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(54) Injection nozzle

(57) An injection nozzle (30) for a compression-igni-
tion internal combustion engine, the injection nozzle (30)
comprising:
a nozzle body (32) provided with a bore (35) within which
a valve needle (34) is movable along a primary valve
needle axis (A-A), the valve needle (34) being engage-
able with a valve seating (38) defined by the bore (35) to
control fuel delivery through a nozzle outlet;
the bore (35) comprising first and second regions (36,
37), the second bore region (37) having a smaller diam-
eter than the first bore region (36), and a transition (48)
between the first and second bore regions (36, 37);
the valve needle (34) including a guide region (44) for
guiding the movement of the valve needle (34) within the
nozzle body (32), the guide region (44) comprising a
shoulder portion (54) and a relieved region disposed
downstream of the shoulder portion (54);

wherein, when the valve needle (34) is in a zero lift state,
the shoulder portion (54) is disposed adjacent to the tran-
sition (48) so as to define a restriction therebetween for
restricting the flow of fuel therethrough, and the overlap
between the shoulder portion (54) and the transition (48)
in the direction of the primary valve needle axis (A-A) is
less than the height of the full lift of the valve needle (34).
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Description

Technical Field

[0001] The present invention relates to an injection
nozzle for use in a fuel injection system for an internal
combustion engine. It relates particularly, but not exclu-
sively, to an injection nozzle for use in a common rail fuel
injection system for an internal combustion engine.

Background to the Invention

[0002] In common rail fuel injection systems, a plurality
of injectors are provided to inject fuel at high pressure
into the engine cylinders. Each injector includes an in-
jection nozzle having a valve needle which is operated
by means of an actuator to move towards and away from
a valve seating so as to control fuel delivery by the injec-
tor.
[0003] Figure 1 is a part-perspective view of a conven-
tional injection nozzle. Referring to Figure 1, the injection
nozzle 10, comprises a nozzle body 12 and a valve nee-
dle 14. In Figure 1, the valve needle 14 is shown in per-
spective and the nozzle body 12 is shown in cross-sec-
tion. The nozzle body 12 is provided with a blind bore 16
within which the valve needle 14 is movable to engage
with, and disengage from, a valve needle seating 18 de-
fined by the blind end of the bore 16. The nozzle body
12 also includes a set of nozzle outlets 20 through which
fuel can be injected into the associated engine cylinder
or combustion space, in circumstances in which the valve
needle 14 is lifted from its seating 18. The blind end of
the bore 16 defines a sac volume 22 with which inlet ends
of the nozzle outlets 20 communicate.
[0004] The valve needle 14 has a generally circular
cross-section along it’s primary axis, and is divided into
a plurality of regions which are shaped so as to optimise
the flow of fuel from the injection nozzle 10 to the asso-
ciated engine cylinder. In particular, the valve needle 14
comprises a guide region 24 for guiding the valve needle
14 as it moves within the nozzle body 12. The guide re-
gion 24 is formed from a generally cylindrical region into
which there are machined a plurality of flat portions 24a.
[0005] Figure 2 is a sectional view of the injection noz-
zle of Figure 1 along the line B-B. Referring to Figure 2,
the guide region 24 comprises three flat portions 24a.
Each of the flat portions 24a, are separated by a corre-
sponding guide portion 24b in the circumferential direc-
tion of the guide region 24.
[0006] The radius of each of the guide portions 24b is
sized so as to be a close clearance fit with the surface
of the bore 16, i.e. typically -0.015mm. Accordingly, the
proximity of each guide portion 24b to the surface of the
bore 16 ensures the movement of the valve needle 14
toward and away from the valve seating 18 is co-axial
with the primary axis of the bore 16, labelled A-A in Figure
1.
[0007] Each flat portion 24a of the guide region 24 de-

