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(54) Fuel injector

(57)  Afuelinjector for use in an internal combustion
engine includes a valve needle (10) which is engagea-
ble with a valve needle seat (16) to control fuel injection
through an injector outlet (21). An actuator (20), typically
in the form of a piezoelectric actuator stack (22), is ar-
ranged to control fuel pressure within a control chamber
(50) and a surface associated with the valve needle (10)
is exposed to fuel pressure within the control chamber.
A load transmission means (36), preferably in the form
of a motion inverter, transmits movement of the actuator
(20, 22) to the valve needle (10). The load transmission
means includes a bellows arrangement (42) which is
compressible and expandable in response to said actu-
ator movement so as to vary fuel pressure within the
control chamber (50), thereby to control movement of
the valve needle (10) relative to the valve needle seat
(16). A piezoelectrically operable injector is operable in
an energise-to-inject mode to provide efficient opening
of the valve needle (10) and to enable rapid closure of
the valve needle (10).
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Description

[0001] The presentinvention relates to a fuel injector
for delivering fuel to a combustion space of a compres-
sion ignition internal combustion engine. In particular,
but not exclusively, the invention relates to a fuel injector
including a piezoelectric actuator for controlling move-
ment of an injector valve needle.

[0002] A known fuel injector of the type comprising a
piezoelectric actuatoris described in our co-pending Eu-
ropean patent application EP 1174615 A1. The injector
includes a valve needle which is movable relative to a
valve needle seat to control whether or not fuel is deliv-
ered through a plurality of injector outlets into an asso-
ciated engine cylinder. A surface of the valve needle is
exposed to fuel pressure within a control chamber. By
controlling fuel pressure within the control chamber,
valve needle movement towards and away from the
valve needle seat is controlled.

[0003] The piezoelectric actuator includes a stack of
piezoelectric elements and is arranged to control fuel
pressure within the control chamber through a load
transmitting arrangement in the form of a hydraulic am-
plifier. The hydraulic amplifier includes a control piston
which is mechanically coupled to the actuator stack and
slidable within a sleeve. The position occupied by a con-
trol piston within the sleeve determines the volume of
the control chamber and fuel pressure within it. By con-
trolling movement of the control piston, the pressure of
fuel within the control chamber can be varied so as to
control the movement of the valve needle. When fuel
pressure within the control chamber is relatively high,
the needle is urged into a closed, non-injecting state in
which fuel delivery to the engine is prevented. If fuel
pressure within the control chamber is reduced, the
valve needle is caused to lift to an open, injecting state
to initiate fuel injection. The injector can therefore be
switched between injecting and non-injecting states by
controlling fuel pressure within the control chamber by
means of the piezoelectric actuator.

[0004] The piezoelectric actuator is controlled by ap-
plying a voltage across the piezoelectric stack to vary
the stack length. For non-injecting states, the stack is
energised to a first energisation level (an initial voltage
level) and the stack is relatively long. In order to move
the valve needle to initiate injection, the voltage across
the stack must be reduced (an injecting voltage level)
so as to reduce the stack length, which in turn causes
the control piston to move. The voltages applied across
the stack are selected to provide displacement of the
stack through an amount that gives the required extent
of movement of the control piston to switch the injector
valve needle between its non-injecting and injecting
states through the resultant fuel pressure changes with-
in the control chamber.

[0005] The injector described previously is of the type
in which the voltage across the stack is reduced to ini-
tiate an injection event (a so-called "de-energise-to-in-
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ject" injector). For a de-energise to inject injector, the
actuator stack must be held at a relatively high voltage
for non-injecting conditions (around 95% of injector
service life). Injectors of this type enable accurate con-
trol of injection, particularly for low or normal injection
flow rates, but a potential problem is anticipated for high-
er injection flow rates. In order to achieve higher injec-
tion flow rates itis necessary to lift the valve needle away
from the valve needle seat by a relatively large amount
(referred to as "high lift"), which requires the normally-
high voltage across the stack to be reduced, by a rela-
tively large amount during each injection.

[0006] When high drive voltages are applied for a pro-
longed period, problems can arise due to gradual elec-
trochemical migration of the internal stack electrodes in
the presence of moisture and, as a result, short circuiting
may occur. An additional problem is that the relatively
high degree of stack movement (i.e. contraction and ex-
tension) required for higher injection flow rates can re-
duce stack life due to the propagation of cracks within
the piezoelectric material. It has also been recognised
that high injection flow rates result in large pressure dif-
ferentials within the flow passages to the injector outlets,
which in turn create hydraulic forces acting against the
valve needle lift forces, thus reducing the maximum at-
tainable lift for higher injection pressures.

[0007] One way to address the problem of maintain-
ing a high voltage across the stack for long periods of
time is to configure the injector so that energisation of
the stack results in injection (i.e. energise-to-inject as
opposed to de-energise-to-inject). US 6 520 423 de-
scribes a fuel injector of the energise-to-inject type. Al-
though injectors of this type require high stack voltages
to be maintained for only a relatively short time (i.e.
about 5% of injector service life), they also suffer from
the problem that high injection flow rates result in large
pressure differentials across the length of the needle,
reducing the maximum attainable needle lift. A further
problem exists in that bi-polar operation of the piezoe-
lectric stack is not usually possible with energise-to-in-
jectinjectors, as maintaining the stack at a high negative
voltage for prolonged periods of time (around 95%) re-
sults in depolarisation of the stack. Energise-to-inject in-
jectors are therefore not capable of achieving such high
stack displacements, thus imposing a limit on the max-
imum attainable lift of the valve needle.

[0008] It is with a view to addressing at least one of
the aforementioned problems that the present invention
provides an improved fuel injector, as set out below.
[0009] According to the present invention, there is
provided a fuel injector for use in an internal combustion
engine, the fuel injector comprising a valve needle which
is engageable with a valve needle seat to control fuel
injection through an injector outlet, an actuator arranged
to control fuel pressure within a control chamber, a sur-
face associated with the valve needle being exposed to
fuel pressure within the control chamber, a load trans-
mission means for transmitting movement of the actua-
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tor to the valve needle, wherein the load transmission
means includes a bellows arrangement which is com-
pressible and expandable in response to said actuator
movement so as to vary fuel pressure within the control
chamber and control movement of the valve needle rel-
ative to the valve needle seat.

