfered, the inlet step
44, the outlet step or both steps may be rounded to fur-
ther smoothen the transition. The rounding radii may be
different for the inlet and outlet step and for the transition
from the cylindrical upper portion 14 or the recessed por-
tion 20 to the chamfer and for the transition from the
chamfer to the inner section 40, 42 of the guide element.
[0034] These variations are summarized in the sche-
matic axial cross section of Fig. 5. In the embodiment
shown, the upstream inlet step 44 has a chamfer 48 of
30° and rounding radii 52 and 54 of R 1 and R 1,5, re-
spectively, and the downstream inlet step 46 has a
chamfer 50 of 15° and rounding radii 56 and 58 of R 3
and R 1, respectively. Other practicable solutions com-
prise an upstream inlet step 44 that has a chamfer 48
of 15° and rounding radii 52 and 54 of R 1 and R 3, re-
spectively, and the downstream inlet step 46 has a
chamfer 50 of 15° and rounding radii 56 and 58 of R 1
and R 3, respectively. In a further embodiment, the up-
stream inlet step 44 has a chamfer 48 of 15° and round-
ing radii 52 and 54 of R 0,8 and R 2, respectively, and

the downstream inlet steps 46 has a chamfer 50 of 15°
and rounding radii 56 and 58 of R 3 and R 1, respective-
ly. In a still further embodiment, the inlet step 44 has a
chamfer 48 of 30° and rounding radii 52 and 54 of R 0,5
and R 1,5, respectively, and the downstream inlet step
46 has a chamfer 50 of 15° and rounding radii 56 and
58 of R 3 and R 1, respectively.
[0035] The features disclosed in the foregoing de-
scription, in the drawings, and in the claims may alone
as well as in any possible combination be important for
the realization of the invention.

Claims

1. A valve needle for a high-pressure fuel injector, in
which axial movement of the valve needle in a valve
cartridge controls opening and closing of a metering
opening of the injector, comprising

- a needle body (12) with a cylindrical upper por-
tion (16),

- the needle body (12) having an end part pro-
vided with a plunger (22) for closing the meter-
ing opening, and

- an elongated guide element (18) having an up-
stream inlet step (44) and a downstream outlet
step (46) and surrounding a lower portion of the
needle body (12), the guide element (18) pro-
viding a close sliding fit of the valve needle in
the valve cartridge (26),

wherein the space between the cylindrical upper
portion (16) and the valve cartridge (24) defines a
fluid passage (24) having a first cross section (30)
and the space between the guide element (18) and
the valve cartridge (26) defines a fluid passage (24)
having a second cross section,
characterized in that
the size of the second cross section of the fluid pas-
sage (24) between the guide element (18) and the
valve cartridge (26) is about 45% or more of the size
of the first cross section (30) of the fluid passage
(24) between the cylindrical upper portion (16) and
the valve cartridge (26).

2. The valve needle according to claim 1,
characterized in that
the size of the second cross section is about 60%
or more of the first cross section (30).

3. The valve needle according to claim 1 or 2,
characterized in that
the elongated guide element (18) has two, three, or
four longitudinally extending recessed portions (42)
separated by rounded guide portions (40) that pro-
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vide the close sliding fit of the valve needle.

4. The valve needle according to claim 3,
characterized in that
the recessed portions (42) are formed with a con-
cave surface.

5. The valve needle according to claim 3,
characterized in that
the recessed portions (42) are formed with a convex
surface.

6. The valve needle according to any of claims 3 to 5,
characterized in that
the recess depth of the recessed portions (42) in-
creases from the upstream inlet step (44) to the
downstream outlet step (46) of the guide element
(18).

7. The valve needle according to any of the preceding
claims,
characterized in that
the inlet step (44) and/or the outlet step (46) of the
guide element (18) is chamfered (48, 50) to provide
a smooth transition to the needle body (12).

8. The valve needle according to claim 7,
characterized in that
the chamfer (48, 50) has a cone angle between
about 5° and about 45°, preferably between about
10° and about 30°.

9. The valve needle according to claim 7 or 8,
characterized in that
the chamfer (48, 50) of the inlet step (44) and the
outlet step (46) each have a cone angle of about
15°.

10. The valve needle according to claim 7 or 8,
characterized in that
the chamfer (48) of the inlet step (44) has a cone
angle of about 15°, and the chamfer (50) of the out-
let step (46) has a cone angle of about 30°.

11. The valve needle according to any of the preceding
claims,
characterized in that
the inlet step (44) and/or the outlet step (44) of the
guide element (18) is rounded.

12. The valve needle according to any of the preceding
claims,
characterized in that
the valve needle has an upper guide element (14)
for dampening pressure peaks arising from opening
and closing actions of the valve needle, and a lower
guide element formed by the elongated guide ele-
ment (18).

13. The valve needle according to any of claims 1 to 11,
characterized in that
the valve needle has a single guide element formed
by the elongated guide element (18).

14. A metering device for dosing pressurized fluids,
particularly an injection valve for a fuel injection sys-
tem in an internal combustion engine, comprising

- a housing having an end part provided with fuel
admission holes (28) leading to a fluid passage
(24) terminating with a metering opening, the
lower part of the housing forming a valve car-
tridge (26) surrounding the fluid passage (24),
and

- an axially moveable valve needle according to
any of the preceding claims, sliding in the valve
cartridge (26) and controlling opening and clos-
ing of the metering opening by its axial move-
ment.
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