fines a corresponding relieved region 26 between the
surface of the guide region 24 and the adjacent surface
of the bore 16. The purpose of the flat portions 24a is to
allow sufficient fuel to flow from an upper inlet end of the
injection nozzle 10, past the guide region 24, and toward
the valve seating 18 disposed at the lower end of the
injection nozzle 10.
[0008] There is a problem with the conventional injec-
tion nozzle 10 in that it is difficult to control the injection
of small quantities of fuel, especially at very high pres-
sures, i.e. 2000bar to 2400bar. Typically this is due to an
inability to raise and lower the valve needle 14 quickly
enough, such that only the desired amount of fuel is in-
jected. Accordingly, after the valve needle 14 has been
lifted from the valve seating 18, too much fuel flows
through the outlets 20 before the valve needle 14 is low-
ered again.
[0009] It is an object of the present invention to provide
an injection nozzle which substantially overcomes or mit-
igates the aforementioned problem and enables the ac-
curate injection of a small amount of fuel from a low valve
needle lift.

Summary of Invention

[0010] According to a first aspect of the invention, there
is provided an injection nozzle for a compression-ignition
internal combustion engine, the injection nozzle compris-
ing:

a nozzle body provided with a bore within which a
valve needle is movable along a primary valve nee-
dle axis, the valve needle being engageable with a
valve seating defined by the bore to control fuel de-
livery through a nozzle outlet;
the bore comprising first and second regions, the
second bore region having a smaller diameter than
the first bore region, and a transition between the
first and second bore regions;
the valve needle including a guide region for guiding
the movement of the valve needle within the nozzle
body, the guide region comprising a shoulder portion
and a relieved region disposed downstream of the
shoulder portion;

wherein, when the valve needle is in a zero lift state, the
shoulder portion is disposed adjacent to the transition so
as to define a restriction therebetween for restricting the
flow of fuel therethrough, and the overlap between the
shoulder portion and the transition in the direction of the
primary valve needle axis is less than the height of the
full lift of the valve needle.
[0011] By providing an injection nozzle having the
above-described configuration, the accurate control of
the injection of a small amount of fuel is possible at low
needle lifts, since the restriction between the shoulder
portion and the transition prevents excessive fuel from
flowing through the nozzle. Furthermore, the restriction
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enables more accurate valve needle control, by causing
a reduction in the fuel pressure downstream of the re-
striction at low needle lifts, and a corresponding reduction
in the opening force exerted on the valve needle, thereby
providing a damping effect which reduces the speed at
which the valve needle lifts.
[0012] Preferably, the relieved region comprises a first
flat portion and a first tapered portion, disposed between
the first flat portion and the shoulder portion.
[0013] Preferably, the first flat portion is adjacent to the
transition between the first and second bore regions
when the valve needle is in a full lift state. Accordingly,
when the valve needle is in the full lift state, the restriction
to the flow of fuel between the first flat portion and the
transition is less than the restriction defined between the
transition and the shoulder portion. Thus, when the valve
needle is at full lift the restriction to the flow of fuel is
reduced such that the efficiency of the injection nozzle
is not compromised at higher pressures and higher flows.
[0014] Preferably, the first tapered portion is adjacent
to the transition between the first and second bore re-
gions when the valve needle is between a zero lift state
and a full lift state.
[0015] Conveniently, the relieved region comprises a
second flat portion and second tapered portion disposed
between the second flat portion and the shoulder portion,
wherein the second flat portion and the second tapered
portion are spaced circumferentially around the valve
needle from the first flat portion and the first tapered por-
tion.
[0016] Conveniently, the first flat portion and the first
tapered portion are disposed on opposed sides of the
valve needle from the second flat portion and the second
tapered portion.

