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(54) Fuel injector

(57) A fuel injector comprising a nozzle body (10)
provided with a first bore (11) and defining a first seating
(12), a valve member (13) engageable with the first seat-
ing (12) to control fuel flow from the first bore (11) to-
wards an outlet opening (14) located downstream of the
first seating (12), the valve member (13) being provided
with a second bore (15) defining a second seating (17).
A valve needle (16) is slidable within the second bore
(15) and is engageable with the second seating (17) to
control fuel flow from the second bore (15) towards a
second outlet opening (18,28) provided in the valve
member (13). The fuel injector also includes a transmis-
sion arrangement whereby movement of the valve nee-
dle (16) beyond a predetermined position is transmitted
to the valve member (13).
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Description

[0001] This invention relates to a fuel injector for use
in supplying fuel under pressure to a combustion space
of an engine. In particular, the invention relates to a fuel
injector in which a characteristic of the fuel injector, for
example the injection rate or spray form, can be altered,
in use.
[0002] It has been found that, with compression igni-
tion internal combustion engines, the levels of noise and
particulate emissions produced by the engine can be re-
duced by varying the rate at which fuel is supplied during
each fuel injection cycle. For example, an injection cycle
may include an initial phase during which fuel is supplied
at a relatively low rate and a subsequent phase during
which fuel is delivered at a higher rate. Alternatively, or
additionally, other fuel injection characteristics may be
varied. It is an object of the invention to provide a fuel
injector meeting these requirements.
[0003] According to the present invention there is pro-
vided a fuel injector comprising a nozzle body provided
with a first bore and defining a first seating, a valve mem-
ber engageable with the first seating to control fuel flow
from the first bore towards a first outlet opening located
downstream of the first seating, the valve member being
provided with a second bore defining a second seating,
a valve needle being slidable within the second bore and
being engageable with the second seating to control fuel
flow from the second bore towards a second outlet
opening provided in the valve member, and a transmis-
sion arrangement whereby movement of the valve nee-
dle beyond a predetermined position is transmitted to
the valve member.
[0004] The nozzle body may be provided with a plu-
rality of first outlet openings and the valve member may
be provided with a plurality of second outlet openings.
[0005] The first and second outlet openings may be
located such that, when the valve member engages the
first seating and the valve needle is lifted from the sec-
ond seating, the first and second outlet openings are ar-
ranged in series with one another, movement of the
valve member away from the first seating permitting fuel
delivery through the first outlet opening, by-passing the
second outlet opening. It will be appreciated, that de-
pending upon the shape and size of the first and second
outlet openings, the fuel delivery rate or other fuel injec-
tion characteristics may be varied by varying the dis-
tance by which the valve needle is moved.
[0006] The number of first outlet openings may be
equal to the number of second outlet openings. Alterna-
tively, fewer second outlet openings may be provided,
in which case only some of the first outlet openings are
used to deliver fuel whilst the valve member engages
the first seating and the valve needle is lifted away from
the second seating.
[0007] Alternatively the valve member may include a
tip portion provided with an opening to allow passage of
fuel from the second bore to the first outlet opening, the