[0010] The use ofthe bellows arrangement to transmit
the actuation force of the actuator to the valve needle
by controlling pressure variations in the control chamber
is mechanically convenient.

[0011] In a preferred embodiment, the load transmis-
sion means takes the form of a motion inverter for con-
verting movement of the actuator in one direction into
movement of the valve needle in substantially the oppo-
site direction. The invention is therefore particularly ap-
plicable to injectors of the type including a piezoelectric
actuator for operation in an energise-to-inject mode i.e.
where an increase in voltage applied across the stack
results in an injection of fuel.

[0012] Preferably, the load transmission means fur-
ther includes a sleeve which is co-operable with the bel-
lows arrangement so as to impart movement of the ac-
tuator to the bellows arrangement.

[0013] In one embodiment, the surface associated
with the valve needle is defined by a control piston which
is coupled to the valve needle, wherein the control piston
is slidable within the sleeve in response to fuel pressure
variations within the control chamber.

[0014] Inanalternative embodiment, the valve needle
may be slidable directly within the sleeve in response to
fuel pressure variations within the control chamber. It
may be advantageous to provide a separate control pis-
ton, however, for ease of manufacture.

[0015] Preferably, the bellows arrangement includes
a plurality of disc spring elements arranged in concertina
fashion.

[0016] The valve needle is conveniently movable
within a bore provided in a nozzle body, the disc springs
being arranged in a concertina-like stack so that a lower
one of the disc spring seals against a surface of the noz-
zle body and an upper one of the disc springs seals
against the sleeve to define an internal bellows volume
that is filled with fuel.

[0017] The disc springs are co-operable with one an-
other, in use, so as to compress and expand the bellows
arrangement in dependence upon actuation of the ac-
tuator and, thus, to vary the internal bellows volume that
is filled with fuel. When the bellows are compressed, fuel
is dispelled from the bellows volume to increase fuel
pressure within the control chamber, thus applying an
increased lift force to the valve needle, directly or via the
control piston, to enable opening movement of the nee-
dle to initiate injection. When the bellows are allowed to
expand, fuel is able to re-fill the bellows volume, reduc-
ing the fuel pressure within the control chamber and,
thus, allowing the valve needle to re-seat against the
valve needle seat to terminate injection.

[0018] Preferably, the valve needle seat is defined at

10

15

20

25

30

35

40

45

50

55

one end of the valve needle and a chamber for receiving
fuel is defined at the other end of the valve needle. Pref-
erably, the chamber houses a valve needle spring which
is arranged to urge the valve needle into engagement
with the valve needle seat.

[0019] The injector may further comprise a fuel deliv-
ery path for delivering fuel to the injector outlet when the
valve needle is lifted from the valve needle seat, wherein
the valve needle includes communication means be-
tween the fuel delivery path and the chamber to aid
opening movement of the valve needle.

[0020] The communication means preferably takes
the form of an axial flow path provided within the valve
needle which may extend part way along, or the entire
length of, the needle axis.

[0021] The communication means may further in-
clude at least one radial flow path provided in the valve
needle, one end of which communicates with the fuel
delivery path and the other end of which communicates
with the axial flow path.

[0022] The communication means is advantageous
as it provides a means for aiding the opening force act-
ing on the valve needle due to the effect of the fuel pres-
sure drop in the region of the valve needle seat as in-
jection is commenced being transmitted to the chamber
through said communication means. In other words,
there is a reduction in the force due to fuel pressure with-
in the chamber at the upper end of the valve needle,
which opposes the valve needle lift force, and this has
the effect of aiding valve needle opening movement.
[0023] In a preferred embodiment, the communica-
tion means includes a damper valve arranged to define
a restricted flow path between the axial flow path and
the chamber. In a further preferred embodiment, the
damper valve includes a damper valve member which
is engageable with a seating, wherein the damper valve
member adopts a seated position in circumstances in
which the valve needle is lifting away from the valve nee-
dle seat, thereby to damp opening movement of the
valve needle, and a lifted position in circumstances in
which the valve needle is moving towards the valve nee-
dle seat, thereby to ensure closing movement of the
valve needle is substantially undamped.

[0024] The provision of the restricted flow path in the
damper valve provides a degree of damping of opening
movement to prevent unwanted valve needle move-
ment during injection and to improve control of valve
needle movement. However, the ability of the damper
valve member to lift from the seating ensures closing
movement of the valve needle is substantially unaffect-
ed, as the restricted flow path is by-passed upon re-fill-
ing of the chamber at the upper end of the needle at the
end of injection. Rapid closure of the valve needle can
therefore still be achieved.

[0025] Preferably, the fuel delivery path includes a fu-
el delivery chamber defined between the valve needle
and the nozzle body bore, and wherein the or each radial
flow path is provided in the valve needle so as to com-
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municate with the fuel delivery chamber.

[0026] In one embodiment, the injector includes a fur-
ther restricted flow path defined within the valve needle
to provide communication between the control chamber
and the communication means so as to ensure eventual
closure of the valve needle in the event of failure of the
actuator. If the actuator should become stuck in the ac-
tuated (injecting) state, eventually fuel pressure within
the control chamber will reduce due to the restricted flow
of fuel out of the control chamber into the communica-
tion means.

[0027] In an alternative embodiment, in which the
aforementioned axial flow path is not provided, the fur-
ther restricted flow path may be provided in the sleeve
or the nozzle body so as to communicate at one end
with the control chamber, and thereby to allow fuel to
escape from the control chamber at a restricted rate to
ensure eventual closure of the valve needle in the event
of failure of the actuator.

[0028] Inafurther preferred embodiment, the actuator
is arranged within an actuator housing, wherein one end
of an injector nozzle body is received within the actuator
housing so that the other end of the nozzle body projects
therefrom, the nozzle body defining an external seating
surface of substantially part-spherical form for abutment
with an internal abutment surface defined by the actua-
tor housing. This arrangement ensures good concen-
tricity can be achieved between parts of the injector, par-
ticularly for embodiments where bellows are replaced
with a sleeve having an elongate skirt extension. It is
preferred that the internal abutment surface is of frusto-
conical form.