Brief Description of Drawings

[0017] The invention will now be described, by way of
example only, with reference to Figures 3 to 8 of the ac-
companying drawings, in which;

Figure 1 is a part-perspective view of a conventional
injection nozzle;

Figure 2 is a sectional view of the injection nozzle of
Figure 1 along the line B-B;

Figure 3 is a sectional view of an embodiment of an
injection nozzle according to the present invention;

Figure 4 is an enlarged view of a guide region of the
valve needle in the injection nozzle shown in Figure
3;

Figure 5 is a sectional view of the injection nozzle of
Figure 3 along the line C-C;

Figure 6 is an enlarged sectional view of a guide

region of the injection nozzle of Figure 3 when the
valve needle is in a zero lift state;

Figure 7 is an enlarged sectional view of a guide
region of the injection nozzle of Figure 3 when the
valve needle is in a partial lift state; and

Figure 8 is an enlarged sectional view of a guide
region of the injection nozzle of Figure 3 when the
valve needle is in a full lift state.

Detailed Description of Preferred Embodiments

[0018] The injection nozzle of the present invention is
of the type suitable for implementation within an injector
having a piezoelectric actuator for controlling movement
of an injection nozzle valve needle. The injector is typi-
cally of the type used in common rail fuel injection sys-
tems for internal combustion engines (for example com-
pression-ignition diesel engines). Embodiments of an in-
jection nozzle according to the present invention can be
used in direct-acting piezoelectric injectors, where the
piezoelectric actuator controls movement of the valve
needle through a direct action, either via a hydraulic or
mechanical amplifier or coupler, or by means of a direct
connection. Embodiments of an injection nozzle accord-
ing to the present invention may also be used in injection
systems which rely on the balance of spring and hydraulic
forces to determine the valve needle actuation.
[0019] Referring to Figure 3, the injection nozzle 30,
comprises a nozzle body 32 and a valve needle 34. The
nozzle body 32 is provided with a blind bore 35 within
which the valve needle 34 is movable to engage with,
and disengage from, a valve needle seating 38 defined
by the blind end of the bore 35. The valve seating 38 is
of substantially frusto-conical form, as is known in the
art. The valve needle 34 terminates in valve tip 40, which
has a generally conical shape.
[0020] The nozzle body 32 also includes a set of nozzle
outlets (not shown) through which fuel can be injected
into the associated engine cylinder or combustion space,
in circumstances in which the valve needle 34 is lifted
from its seating 38. The blind end of the bore 35 defines
a sac volume 42 with which inlet ends of the nozzle outlets
communicate.
[0021] The valve needle 34 also includes a guide re-
gion 44 for guiding the valve needle 34 as it moves within
the nozzle body 32 so as to ensure that the movement
of the valve needle 34 is co-axial with the primary axis
of the injection nozzle 30 A-A. The guide region 44 is
disposed between the valve tip 40 and the opposite end
of the valve needle 34, where the valve needle 34 is cou-
pled to an actuator (not shown). The guide region 44 will
now be described in more detail with reference to Figures