tip portion being arranged to partially cover the first out-
let opening when the valve member engages the first
seating and being moveable to a position in which the
first outlet opening is not covered by the tip portion.
[0008] The second outlet opening in the valve mem-
ber may be an axially extending opening. Movement of
the valve needle away from the second seating by an
amount which does not exceed a predetermined
amount permits fuel to flow from the second bore in the
valve member through an axially extending opening into
the first outlet opening. As the first outlet opening is par-
tially obscured by the tip portion, the rate at which fuel
is delivered is limited. As movement of the valve needle
is not transmitted to the valve member, fuel does not
flow past the first seating directly to the first outlet open-
ing. Thus, fuel delivery occurs at a relatively low fuel de-
livery rate. Further movement of the valve needle away
from the second seating beyond the predetermined
amount results in movement of the valve member away
from the first seating and thus permits fuel to flow from
the first bore, past the first seating, directly to the first
outlet opening, therefore by-passing the axially extend-
ing opening in the valve member. The movement of the
valve member results in the tip portion moving to a po-
sition in which it does not throttle fuel delivery, thereby
permitting a higher fuel delivery rate.
[0009] The tip portion may be of truncated, conical
form, the tip portion partially covering the first outlet
opening in the nozzle body when the valve member en-
gages the first seating such that fuel flow through the
opening is throttled, thereby permitting a low fuel deliv-
ery rate.
[0010] This embodiment of the invention provides the
advantage that accurate radial guidance of the valve
needle is not essential. The construction of the fuel in-
jector is therefore less complex and manufacture is sim-
plified. Additionally, the first outlet opening can be locat-
ed at a lower axial position in the nozzle body, as there
are no openings in the valve needle with which the first
outlet opening must align. Thus, the allowable pressure
limit for the injector can be increased.
[0011] The fuel injector conveniently includes a sac
formed downstream of the first seating and communi-
cating with the first outlet opening formed in the nozzle
body, the axially extending opening in the valve member
communicating with the sac to enable fuel to flow
through the axially extending opening into the sac and
out through the first outlet opening in the nozzle body.
Preferably, the sac is of truncated conical form so as to
minimise the dead volume.
[0012] The invention will further be described, by way
of example, with reference to the accompanying draw-
ings, in which:

Figure 1 is a sectional view of part of a fuel injector
in accordance with an embodiment;

Figures 2, 3 and 4 are views illustrating operation
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of the injector of Figure 1;

Figure 5 is a view similar to Figure 1 illustrating a
second embodiment;

Figure 6 is a perspective view of the valve member
of the injector of Figure 5;

Figure 7 is a view similar to Figure 1 illustrating a
third embodiment;

Figure 8 is a view similar to Figure 1 illustrating a
fourth embodiment; and

Figure 9 is an enlarged sectional view of a part of
the fuel injector in Figure 8.

[0013] The fuel injector illustrated, in part, in Figure 1
comprises a nozzle body 10 provided with a blind bore
11. The bore 11 defines, adjacent its blind end, a seating
surface 12 with which a frusto-conical end region of a
valve member 13 is engageable to control communica-
tion between the bore 11 and a plurality of first outlet
openings 14 located downstream of the seating.
[0014] The valve member 13 is provided with a blind
bore 15 within which a tip region 16a of a valve needle
16 is received. The tip region 16a is engageable with a
second seating 17, a plurality of second outlet openings
18 opening into the bore 15 downstream of the line or
area over which the valve needle 16 is engageable with
the second seating 17.
[0015] The blind bore 15 is shaped to include a region
of enlarged diameter which defines, with the needle 16,
a chamber 19 upstream of the second seating 17 which
communicates through drillings 20 with the interior of the
bore 11. The bore 11 is arranged to receive fuel under
high pressure from an appropriate fuel source, for ex-
ample the common rail of a common rail fuel system
which, in use, is charged to a suitably high pressure by
an appropriate high pressure fuel pump. As illustrated
in Figure 1, the bore 11 receives the fuel under high
pressure through a supply passage 21 which communi-
cates with an annular gallery 22 defined by a part of the
bore 11 of enlarged diameter.
[0016] The needle 16 is shaped to include, at its end
remote from the tip region 16a thereof, a region of 16b
diameter substantially equal to the diameter of the ad-
jacent part of the bore 11. Engagement between this
part of the needle 16 and the wall defining the bore 11
serves to guide the needle 16 for sliding movement with-
in the bore 11. In order to permit fuel to flow from the
annular gallery 22 towards the scatings and openings
of the nozzle body 10 and valve member 13, the needle
16 is provided with a plurality of grooves or flutes 16c in
a known manner.
[0017] The valve needle 16 is provided with an open-
ing through which a load transmitting pin 23 extends,
the pin 23 conveniently being an interference fit in the