[0029] According to a second aspect of the invention,
therefore, there is provided a fuel injector for use in an
internal combustion engine, the fuel injector including a
valve needle which is movable within a bore provided in
a nozzle body and engageable with a valve needle seat
to control fuel injection through an injector outlet, an ac-
tuator for controlling movement of the valve needle, the
actuator being arranged within an actuator housing,
wherein one end of the nozzle body is received within
the actuator housing so that a lower end of the nozzle
body projects therefrom and wherein the nozzle body
defines an external seating surface of substantially part-
spherical form for abutment with an internal abutment
surface of the actuator housing. It is generally preferred
that the abutment surface of the actuator housing is of
frustoconical form.

[0030] Itis advantageous to use the nozzle body hav-
ing a part-spherical seating surface for engagement
within the actuator housing, even in an injector in which
the load transmitting means does not include a bellows
arrangement. This is because a degree of play is per-
mitted between the actuator housing and the nozzle to
accommodate misalignment between the parts which
may arise, for example, as a result of manufacturing tol-
erances.

[0031] According to a third aspect of the invention,
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there is provided an injector for use in an internal com-
bustion engine, the injector including a valve needle
which is engageable with a valve needle seat to control
fuel injection through an injector outlet, an actuator
which is arranged to control fuel pressure within a con-
trol chamber, a surface of the valve needle being ex-
posed to fuel pressure within the control chamber, a
valve needle chamber for receiving fuel and being ar-
ranged at one end of the valve needle so that a surface
associated with the valve needle is exposed to fuel pres-
sure within the valve needle chamber, a fuel delivery
path for delivering fuel to the injector outlet when the
valve needle is lifted from the valve needle seat, wherein
the valve needle is provided with communication means
between the fuel delivery path and the chamber to aid
opening movement of the valve needle.

[0032] The aforementioned preferred or optional fea-
tures of the communication means of the first aspect
may be incorporated in the second or third aspects of
the invention also.

[0033] Although any of the aforementioned aspects of
the invention may include an actuator having a stack of
one or more piezoelectric elements, other actuators, for
example electromagnetically operable actuators, may
be provided as an alternative.

[0034] If a piezoelectric actuator is provided, prefera-
bly the piezoelectric stack will be arranged within an ac-
cumulator volume for high pressure fuel, the sleeve and
the bellows arrangement also being located within the
accumulator volume and the internal bellows volume
being sealed therefrom by end ones of the disc spring
stack.

[0035] According to a fourth aspect of the invention,
there is provided a load transmission device for use, in
particular, within a fuel injector including an actuator, the
load transmission device being operable to transmit ac-
tuation of the actuator to an injector component, in use,
the load transmission device including a bellows ar-
rangement including a stack of disc spring members.
[0036] In one particular embodiment, the fuel injector
includes a piezoelectric actuator and is of the de-ener-
gise-to-inject type comprising a valve needle which is
engageable with a valve needle seat to control fuel in-
jection through an injector outlet, an upper end of the
needle being movable within a sleeve coupled to the ac-
tuator and a surface associated with the valve needle
being exposed to fuel pressure within the control cham-
ber, the piezoelectric actuator being operable to control
fuel pressure within the control chamber and the injector
further comprising a bellows arrangement which is com-
pressible and expandable in response to operation of
the actuator and which serves to urge the sleeve to-
wards the actuator.

[0037] The upper end of the valve needle may be
movable directly within the sleeve or may be coupled to
a control piston which moves within the sleeve.

[0038] Preferred and/or optional features of any of the
aforementioned aspects of the invention may also be
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incorporated within the other aspects of the invention.
[0039] The invention will now be described, by way of
example only, with reference to the accompanying fig-
ures in which:

Figure 1 is a sectional view of a fuel injector of the
energise-to-inject type of a first embodiment of the
present invention;

Figure 2 is an enlarged sectional view of a part of
the fuel injector in Figure 1;

Figures 3 to 5 are enlarged sectional views, similar
to that in Figure 2, of alternative embodiments of
the fuel injector of the present invention.

[0040] Referring to Figures 1 and 2, a fuel injector of
the energise-to-inject type includes a valve needle 10
which is slidable within a bore 12 provided in an injector
nozzle body 14. The valve needle 10 includes a valve
needle tip region 11 which is engageable with a valve
needle seat 16 defined by the bore 12 to control fuel
injection to an associated combustion space or engine
cylinder. The valve needle seat 16 takes the form of a
twin valve seat, as discussed further below. The injector
nozzle body 14 is received, at its upper end, within an
actuator housing 18 for a piezoelectric actuator 20 in-
cluding a stack 22 of elements formed from a piezoe-
lectric material. The piezoelectric actuator 20 is opera-
ble to control movement of the valve needle 10 between
a non-injecting position, in which it is seated against the
valve needle seat 16, and an injecting position in which
the valve needle 10 is lifted away from the valve needle
seat 16.

[0041] As can be seen most clearly in Figure 2, the
valve needle 10 is shaped to include an upper guide re-
gion 110 which forms a sliding fit within the nozzle body
bore 12 so as to guide axial movement of the valve nee-
dle 10 as it moves relative to the valve needle seat 16.
The valve needle 10 is also shaped to include a lower
guide region 210 to provide the same function.

[0042] The lower end of the nozzle body 14 projects
from the actuator housing 18 so that injector outlets 21
(only one of which is shown) provided in said lower end
extend into the engine cylinder. The upper end of the
actuator housing 18 is received within an upper housing
24 (only shown in Figure 1) including an inlet 26 for re-
ceiving high pressure fuel from a fuel source (not
shown), typically in the form of a common rail. The inlet
26 communicates with a supply passage 28 provided in
the upper housing 24. The actuator housing 18 is pro-
vided with a through drilling 19, an upper region of which
defines an internal volume or "accumulator volume" 30.
The supply passage 28 connects with the accumulator
volume 30, which is thus filled with fuel at high pressure.
The piezoelectric stack 22 is encapsulated within a seal-
ant coating 32 and received within the accumulator vol-
ume 30 so that the stack 22 is exposed continuously to
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a large hydraulic force due to fuel pressure within the
volume 30.

[0043] The piezoelectric actuator 20 is also provided
with an electrical connector 34 to which a voltage is ap-
plied across the stack 22 from an external voltage
source (not shown). Being of the energise-to-inject type,
the piezoelectric actuator 20 is configured such that,
when under non-injecting conditions, a relatively low
voltage is applied across the actuator stack 22. With on-
ly a relatively low voltage across the stack 22, the stack
length is relatively short and the valve needle 10 occu-
pies a position in which it is seated against the valve
needle seat 16 so that fuel injection does not take place
through the outlets 21. When a relatively high voltage is
applied across the piezoelectric stack 22, the stack
length is caused to increase and as a result the valve
needle 10 lifts away from the valve needle seat 16 to
commence injection. Operation of the fuel injector will
be described in further detail later.