4 and 5.
[0022] The guide region 44 is formed from a generally
cylindrical region which includes first and second flat por-
tions 46a, 46b. The flat portions 46a, 46b are disposed
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on opposed sides of the primary axis of the valve needle
34 and may be formed by machining the surface of the
guide region 44. The first and second flat portions 46a,
46b are separated from one another, in the circumferen-
tial direction of the valve needle 34, by first and second
radiussed portions 47a, 47b as shown in Figure 5.
[0023] The first and second radiussed portions 47a,
47b are sized so as to be a close clearance fit with the
adjacent surface of the bore 35 of the nozzle body 32.
The bore 35 comprises first and second regions 36, 37,
the second bore region 37 having a smaller diameter
than the first bore region 36 and being disposed adjacent
to the first bore region 36 in the axial direction of the
injection nozzle 30. The second bore region 37 is dis-
posed adjacent to the guide region 44 of the valve needle
34. In the present embodiment, the clearance between
the radiussed portions 47a, 47b and the second bore
region 37 is 0.015mm.
[0024] At the upper end of the second bore region 37
there is a transition edge 48 between the second bore
region 37 and the first bore region 36, from which point
the bore 35 widens so as to define an entry volume 49
of the injection nozzle 30 between the valve needle 34
and the first bore region 36.
[0025] The first flat portion 46a is spaced from the sur-
face of the second bore 37 so as to define a first transition
volume 50a therebetween. In the present embodiment,
the spacing between the first flat portion 46a and the
second bore region 37 is 0.675mm.
[0026] The first flat portion 46a terminates at its upper
end in a first tapered portion 52a. The radius of the valve
needle 34 increases across the first tapered portion 50a
in the upstream direction, and terminates at a shoulder
portion 54 at the upper end of the guide region 44. The
shoulder portion 54 of the guide region 44 has a substan-
tially circular cross-section and is a close clearance fit
with the second bore region 37 around the entire circum-
ference of the valve needle 34 in the region of the tran-
sition edge 48, when the valve needle 34 is in a zero lift
position as shown in Figure 4.
[0027] The second flat portion 46b is of the same con-
figuration as the first flat portion 46a and defines a second
transition volume 50b with the second bore region 37. A
second tapered portion 52b is provided between the up-
per end of the second flat portion 46b and the shoulder
portion 54.
[0028] The operation of the injection nozzle 30 will now
be described with reference to Figures 6 to 8.
[0029] Referring first to Figure 6, when the valve nee-
dle 34 is in a zero lift state, the shoulder 54 portion of the
guide region 44 is disposed adjacent to the second bore
region 37 and below the transition edge 48. The length
of the overlap in the axial direction of the injection nozzle
30 between the shoulder portion 54 and the second bore
region 37 is labelled ’lift 1’. In the present embodiment,
lift 1 is 0.03mm. As described previously, the gap be-
tween the shoulder portion 54 and the second bore region
37 is 0.015mm. In this position, the flow area is equivalent