opening to secure the pin 23 to the needle 16. The ends
of the pin 23 project radially from the valve needle 16
and extend into openings 24 provided in the valve mem-
ber 13. The openings 24 are of width substantially equal
to the diameter of the pin 23 but, in the orientation illus-
trated, are of height greater than the diameter of the pin
23. The positioning of the pin 23 and the openings 24
are such that, when the valve needle 16 engages the
second seating 17 and the valve member 13 engages
the first seating 12, the pin 23 is spaced slightly from the
lower end of each opening 24, and is spaced by a great-
er distance from the upper end of each opening 24.
[0018] The upper end region of the needle 16 is pro-
vided with a radially extending projection or pin 25 which
is received within a groove or slot 26 formed in the wall
defining the bore 11, the interaction between the pin 25
and the groove or slot 26 is such as to prevent or signif-
icantly restrict angular movement of the needle 16 rela-
tive to the bore 11, but to permit axial movement of the
needle 16. It will be appreciated that as angular move-
ment between the needle 16 and the nozzle body 10 is
inhibited, and the engagement of the pin 23 within the
openings 24 substantially prevents angular movement
occurring between the needle 16 and the valve member
13, that angular movement of the valve member 13 is
not permitted. As angular movement of the valve mem-
ber 13 is not permitted, the positioning of the first and
second groups of openings 14, 18 can be chosen to en-
sure that when the valve member 13 engages the first
seating surface 12, each of the second openings 18
communicates with a respective one of the first open-
ings 14.
[0019] Although not illustrated in Figure 1, the injector
includes an appropriate actuator arrangement which is
used to control movement of the valve needle 16. The
actuator arrangement may take any suitable form and
may, for example, comprise a piezoelectric stack ar-
rangement, the axial length of the piezoelectric stack
varying depending upon the magnitude of an electric
field applied thereto. Although the needle 16 may be
coupled directly to the piezoelectric stack, in order to
compensate for changes in the axial length of the pie-
zoelectric stack resulting, for example, from thermal ex-
pansion, a piston member may be located between the
needle 16 and the piezoelectric stack, the piston mem-
ber and needle 16 together defining a chamber which
communicates through a restriction with a suitable fluid
source, for example the supply passage 21.
[0020] Figures 1 and 2 illustrate the injector in an op-
erating condition in which fuel is not to be delivered. In
this condition, the actuator applies a downward force to
the needle 16 sufficient to ensure that the needle 16 en-
gages the second seating 17, the downward force being
transmitted through the needle to the valve member 13
and ensuring that the valve member 13 engages the first
seating 12. Due to the engagement between the valve
needle 16 and the second seating 17 and between the
valve member 13 and the first seating 12, it will be ap-