[0044] Referring in particular to Figure 2, extension
and contraction of the stack 22 (in other words, stack
movement) is transmitted to the valve needle 10 through
a load transmission means, or load transmitter, referred
to generally as 36, arranged within a lower region of the
actuator housing bore 19. The load transmission means
takes the form of a motion inverter which converts down-
ward movement (extension) of the piezoelectric stack
22 into upward (opening) movement of the valve needle
10, and vice versa. The motion inverter includes a
sleeve 38 which is received within the lower region of
the accumulator volume 30, a control piston 40 which is
slidable within a bore 39 of the sleeve 38 and a bellows
arrangement 42 arranged immediately below the sleeve
38. The control piston 40 is coupled to the upper end of
the valve needle 10 so that the two parts 10, 40 are mov-
able together. The control piston 40 may be coupled to
the valve needle 10 by means of an interference fit, al-
though in an alternative embodiment the control piston
40 and the valve needle 10 may be formed as a single
part.

[0045] The bellows 42 include a stack of disc spring
members 44 which are arranged in a concertina fashion
so that an upper disc spring of the stack is in sealed
engagement with the lower surface of the sleeve 38 and
alower disc spring of the stack is in sealed engagement
with a surface of the nozzle body 14. The bellows 42
define an internal bellows volume for high pressure fuel,
which is that volume defined between adjacent ones of
the disc springs 44. The bellows 42 are expandable and
compressible in response to de-actuation and actuation
of the stack 22 to vary the internal bellows volume, as
discussed further below.

[0046] The piezoelectric stack 22 includes an end
piece 48 in engagement with an intermediate load trans-
mitting member 46. An annular seal 51 is provided be-
tween the load transmitting member 46, the end piece
48 and the stack sealant 32 so as to prevent ingress of
fuel into the stack 22 from the accumulator volume 30.
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An upper surface of the sleeve 38 abuts the underside
of the load transmitting member 46 so that, as the stack
length is varied in use, movement of the stack 22 is
transmitted through the load transmitting member 46 to
the sleeve 38 and, hence to the disc springs 44. A con-
trol chamber 50 for fuel is defined between the lower
surface of the control piston 40 and the upper end sur-
face of the nozzle body 14 and fuel pressure within the
control chamber 50 acts on the control piston 40 in an
upward direction. An upper end of the nozzle body 14
projects into the bellows 42 so that an outer surface of
the nozzle body 14 defines a clearance with the radially
inner side of the bellows 42 through which fuel is able
to flow between the internal bellows volume and the con-
trol chamber 50.

[0047] A valve needle spring 54 is received within a
spring or damper chamber 56 defined within an upper
end of the sleeve 38. The spring chamber 56 is filled
with high pressure fuel which, together with the valve
needle spring force, serves to urge the valve needle 10
into engagement with the valve needle seat 16. The
pressure of fuel within the damper chamber 56 also
serves to resist opening movement of the valve needle
10.

[0048] One end of the valve needle spring 54 abuts
the lower surface of the load transmitting member 46
and the other end of the spring 54 abuts a damper valve
arrangement 58, 60. The damper valve arrangement in-
cludes an annular damper valve 58 located within the
spring chamber 56 and engageable with a valve seating
60 defined by an upper surface of the valve needle 10.
The annular damper valve 58 defines a means for aiding
rapid closure of the valve needle 10 at the end of injec-
tion, as discussed further below. The damper valve 58
is provided with a central drilling 62, one end of which
communicates with the spring chamber 56 and the other
end which communicates with an axially extending drill-
ing 64 provided in the valve needle. The drilling 64 de-
fines an axial flow path for fuel, including an upper region
164 of relatively large diameter and a lower region 264
of smaller diameter, which extends along the entire
length of the valve needle 10 between the chamber 56
at the upper end and the valve needle tip 11 at the lower
end. The axial flow path 64 forms a part of a communi-
cation means (such as a communication path) for aiding
opening movement of the valve needle 10 (i.e. away
from the valve needle seat 16) when injection is initiated,
as discussed further below.

[0049] A fuel delivery means is provided between the
accumulator volume 30 and the valve needle tip 11 to
enable high pressure fuel to flow towards the region of
the valve needle seat region at 16. The fuel delivery
means includes an upper pair of radially extending drill-
ings 66 in the nozzle body 14, an annular groove 68 pro-
vided at the upper end of the valve needle 10 and addi-
tional flutes (not shown in Figures 1 and 2) provided on
the outer surface of the valve needle 10. The outer sur-
face of the valve needle 10 and the nozzle body bore
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12 are further shaped to define a fuel delivery chamber
70 between the groove 68 at the upper end of the valve
needle and the valve needle tip 11 in the region of the
valve needle seat 16. A second pair of radially extending
drillings 72 are located towards the lower end of the
valve needle 10. The second radially extending drillings
72 form part of the communication means for aiding
opening movement of the valve needle 10 upon injection
(as mentioned above) and define a radial flow path for
fuel between the fuel delivery means 66, 68, 70 and the
axial flow path 64.

[0050] From the foregoing description it will be appre-
ciated that as the inlet 26, the supply passage 28, the
accumulator volume 30, the radial flow paths 66 in the
nozzle body 14, the flutes 68 on the valve needle 10 and
the fuel delivery chamber 70 together provide a flow
path to permit high pressure fuel that is delivered to in-
jector at the inlet 26 to flow to the valve needle tip 11 in
the region of the seat 16.

[0051] Operation of the injector will now be described
in further detail. Starting from a non-injecting condition,
the valve needle 10 is seated against the valve needle
seat 16. Fuel is delivered through the delivery path 66,
68, 70 but is unable to flow past the valve needle seat
16 to the injector outlets 21 as the valve needle 10 is
seated. In this condition, the voltage across the piezoe-
lectric stack 22 is at an initial voltage level that is rela-
tively low and so the stack 22 has a relatively short
length. Typically, the initial voltage level across the pie-
zoelectric stack 22 is just greater than zero volts. With
the stack 22 in its contracted state, the force acting on
the bellows 42 through the sleeve 38 is low so that the
internal volume of the bellows 42 is at a maximum (i.e.
the bellows are expanded) and is filled with high pres-
sure fuel. Fuel pressure within the control chamber 50
is relatively low and, thus, the upward force acting on
the control piston 40 due to fuel pressure in the control
chamber 50 is relatively low.