to a hole with a diameter of 0.49mm. Accordingly, the
flow of fuel from the entry volume 49 toward the sac vol-
ume 42 is substantially restricted.
[0030] It should be noted that when the valve needle
34 is in the zero lift state, this corresponds to a non-in-
jecting state of the injection nozzle 30. In this state, the
valve tip 40 is engaged with the valve seating 38 of the
nozzle body 32 and, accordingly, fuel is prevented from
being injected into the associated engine cylinder.
[0031] As mentioned previously, the upper end of the
valve needle 34 is coupled an actuator, such as a piezo-
electric actuator, which is operable to lift the valve needle
34 so as to disengage from the valve seating 38 such
that fuel is injected into the associated engine cylinder.
When the actuator is energised and the valve needle 34
is lifted by a distance up to ’lift 1’, the valve tip 40 is raised
from the valve seating 38, allowing fuel to flow into the
sac volume 42 and be injected into the associated cylin-
der. However, up to a height of lift 1, i.e. 0.03mm, the
gap between the shoulder portion 54 and the second
bore region 37, is a constant 0.015mm. Accordingly, the
flow of fuel from the entry volume 49 of the injection noz-
zle 30 through to the transition volume 50a, 50b and down
to the sac volume 42 is restricted. Thus, an excessive
amount of fuel is prevented from being injected at a low
needle lift. Furthermore, by restricting the fuel flow be-
tween the shoulder portion 54 and the transition edge 48
at low needle lifts, the pressure in the nozzle downstream
of the restriction, i.e. in the transition volume 50a, 50b
and the sac volume 42, reduces more rapidly as fuel exits
the nozzle through the nozzle outlets. Accordingly, the
opening force exerted on the valve needle 34 is reduced
and, therefore, the speed with which the valve needle 34
lifts is also reduced. This effect is reversed when the valve
needle 34 is closed. More specifically, during closing of
the valve needle 34, the restriction results in reduced
pressure downstream of the shoulder portion 54 and tran-
sition edge 48. Accordingly, the valve needle 34 can be
closed more quickly . Thus, there is a damping effect set
up which helps to control the valve needle 34 for small
deliveries. Hence, by controlling the flow of fuel within
the injection nozzle 30, the movement of the valve needle
34 can also be controlled.
[0032] Referring to Figure 7, when the valve needle 34
is lifted by a distance in excess of lift 1, the shoulder
portion 54 is raised above the level of the transition edge
48 and the second tapered portion 52b is positioned ad-
jacent to the transition edge 48. Accordingly, the restric-
tion between the second bore region 37 and the guide
region 44 of the valve needle 34 is defined by the tran-
sition edge 48 and the first and second tapered portions
52a, 52b. Since the radius of the valve needle 34 at the
first and second tapered portions 52a, 52b varies with
the position along the primary axis of the valve needle
34, the width of the restriction increases as the valve
needle 34 is raised above a height of lift 1.
[0033] Referring to Figure 8, when the valve needle 34
is raised to a full lift state, the restriction between the
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second bore region 37 and the guide region 44 of the
valve needle 34 is defined by the transition edge 48 and
the first and second flat portions 46a, 46b. In the present
embodiment, full lift of the valve needle 34 is a height of
0.3mm, although this could vary between 0.25mm and
0.4mm. At full lift, the width of the restriction is 0.675mm,
i.e. the depth of the flat portions 46a, 46b. In this position,
the flow area is 2.8mm2 which is equivalent to a hole with
a diameter of 1.89mm.
[0034] Since the depth of the first and second flat por-
tions 46a, 46b is constant, in the event that the valve
needle 34 is raised higher than the full lift position, the
restriction remains constant, so there is no added restric-
tion to the flow of fuel through the injection nozzle 30.
[0035] The above described embodiment thus pro-
vides an injection nozzle in which fuel flow therethrough
is substantially restricted at low needle lifts, thereby al-
lowing the accurate injection of small quantities of fuel.
Conversely, at high needle lifts, the restriction to the flow
of fuel is reduced such that the efficiency of the injection
nozzle is not compromised at higher pressures and high-
er flows.
[0036] It will be appreciated by those skilled in the art
that the depth of the first and second flat portions 46a,
46b, and the angle of the tapered portions 52a, 52b may
be varied in order to obtain the optimal compromise be-
tween control of fuel flow at small needle lifts and in-
creased fuel flow at large needle lifts.
[0037] In the above-described embodiment, the guide
region 44 comprises first and second flat portions 46a,
46b which, together with the first and second tapered
portions 52a, 52b, define a pair of relieved portions of
the guide region 44. However, it will be appreciated by
those skilled in the art that the guide region 44 may be
provided with only a single flat portion, and a correspond-
ing tapered portion. Alternatively, the guide portion 44
may be provided with more than two flat portions and a
corresponding number of tapered portions spaced cir-
cumferentially around the valve needle 34.
[0038] As described above, the flat portions 46a, 46b
and the tapered portions 52a, 52b of the guide region 44,
may be created by machining the surface of a cylindrical
guide region. Thus, the advantages of the present inven-
tion, i.e. accurate control of small quantity fuel injection,
may be obtained without requiring additional manufac-
turing steps or substantial redesign of the known injection
nozzle shown in Figures 1 and 2.