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preciated that fuel delivery is not permitted.
[0021] When injection of fuel is to commence, the
magnitude of the downward force applied to the needle
16 is reduced. As a result, a point will be reached beyond
which the fuel pressure within the bore 11 will apply a
sufficiently large magnitude force to the needle 16 to
cause the needle 16 to lift away from the second seating
17. Provided the distance moved by the needle 16 is
sufficiently small that the pin 23 remains spaced from
the upper ends of the openings 24, the movement of the
needle 16 is not transmitted to the valve member 13,
and the fuel pressure within the bore 11 acting upon the
valve member 13 will ensure that the valve member 13
remains in engagement with the first seating 12. Such
a position is illustrated in Figure 3. In such circumstanc-
es, fuel is able to flow from the bore 11 through the drill-
ings 20 to the chamber 19, and between the needle 16
and the second seating 17 to the second openings 18.
The fuel flows through the second openings 18 to the
first openings 14 and is delivered to a combustion space
of the engine with which the injector is associated. It will
be appreciated that the rate at which fuel is injected and
the other injection characteristics depend upon the sizes
of the first and second openings 14, 18 as well as the
number of openings provided and the shapes of the
openings. As the valve member 13 engages the first
seating 12, it will be appreciated that fuel is unable to
flow directly to the first openings 14.
[0022] Although, as described hereinbefore, the valve
member 13 will remain in engagement with the first seat-
ing 12 due to the action of the fuel under pressure within
the bore 11, if desired, a suitable spring may be provided
between the valve member 13 and the needle 16 to ap-
ply a suitable downward biasing force to the valve mem-
ber 13.
[0023] If desired, the delivery of fuel may be terminat-
ed by re-applying the original downward force to the
needle 16 to return the needle 16 to the position illus-
trated in Figures 1 and 2.
[0024] Alternatively, if fuel injection is to continue but
it is desired to achieve fuel injection at a different rate,
the magnitude of the downward force applied to the nee-
dle 16 may be further reduced, the fuel pressure within
the bore 11 causing additional movement of the needle
16 in an upward direction. The continued movement of
the needle 16 results in the pin 23 moving into engage-
ment with the ends of the openings 24, further move-
ment of the needle 16 being transmitted to the valve
member 13 through the pin 23, lifting the valve member
13 from the first seating 12 and permitting fuel to flow
from the bore directly to the first openings 14. Such a
position is illustrated in Figure 4. It will be appreciated
that in these circumstances, the flow of fuel to the first
openings 14 may bypass the second openings 18, and
as a result, the rate at which fuel is delivered or other
injection characteristics may be altered depending on
the relative shapes and sizes of the first and second
openings 14, 18. The shaping of the entry end of an