[0052] Considering the forces acting on the valve nee-
dle 10, the net upward force acting on the valve needle
10 in the opening direction is determined by fuel pres-
sure in the control chamber 50 which acts on the control
piston 40 and hydraulic forces acting on the valve nee-
dle 10 due to fuel pressure within the delivery path 68,
70. The net downward force acting on the valve needle
10 in the closing direction is determined by fuel pressure
within the spring chamber 56 and the valve needle
spring force. When the piezoelectric stack 22 is in its
contracted state, fuel pressure within the control cham-
ber 50 is sufficiently low that the net downward force on
the valve needle 10 exceeds the net upward force and,
thus, the valve needle 10 remains seated against the
valve needle seat 16.

[0053] Inorder toinitiate injection, the voltage applied
across the piezoelectric stack 22 is increased to a rela-
tively high level (the "injecting voltage level"). As a re-
sult, the length of the piezoelectric stack 22 is increased,
causing the end of the stack 22 to transmit movement
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through the intermediate transmitting member 46 to the
sleeve 38. The sleeve 38 is thus caused to move down-
wardly within the accumulator volume 30, compressing
the bellows 42 and causing the internal volume of the
bellows 42 to be reduced. As a result of the bellows 42
being compressed, fuel is displaced from the internal
volume of the bellows 42 and, thus, fuel pressure within
the control chamber 50 immediately beneath the control
piston 40 is increased.

[0054] As fuel pressure within the control chamber 50
increases, a point will be reached at which the upwardly
directed force acting on the coupled needle 10 and pis-
ton 40 is sufficient to overcome the force due to fuel
pressure within the spring chamber 56 acting in combi-
nation with the valve needle spring force. The control
piston 40 therefore moves upwardly within the sleeve
bore 39 and, hence, the valve needle 10 starts to lift from
the valve needle seat 16. The upward force on the valve
needle 10 due to fuel pressure within the delivery path
68, 70 also acts to lift the needle 10. As the valve needle
10 starts to lift from the valve needle seat 16, fuel within
the delivery chamber 70 is able to flow through the out-
lets 21 into the engine cylinder, and injection takes place
into the engine cylinder.

[0055] As the valve needle 10 starts to lift to com-
mence injection, fuel pressure within the fuel delivery
chamber 70 will reduce due to the flow of high pressure
fuel through the outlet openings 21. Due to provision of
the radial flow paths 72 and the axial flow path 64 in the
valve needle 10, and the drilling 62 in the annular damp-
er valve 58, the effect of this pressure reduction in the
delivery chamber 70 will be apparent in the spring cham-
ber 56 also due to fuel flowing from the spring chamber
56 to a region of lower pressure. As a result of pressure
equalisation between the upper and lower ends of the
valve needle 10, the net downward force on the valve
needle 10 is further reduced, therefore benefiting the lift
force on the valve needle 10 to aid further opening
movement. It is a particular advantage of this feature of
the invention that greater valve needle lift can be
achieved for lower actuation forces (i.e. applied by the
piezoelectric actuator). This is particularly relevant in
circumstances in which higher injection flow rates, and
hence higher valve needle lifts, are required. The extent
to which flow through the axial flow path 64 influences
valve needle lift will be determined by the axial position
of the radial flow paths 72 along the valve needle axis
and the flow area of the delivery chamber 70 supplying
fuel to the outlet openings 21. These parameters can be
selected carefully to provide the required valve needle
opening characteristics.

[0056] Due to the provision of the restricted drilling 62
in the annular damper valve 58, the flow of fuel from the
spring chamber 56 to the axial flow path 64 in the valve
needle 10 occurs at a restricted rate, so that opening
movement of the valve needle 10 is slightly damped.
Damping of opening movement of the valve needle 10
has been found to be advantageous as it avoids unwant-
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ed oscillation and overshoot of the valve needle at the
desired lift.

[0057] In order to terminate injection, the voltage
across the piezoelectric stack 22 is reduced from the
injecting voltage level to the initial voltage level, thereby
reducing the length of the stack 22. As a consequence,
the force transmitted to the bellows 42 is reduced so that
they expand to increase the internal bellows volume as
the individual disc springs 44 move apart from one an-
other. As a result of the bellows 42 expanding, fuel pres-
sure within the control chamber 50 is reduced and a
point will be reached at which fuel pressure within the
control chamber 50 is reduced to a sufficiently low level
that the force of the valve needle spring 54, acting in
combination with fuel pressure within the spring cham-
ber 56, is sufficient to overcome the opening forces act-
ing on the valve needle 10 to return the valve needle 10
against its seat 16. Injection of fuel through the outlet
openings 21 is therefore terminated.

[0058] Whilst damping of opening movement of the
valve needle 10 has been found to be advantageous, it
is preferable for closing movement of the valve needle
10 to be achieved very rapidly. As the voltage across
the stack 22 is decreased to the initial voltage level and
the piezoelectric stack 22 starts to contract which in-
creases the volume of the chamber 56, the control pis-
ton 40 is drawn downwards and, hence, the valve nee-
dle 10 starts to close. As the spring chamber volume
starts to increase, fuel pressure within the spring cham-
ber 56 starts to decrease and a point will be reached at
which the annular damper valve 58 is caused to lift away
from its damper valve seating 60 and fuel within the axial
flow path 64 is able to flow past the damper valve seating
60 and into the spring chamber 56 at a relatively high
rate, by-passing the restricted drilling 62. Fuel pressure
within the spring chamber 56 therefore increases rela-
tively quickly, assisting closing movement of the valve
needle 10 and preventing any significant damping of
said movement.