Claims

1. An injection nozzle (30) for a compression-ignition
internal combustion engine, the injection nozzle (30)
comprising:

a nozzle body (32) provided with a bore (35)
within which a valve needle (34) is movable
along a primary valve needle axis (A-A), the

valve needle (34) being engageable with a valve
seating (38) defined by the bore (35) to control
fuel delivery through a nozzle outlet;
the bore (35) comprising first and second re-
gions (36, 37), the second bore region (37) hav-
ing a smaller diameter than the first bore region
(36), and a transition (48) between the first and
second bore regions (36, 37);
the valve needle (34) including a guide region
(44) for guiding the movement of the valve nee-
dle (34) within the nozzle body (32), the guide
region (44) comprising a shoulder portion (54)
and a relieved region disposed downstream of
the shoulder portion (54);

wherein, when the valve needle (34) is in a zero lift
state, the shoulder portion (54) is disposed adjacent
to the transition (48) so as to define a restriction ther-
ebetween for restricting the flow of fuel therethrough,
and the overlap between the shoulder portion (54)
and the transition (48) in the direction of the primary
valve needle axis (A-A) is less than the height of the
full lift of the valve needle (34).

2. An injection nozzle according to claim 1, wherein the
relieved region comprises a first flat portion (46a)
and a first tapered portion (52a), disposed between
the first flat portion (46a) and the shoulder portion
(54).

3. An injection nozzle according to claim 2, wherein the
first flat portion (46a) is adjacent to the transition (48)
between the first and second bore regions (36, 37)
when the valve needle (34) is in a full lift state.

4. An injection nozzle according to claim 2 or 3, wherein
the first tapered portion (52a) is adjacent to the tran-
sition (48) between the first and second bore regions
(36, 37) when the valve needle (34) is between a
zero lift state and a full lift state.

5. An injection nozzle according to claim 2, 3 or 4,
wherein the relieved region comprises a second flat
portion (46b) and second tapered portion (52b) dis-
posed between the second flat portion (46b) and the
shoulder portion (54), wherein the second flat portion
(46b) and the second tapered portion (52b) are
spaced circumferentially around the valve needle
(34) from the first flat portion (46a) and the first ta-
pered portion (52a).

6. An injection nozzle according to claim 5, wherein the
first flat portion (46a) and the first tapered portion
(52a) are disposed on opposed sides of the valve
needle (34) from the second flat portion (46b) and
the second tapered portion (52b).
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Amended claims in accordance with Rule 137(2)
EPC.

1. An injection nozzle (30) for a compression-ignition
internal combustion engine, the injection nozzle (30)
comprising:

a nozzle body (32) provided with a bore (35)
within which a valve needle (34) is movable
along a primary valve needle axis (A-A), the
valve needle (34) being engageable with a valve
seating (38) defined by the bore (35) to control
fuel delivery through a nozzle outlet;
the bore (35) comprising first and second re-
gions (36, 37), the second bore region (37) hav-
ing a smaller diameter than the first bore region
(36), and a transition (48) between the first and
second bore regions (36, 37);
the valve needle (34) including a guide region
(44) for guiding the movement of the valve nee-
dle (34) within the nozzle body (32), the guide
region (44) comprising a shoulder portion (54)
and a relieved region disposed downstream of
the shoulder portion (54);
the relieved region comprising a first flat portion
(46a) and a first tapered portion (52a), disposed
between the first flat portion (46a) and the shoul-
der portion (54);

wherein, when the valve needle (34) is in a zero lift
state, the shoulder portion (54) is disposed adjacent
to the transition (48) so as to define a restriction ther-
ebetween for restricting the flow of fuel therethrough,
and the overlap between the shoulder portion (54)
and the transition (48) in the direction of the primary
valve needle axis (A-A) is less than the height of the
full lift of the valve needle (34);
characterised in that the radius of the valve needle
(34) increases across the first tapered portion (50a)
in the upstream direction.

2. An injection nozzle according to claim 1, wherein
the first flat portion (46a) is adjacent to the transition
(48) between the first and second bore regions (36,
37) when the valve needle (34) is in a full lift state.

3. An injection nozzle according to claim 1 or 2,
wherein the first tapered portion (52a) is adjacent to
the transition (48) between the first and second bore
regions (36, 37) when the valve needle (34) is be-
tween a zero lift state and a full lift state.

4. An injection nozzle according to claim 1, 2 or 3,
wherein the relieved region comprises a second flat
portion (46b) and second tapered portion (52b) dis-
posed between the second flat portion (46b) and the
shoulder portion (54), wherein the second flat portion
(46b) and the second tapered portion (52b) are

spaced circumferentially around the valve needle
(34) from the first flat portion (46a) and the first ta-
pered portion (52a).

5. An injection nozzle according to claim 4, wherein
the first flat portion (46a) and the first tapered portion
(52a) are disposed on opposed sides of the valve
needle (34) from the second flat portion (46b) and
the second tapered portion (52b).
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