opening 14, 18 can have an effect on the fuel flow rate
through that opening. For example, for a given diameter
of opening 14, 18, the fuel flow rate therethrough will be
greater if the entry end of the opening is flared outwardly,
the wall of the flare being radiused, than if the entry end
of the opening is plain, and such shaping can be utilised
in the design of the injector to "tune" its operating char-
acteristics.
[0025] As described hereinbefore, termination of in-
jection may be achieved by re-applying the original
downward force to the needle 16 causing the needle 16
and valve member 13 to return to the position illustrated
in Figures 1 and 2. In order to ensure closure of the nee-
dle 16 at an optimum rate the sizing of the drillings 20
may be selected to achieve an appropriate pressure
drop between the bore 11 and the chamber 19.
[0026] If fuel injection is desired at the rate achieved
with the valve member 13 lifted from the first seating 12
without initially delivering fuel at the rate achieved when
the valve member 13 engages its seating, then the nee-
dle 16 should be lifted from the position illustrated in Fig-
ures 1 and 2 to that illustrated in Figure 4 quickly rather
than holding the needle 16 in the position illustrated in
Figure 3.
[0027] In the fuel injector described hereinbefore,
whilst the valve member 13 engages the first seating 12,
the sliding fit between the needle 16 and the bore 15
serves to guide the tip region of the needle 16, ensuring
that the needle 16 remains concentric with the second
seating 17. However, upon movement of the valve mem-
ber 13 away from the first seating 12, the needle 16 is
only guided at its upper end, and there is the possibility
that the valve member 13 may become eccentric rela-
tive to the first seating 12. Figures 5 and 6 illustrate a
modification to the arrangement illustrated in Figure 1
intended to ensure that the valve member 13 remains
concentric with the first seating 12 when the valve mem-
ber 13 is lifted from the first seating 12. In the arrange-
ment illustrated in Figure 5, the bore 11 is shaped to in-
clude a guide region 11 la of diameter substantially
equal to the diameter of the adjacent part of the valve
member 13. As a result, the valve member 13 is guided
for sliding movement within the bore 11. In order to en-
sure that the flow of fuel along the bore 11 is not inhibited
by the presence of the guide region 11a the valve mem-
ber 13 is conveniently provided with a plurality of flats
13a or other formations defining a flow path between the
valve member 13 and the guide region 11a.
[0028] The arrangement of Figure 5 further differs
from that of Figure 1 in that the pin 23 is an interference
fit within openings 24 provided in the valve member 13,
the pin 23 riding within a slot or other kind of opening
24a formed in the valve needle 16. The pin 23 further
projects beyond part of the valve member 13 and rides
within a groove 26a formed in the nozzle body 10 to re-
strict angular movement between the valve member 13
and the nozzle body 10, thereby ensuring that the first
and second openings 14, 18 align with one another
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when the valve member 13 engages the first seating 12.
[0029] Although in the embodiments described here-
inbefore, the valve member 13 is provided with the same
number of second openings 18 as the nozzle body 10
is provided with first openings 14, it will be appreciated
that the valve member 13 may be provided with fewer
second openings, in which case, when the valve mem-
ber 13 engages the first seating 12, and the needle 16
is lifted from the second seating 17, fuel injection
through only some of the first openings 14 will occur,
fuel injection through the remaining openings com-
mencing upon movement of the valve member 13 away
from the first seating 12. It will be appreciated that, in
such an arrangement, the shape of the spray formation
may be varied as well as the rate at which fuel is deliv-
ered by varying the distance through which the valve
needle 16 is lifted, in use.
[0030] In the embodiments illustrated and described
with reference to Figures 1 to 6, it is thought that, during
manufacture, the valve member 13 may be introduced
into the bore 11 and held in position whilst the second
openings 18 are drilled through the first openings 14.
Such drilling may simply used to mark the locations in
which the second openings 18 are to be formed, or the
second openings may be completely drilled during such
an operation.
[0031] Figure 7 illustrates an arrangement which is
largely similar to that of Figure 5, but in which the valve
member 13 is provided with a single, axially extending
opening 18 which communicates with a sac formed
downstream of the first seating 12, the sac communicat-
ing with at least one of the first outlet openings 14. Fur-
ther first outlet openings 14 are provided which do not
communicate with the sac and which are covered by the
valve member 13 when the valve member 13 engages
the first seating 12. In such an arrangement, the initial
movement of the valve needle 16 permits fuel delivery
to the sac and the first openings 14 which communicate
with the sac, further movement of the needle 16 lifting
the valve member 13 away from the first seating and
permitting fuel delivery through all of the first openings
14. By providing the nozzle body 10 with a plurality of
axially and radially spaced outlet openings 14, fuel de-
livery can therefore occur through one or more of the
outlet openings 14 depending on the extent of move-
ment of the valve needle 16 away from the second seat-
ing 17. Thus, it will be appreciated that, in such an ar-
rangement, the shape of the spray formation, the rate
of fuel delivery and other injection characteristics may
be varied depending upon the distance through which
the valve needle 16 is moved, in use. The embodiment
of Figure 7 is further advantageous in that manufacture
of the injector is simplified. The simplification arises from
the removal of the requirement that the first and second
openings 14, 18 must register with one another when
the valve member 13 engages its seating.
[0032] Figures 8 and 9 show a further alternative em-
bodiment of the invention in which the fuel injector in-