[0059] Afurtherfeature of the injectorin Figures 1 and
2 is the provision of a restricted drilling 74 in the valve
needle 10 which connects the control chamber 50 with
the axial flow path 64 in the valve needle 10. When the
valve needle 10 is lifted from the valve needle seat 16,
the axial flow path 64 is at reduced pressure (by virtue
of communication with the delivery chamber 70 through
the radial flow paths 72) and so fuel will flow from the
control chamber 50, at a restricted rate, through the re-
stricted needle drilling 74 into the axial flow path 64. The
restricted needle drilling 74 is sized so that, in normal
circumstances, fuel pressure within the control chamber
50 cannot escape through the drilling 74 into the axial
flow path 64 at a sufficiently high rate to influence oper-
ation, as described previously. However, should the pi-
ezoelectric stack 22 fail, so that it becomes stuck in the
actuated (extended) state, high pressure fuel in the con-
trol chamber 50 will eventually decrease, due to flow
through the restricted needle drilling 74, thereby allow-
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ing the valve needle 10 to close.

[0060] If particularly high injection flow rates are re-
quired, the injector may be configured such that the
pressure differential across the length of the valve nee-
dle 10 to achieve high valve needle lift values is so great
that reducing the voltage across the piezoelectric stack
22 to the initial voltage level (usually substantially zero
volts) does not provide sufficient contraction of the pie-
zoelectric stack 22 to ensure rapid closure the valve
needle 10. If this occurs, the piezoelectric stack 22 may
be driven to a lower voltage level, beyond the initial volt-
age level (i.e. typically a negative voltage level), so as
to drive the stack 22 beyond its initial length, thus closing
the valve needle 10 more rapidly. Once the valve needle
10 has been urged against the valve needle seat 16, the
voltage across the piezoelectric stack 22 can be in-
creased from the lower voltage level to the initial voltage
level once again, thereby contracting the stack 22 back
to its original length.

[0061] Inorderto permitall of the injector components
to align appropriately, and particularly the stack 22, the
sleeve 38, the control piston 40, the bellows 42 and the
valve needle 10, the nozzle body 14 is shaped to define
a part-spherical seating surface 78 which seats against
an internal abutment surface 76, of frustoconical form,
defined by the actuator housing 18. The provision of the
part-spherical seating surface 78 for engagement with
the frustoconical abutment surface 76 allows the posi-
tion of the nozzle body to adjust in order to compensate
for any slight errors in squareness, parallelism and/or
concentricity between the injector parts 38, 42, 40, 22,
10. This ensures that the piezoelectric stack 22 applies
an evenly distributed axial force to the sleeve 38 and
thus reduces damage caused due to bending loads on
the piezoelectric stack 22 and/or the valve needle 10.
[0062] In a particularly preferred embodiment, the
valve needle 10 is arranged to seat against two valve
seats (identified by 16), both of which are defined by the
surface of the bore 12 in the nozzle body 14. This pro-
vides the advantage of an additional lift force for the
valve needle 16 as it starts to move away from the seats
16 due to fuel pressure downstream of the axially lower
one of the two seats. This also has benefit for injection
at a higher rate. The twin valve needle seat 16 is de-
scribed in European patent application 04250132.0.
The injector shown in Figures 1 and 2 has such a twin
valve seat 16.

[0063] Figure 3 shows an alternative embodiment of
the fuel injector, in which similar parts to those shown in
Figures 1 and 2 are identified with like reference numer-
als. Many features of the injector in Figure 3 are identical
to those in Figures 1 and 2, and so will not be described
in detail again. In contrast to the embodiment in Figures
1 and 2, in the embodiment of Figure 3 the axial flow
path 64 through the valve needle 10 does not extend to
the valve needle tip 11, but instead terminates part way
along the valve needle axis. The axial flow path 64 in-
cludes an enlarged diameter upper end region 164 and
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a reduced diameter lower end region 264 which com-
municates with upper radial flow paths 172 in the valve
needle 10. A further modification is that the valve needle
10 has just a single valve needle seat 16, as opposed
to the twin needle seat of the embodiment of Figures 1
and 2. The extent to which flow through the axial flow
path 64 influences valve needle lift is less significant in
Figure 3 due to the axial flow path 64 being shorter, but
nonetheless this may be adequate for some applica-
tions. Additionally, the provision of a shorter axial drilling
through the valve needle 10 to define the axial flow path
64 is easier to manufacture.

[0064] Figure 4 shows a further alternative embodi-
ment of the injector, again in which similar parts to those
described previously are identified with like reference
numerals. In Figure 4, the axial flow path 64 of the pre-
vious embodiments is omitted altogether. Instead, the
sleeve 38 is provided with first and second radial drill-
ings 80 which define flow paths for fuel between the
spring chamber 56 and the accumulator volume 30. As
the valve needle 10 is caused to lift from its seat 16 to
initiate injection, there is a slight reduction in pressure
within the accumulator volume 30 due to the flow of fuel
through the outlets 21. Fuel within the spring chamber
56 therefore flows through the flow passages 80 to the
accumulator volume 30 and, hence, the downward hy-
draulic force acting on the valve needle 10 due to fuel
within the spring chamber 56 is reduced slightly, aiding
needle lift. It is one benefit of this embodiment that the
valve needle 10 need not be provided with an axially
extending drilling, although performance for high injec-
tion flow rates may be compromised slightly.

[0065] Due to there being no drilling 64 through the
valve needle 10 in the Figure 4 embodiment, it is nec-
essary to provide an alternative means for ensuring clo-
sure of the valve needle 10 in the event that the piezo-
electric stack 22 becomes stuck in the extended (inject-
ing) state. For this purpose, a restricted drilling 82 may
be provided at the lower end of the sleeve 38 to provide
a constant communication path of restricted flow area
between the control chamber 50 and the accumulator
volume 30.

[0066] As an alternative to providing the restricted
drilling 82, a clearance may be defined between the low-
er end of the sleeve 38 and the upper end of the bellows
42 (i.e. the upper end one of the disc springs 44) to pro-
vide the aforementioned flow path between the control
chamber 50 and the accumulator volume 30.

[0067] In a further alternative embodiment, a restrict-
ed drilling 84 (as shown in dashed lines) may be provid-
ed in the upper end of the nozzle body 14 to provide a
constant communication path of restricted flow area be-
tween the accumulator volume 30 and the control cham-
ber 50 by virtue of the clearance between the radially
inner surface of the bellows 42 and the radially outer
surface of the nozzle body 14 which extends into the
bellows 42. One end of the nozzle body drilling 84 com-
municates with the annular groove 68 on the outer sur-
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face of the valve needle 10 and the other end of the drill-
ing 84 communicates with the aforementioned clear-
ance. Whether the restricted nozzle body drilling 84 or
the clearance gap 82 is provided, in the event that the
stack 22 becomes stuck in its extended state with high
fuel pressure in the control chamber 50, eventually the
restricted flow of fuel from the control chamber 50,
through the restricted flow area, 82 or 84, will equalise
with that in the accumulator volume 30 causing the valve
needle 10 to close.