cludes a nozzle body 10 provided with a blind bore 11
in which a tip portion 27 of the valve member 13 is pro-
vided with an axially extending opening 28, located
downstream of the second seating 17, such that when
the valve needle 16 is lifted away from the second seat-
ing 17, fuel from within the bore 11 can flow past the
seating 17 through the opening 28. The tip portion 27 of
the valve member 13 is of truncated, conical form, as
can be most clearly seen in Figure 8, such that, when
the valve member 13 is in engagement with the seating
12, the truncated tip portion partially covers the open-
ings 14. Typically, the tip portion 27 of the valve member
13 is truncated such that, with the valve member 13 en-
gaging the seating 12, the flow area on entry to the outlet
openings 14 is approximately half that of the flow area
presented by each opening 14 if exposed. Thus, the flow
of fuel through the openings 14 is throttled to permit rel-
atively low fuel delivery rates.
[0033] The axially extending opening 28 in the valve
member 13 communicates with a sac 30 formed down-
stream of the first seating 12, the sac 30 communicating
with the outlet openings 14 formed in the nozzle body
10 to enable fuel to flow through the axially opening 28
into the sac 30 and out through the outlet openings 14,
as will be described hereinafter. The sac in a conven-
tional fuel injector, from which fuel flows to the fuel in-
jection outlets, is generally of conical form. Preferably,
however, the sac 30 in the fuel injector of the present
invention is of truncated conical form, thus minimising
the dead volume.
[0034] When injection of fuel is to commence, the
magnitude of the downward force applied to the valve
needle 16 is reduced. As a result, a point will be reached
beyond which the fuel pressure within the bore 11 will
apply a sufficiently large magnitude force to the valve
needle 16 to cause the valve needle to lift away from the
second seating 17 (i.e. out of the position shown in Fig-
ures 1 and 2). Provided the distance moved by the valve
needle 16 is sufficiently small that the pin 23 remains
spaced from the upper ends of the openings 24, the
movement of the valve needle 16 is not transmitted to
the valve member 13, and the fuel pressure within the
bore 11 acting upon the valve member 13 will ensure
that the valve member 13 remains in engagement with
the first seating 12.
[0035] In such circumstances, fuel is able to flow from
the bore 11 through the drillings 20 to the chamber 19,
and between the valve needle 16 and the second seat-
ing 17 into the sac 30 communicating with the axially
extending opening 28. Fuel is then able to flow from the
sac 30 out through the openings 14 and is delivered to
a combustion space of the engine with which the injector
is associated. The truncation of the tip portion 27 of the
valve member 13 throttles the flow to the openings 14,
thus permitting relatively low flow delivery rates. As the
valve member 13 engages the first seating 12, it will be
appreciated that fuel is unable to flow directly to the
openings 14 from the bore 11.
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[0036] As described hereinbefore, termination of in-
jection may be achieved by re-applying the original
downward force to the valve needle 16 causing the nee-
dle 16 and valve member 13 to return to the position
illustrated in Figures 1 and 2. In order to ensure closure
of the valve needle 16 at an optimum rate the sizing of
the drillings 20 may be selected to achieve an appropri-
ate pressure drop between the bore 11 and the chamber
19.
[0037] If fuel injection is desired at the rate achieved
with the valve member 13 lifted from the first seating 12
without initially delivering fuel at the rate achieved when
the valve member 13 engages its seating, then the valve
needle 16 can be lifted from the position illustrated in
Figures 8 and 9 quickly so that fuel can immediately flow
from the bore 11 directly to the openings 14, without the
intermediate step of flowing through the axially extend-
ing opening 28 in the valve member 13, as described
previously.
[0038] The fuel injector in Figures 8 and 9 provides
the advantage that it is simpler to manufacture as the
angular orientation of the inner valve needle 16 within
the bore of the valve member 13 is not so critical. The
invention also provides the advantage that the openings
14 can be located at a lower axial position in the nozzle
body 10, as there are no openings in the valve member
13 with which the openings 14 must align, and thus the
allowable pressure limit for the nozzle body 10 is in-
creased.
Each of the embodiments described hereinbefore may
be modified in such a manner as to includes several
rows of openings in the nozzle body. Further, if desired
and if sufficient space is available, a second valve mem-
ber, and further valve members, may be carried by the
valve member to permit further levels of injection rate or
other injection characteristics to be provided.
[0039] It will be appreciated that in any of the embod-
iments of the invention, the valve member 13 and the
bore 11 may be arranged such that movement of the
valve member is guided within the bore, as shown in
Figures 5 to 7.

Claims

1. A fuel injector comprising a nozzle body (10) pro-
vided with a first bore (11) and defining a first seat-
ing (12), a valve member (13) engageable with the
first seating (12) to control fuel flow from the first
bore (11) towards an outlet opening (14) located
downstream of the first seating (12), the valve mem-
ber (13) being provided with a second bore (15) de-
fining a second seating (17), a valve needle (16) be-
ing slidable within the second bore (15) and being
engageable with the second seating (17) to control
fuel flow from the second bore (15) towards a sec-
ond outlet opening (18, 28) provided in the valve
member (13), and a transmission arrangement

whereby movement of the valve needle (16) beyond
a predetermined position is transmitted to the valve
member (13).

2. The fuel injector as claimed in Claim 1, wherein the
transmission arrangement comprises a pin (23) as-
sociated with the valve needle (16) which is coop-
erable with an opening (24) provided in the valve
member (13) to permit movement of the valve nee-
dle (16) beyond a predetermined amount to be
transmitted to the valve member (13).

3. The fuel injector as claimed in Claim 1, wherein the
transmission arrangement comprises a pin (23) as-
sociated with the valve member (13) which is coop-
erable with an opening (24a) provided in the valve
needle (16) to permit movement of the valve needle
(16) beyond a predetermined amount to be trans-
mitted to the valve member (13).

4. The fuel injector as claimed in Claim 3, wherein the
pin (23) forms an interference fit within openings
(24) provided in the valve member (13).

5. The fuel injector as claimed in any of Claims 1 to 4
wherein the nozzle body is provided with a plurality
of first outlet openings (14).

6. The fuel injector as claimed in any of Claims 1 to 5,
wherein the first and second openings (14,18) are
located such that, when the valve member (13) en-
gages the first seating (12) and the valve needle
(16) is lifted from the second seating (17), the first
and second openings (14, 18) are arranged in se-
ries with one another, movement of the valve mem-
ber (13) away from the first seating (12) permitting
fuel delivery through the first outlet opening (14), by-
passing the second outlet opening (18).

7. The fuel injector as claimed in any of Claims 1 to 6,
wherein the valve member (13) is provided with a
plurality of second outlet openings (18).

8. The fuel injector as claimed in any of Claims 1 to 7
wherein the number of first outlet openings (14) is
equal to the number of second outlet openings (18).

9. The fuel injector as claimed in any of Claims 1 to 5,
wherein the valve member (13) includes a tip por-
tion (27) provided with the second outlet opening
(28) to allow passage of fuel from the second bore
(15) to the first outlet opening (14), the tip portion
(27) being arranged to partially cover the first outlet
opening (14) when the valve member (13) engages
the first seating (12) and being moveable to a posi-
tion in which the first outlet opening (14) is not cov-
ered by the tip portion (27).
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10. The fuel injector as claimed in Claim 9, wherein the
nozzle body (10) is provided with a plurality of axi-
ally and radially spaced first outlet openings (14) ar-
ranged such that, in use, fuel delivery occurs
through one or more of the first outlet openings (14)
depending on the extent of movement of the valve
needle (16) away from the second seating (17).

11. The fuel injector as claimed in Claim 9 or Claim 10,
wherein the second outlet opening in the valve
member (13) is an axially extending opening (28).

12. The fuel injector as claimed in any of Claims 9 to
11, wherein the tip portion (27) of the valve needle
(16) is of truncated, conical form, the tip portion (27)
partially covering the first outlet opening (14) when
the valve member (13) engages the first seating
(12) such that fuel flow through the first outlet open-
ing (14) is throttled to permit a relatively low fuel de-
livery rate.

13. The fuel injector as claimed in Claim 11 or Claim 12,
wherein the fuel injector includes a sac (30) formed
downstream of the first seating (12) and communi-
cating with the first outlet opening (14), the axially
extending opening (28) in the valve member (13)
communicating with the sac (30) to enable fuel to
flow through the axially extending opening (28) into
the sac (30) and out through the outlet opening (14),
in use, when the valve needle (16) is moved away
from the second seating (17).

14. The fuel injector as claimed in Claim 13, wherein
the sac (30) is of truncated, conical form.

15. The fuel injector as claimed in any of Claims 1 to
14, comprising means (25, 26; 23, 26a) for prevent-
ing angular movement of the valve needle (16) rel-
ative to the bore (11).

16. The fuel injector as claimed in any of Claims 1 to
15, wherein the first bore (11) comprises a guide
region (11a) which serves to guide movement of the
valve member (13) within the first bore (11).

17. The fuel injector as claimed in any of Claims 1 to
16, wherein the valve member (13) is provided with
a drilling (20) which communicates with the first
bore (11) to permit fuel flow between the first bore
(11) and a chamber (19) located upstream of the
second seating (17), the drilling (20) being of a suit-
able dimension to assist closure of the valve needle
(16) when it is desired to terminate fuel injection .
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