[0068] In the embodiment of Figure 4, the annular
damper valve 58 shown in Figures 1 to 3 is not provided
and so opening and closure of the valve needle occur
at approximately the same rate. In this case the valve
needle spring 54 acts on the upper end surface of the
valve needle 10 through a shim 67. The provision of the
shim enables adjustment of the spring pre-load (i.e. by
using shims of different size), but in an alternative em-
bodiment the shim 67 may be removed and the valve
needle spring 54 may act directly on the upper end of
the valve needle 10.

[0069] Although the present invention is directed to-
wards providing an energise-to-inject injector, in which
an increase in the voltage level across the stack 22 ini-
tiates opening movement of the valve needle 10, the in-
jector of Figure 4 can be configured to operate as a de-
energise-to-inject injector in which the voltage level
across the stack 22 is decreased from a usually high
voltage level to initiate valve needle opening movement.
The modification may be achieved by reducing the size
of the drillings 80 at the upper end of the sleeve 38 and
additionally by enlarging the size of clearance gap 82
between the sleeve 38 and the bellows 42.

[0070] The enlarged flow path through the gap 82 be-
tween the chamber 50 and the accumulator volume 30
ensures fuel pressure within the chamber 50 is always
high (i.e. fuel pressure in the chamber 50 is no longer
"controlled"). In a non-injecting condition, the voltage
across the stack 22 is relatively high ("the initial voltage
level"), the stack 22 is extended and the bellows 42 are
compressed. Fuel pressure within the control chamber
50 is high, but the spring 54 is selected so that the spring
force acting on the valve needle 10, which acts in com-
bination with fuel pressure within the spring chamber 56,
keeps the valve needle seated. When it is required to
inject fuel, the voltage across the stack 22 is reduced
("the injecting voltage level") to cause the stack 22 to
contract. As the stack 22 is drawn upwards the volume
of the spring chamber 56 is increased. Fuel within the
accumulator volume 30 is only able to flow into the
chamber 56 at a relatively low rate due to the restricted
flow path provided by the drilling 80 in the sleeve 38.
The increase in the volume of the spring chamber 56
therefore results in a reduced force acting on the valve
needle 10 due to reduced pressure within the chamber
56 and a point will be reached at which the downward
force acting on the valve needle 10 and the control pis-
ton 40 is reduced to a sufficiently low level that the up-
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ward force acting on the valve needle 10 and the control
piston 40 causes the needle 10 to lift from its seat 16.
[0071] Inthe embodiment of Figure 4 designed for de-
energise-to-inject operation, the lower chamber 50 be-
tween the upper end of the nozzle body 14 and the lower
end of the sleeve 38 and the upper chamber 56 at the
upper end of the valve needle 10 provide reverse func-
tions to the equivalent chambers 50, 56 in the energise-
to-inject embodiments. In the de-energise-to-inject in-
jector, it is by controlling fuel pressure in the upper
chamber 56, through extension and contraction of the
stack 22, that movement of the valve needle 10 is con-
trolled, whereas the chamber 50, which is always at rel-
atively high pressure, influences the rate of opening and
closing movement of the valve needle 10. In the ener-
gise-to-inject injector, valve needle movement is con-
trolled by controlling fuel pressure in the lower chamber
50, with the spring chamber 56 providing a damping ef-
fect for opening movement of the valve needle 10 (and
closing movement in the absence of the damper valve
58).

[0072] A further alternative embodiment of an ener-
gise-to-inject injector is shown in Figure 5, in which the
bellows 42 have been removed. Instead, the sleeve 38
includes a main sleeve body at its upper end and an
elongate and downwardly depending annular skirt 138
atits lower end. The annular skirt 138 is shaped to define
an internal diameter which is greater than the diameter
of the bore 39 in the main body of the sleeve 38. The
valve needle 10 is provided with a shortened axially ex-
tending drilling to define the axial flow path 64, as in the
embodiment of Figure 3. The control chamber 50 com-
municates with the axial flow path 64 in the valve needle
10 through a restricted valve needle drilling 74 (as in
Figures 1 to 3) to provide a means for ensuring the valve
needle 10 closes automatically in the event that the pi-
ezoelectric stack 22 becomes stuck in an extended
state.

[0073] Operation of the embodiment of Figure 5 is
similar to Figures 1 and 2, and Figure 3. As the piezoe-
lectric stack 22 is extended, a downward force is applied
to the sleeve 38 and, hence, the annular skirt 138. The
internal diameter of the skirt 138 defines a close clear-
ance with the outer surface of the nozzle body 14 so that
fuel becomes trapped within the clearance. Thus, as the
skirt 138 is forced downwards upon extension of the
stack 22, fuel pressure increases in the control chamber
50 to cause the control piston 40, and hence the valve
needle 10, to lift. One difference between the previous
embodiments and that in Figure 5 is that the sleeve 38
in Figure 5 does not have a through bore, but instead
includes an upper end part 138 and, hence, a separate
load transmitting member 46 is not required.

[0074] Manufacture of the embodiment of Figure 5, in
which the annular skirt 138 is provided on the sleeve 38
in preference to the bellows 42, may be more difficult to
achieve within acceptable tolerances due to the require-
ment for good concentricities between parts 38 and 14
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to prevent jamming.

Claims

A fuel injector for use in an internal combustion en-
gine, the fuel injector comprising:

a valve needle (10) which is engageable with a
valve needle seat (16) to control fuel injection
through an injector outlet (21),

an actuator (20, 22) arranged to control fuel
pressure within a control chamber (50), a sur-
face associated with the valve needle (10) be-
ing exposed to fuel pressure within the control
chamber (50),

aload transmission means (36) for transmitting
movement of the actuator (20, 22) to the valve
needle (10), wherein the load transmission
means (36) includes a bellows arrangement
(42) which is compressible and expandable in
response to said actuator movement so as to
vary fuel pressure within the control chamber
(50) and control movement of the valve needle
(10) relative to the valve needle seat (16).

The fuel injector as claimed in claim 1, wherein the
load transmission means further includes a sleeve
(38), the sleeve (38) being cooperable with the bel-
lows arrangement (42) so as to impart movement
of the actuator (20, 22) to the bellows arrangement
(42).

The fuel injector as claimed in claim 2, wherein the
surface associated with the valve needle (10) is de-
fined by a control piston (40) which is coupled to the
valve needle (10), wherein the control piston (40) is
slidable within the sleeve (38) in response to fuel
pressure variations within the control chamber (50).

The fuel injector as claimed in claim 2, wherein the
valve needle (10) is slidable directly within the
sleeve (38) in response to fuel pressure variations
within the control chamber (50).

The fuel injector as claimed in any one of claims 2
to 4, wherein the bellows arrangement (42) includes
a plurality of disc spring elements (44) arranged in
concertina fashion.

The fuel injector as claimed in claim 5, wherein the
valve needle (10) is movable within a bore (12) pro-
vided in a nozzle body (14), and wherein an end one
of the disc spring elements (44) is sealingly en-
gaged with the nozzle body (14) and another end
one of the disc spring elements (44) is sealingly en-
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10

10.

1.

12.

13.

14.

gaged with the sleeve (38).

The fuel injector as claimed in any one of claims 2
to 6, wherein the valve needle seat (16) is defined
at one end of the valve needle and a valve needle
chamber (56) for receiving fuel is defined at the oth-
er end of the valve needle (10).

The fuel injector as claimed in claim 7, wherein the
valve needle chamber (56) houses a valve needle
spring (54) which is arranged to urge the valve nee-
dle (10) into engagement with the valve needle seat
(16).

The fuel injector as claimed in claim 7 or claim 8,
further comprising a fuel delivery path (30, 66, 68,
70) for delivering fuel to the injector outlet (21) when
the valve needle (10) is lifted from the valve needle
seat (16) and wherein the valve needle (10) is pro-
vided with communication means (64) between the
fuel delivery path (30, 66, 68, 70) and the valve nee-
dle chamber (56) to aid opening movement of the
valve needle (10).

The fuel injector as claimed in claim 9, wherein the
communication means includes an axial flow path
(64) within the valve needle (10) to provide commu-
nication between the fuel delivery path (30, 66, 68,
70) and the valve needle chamber (56).

The fuel injector as claimed in claim 10, wherein the
axial flow path (64) extends along the entire length
of the valve needle (10).

The fuel injector as claimed in claim 10 or claim 11,
wherein the communication means further includes
at least one radial flow path (72; 172) provided in
the valve needle (10), one end of which communi-
cates with the fuel delivery path (70) and the other
end of which communicates with the axial flow path
(64).

The fuel injector as claimed in any one of claims 10
to 12, wherein the communication means includes
a damper valve (58, 60) arranged to define a re-
stricted flow path (62) between the axial flow path
(64) and the chamber (56).

The fuel injector as claimed in claim 13, wherein the
damper valve includes a damper valve member (58)
which is engageable with a seating (60), wherein
the damper valve member (58) has (i) a seated po-
sition in circumstances in which the valve needle
(10) is lifting away from the valve needle seat (16)
so that fuel flows between the chamber (56) and the
communication means (64) through the restricted
flow path (62), thereby to damp opening movement
of the valve needle (10), and (ii) a lifted position in
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circumstances in which the valve needle (10) is
moving towards the valve needle seat (16) so that
fuel flow can bypass said restricted flow path (62),
thereby to ensure closing movement of the valve
needle (10) is substantially undamped.

The fuel injector as claimed in any one of claims 2
to 14, further comprising a further restricted flow
path (82, 84) in communication with the control
chamber (50) to allow fuel to escape from the con-
trol chamber (50) at a restricted rate so as to ensure
eventual closure of the valve needle (10) in the
event of failure of the actuator (20, 22).

The fuel injector as claimed in claim 15, wherein the
further restricted flow path (82) is defined within the
sleeve (38) to allow fuel to escape from the control
chamber (50).

The fuel injector as claimed in claim 15, wherein the
restricted flow path (84) is defined within the nozzle
body (14) to allow fuel to escape from the control
chamber (50).

The fuel injector as claimed in any one of claims 9
to 14, further comprising means (74) for allowing fu-
el to escape from the control chamber (50) at a re-
stricted rate into the communication means (64) so
as to ensure eventual closure of the valve needle
(10) in the event of failure of the actuator (20, 22).

The fuel injector as claimed in any one of claims 1
to 18, wherein the actuator (20) is arranged within
an actuator housing (18), one end of an injector noz-
zle body (14) being received within the actuator
housing (18) so that the other end of the nozzle
body (14) projects therefrom, and wherein the noz-
zle body (14) defines an external seating surface
(78) of substantially part-spherical form for abut-
ment with a internal abutment surface (76) of the
actuator housing (18).

A fuel injector for use in an internal combustion en-
gine, the injector including:

a valve needle (10) which is engageable with a
valve needle seat (16) to control fuel injection
through an injector outlet (21),

an actuator (20, 22) arranged to control fuel
pressure within a control chamber (50), a sur-
face of the valve needle (10) being exposed to
fuel pressure within the control chamber (50),
wherein fuel pressure within the control cham-
ber (50) acts to urge the valve needle (10) to
disengage the valve needle seat (16),

a damper chamber (56) for receiving fuel and
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21.

22,
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25.
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being arranged at one end of the valve needle
(10) so that a surface associated with the valve
needle (10) is exposed to fuel pressure within
the damper chamber (56), wherein fuel pres-
sure within the damper chamber (56) acts to
urge the valve needle (10) to engage the valve
needle seat (16),

a fuel delivery path (30, 66, 68, 70) for deliver-
ing fuel to the injector outlet (21) when the valve
needle (10) disengages the valve needle seat
(16), and

communication means (64; 80) between the fu-
el delivery path (30, 66, 68, 70) and the damper
chamber (56) for transmitting a reduction in
pressure within the fuel delivery path (30, 66,
68, 70) to the damper chamber (56) when the
valve needle (10) disengages the valve needle
seat (16) so as to aid opening movement of the
valve needle (10).

The fuel injector as claimed in claim 20, wherein the
communication means includes an axial flow path
(64) provided within the valve needle (10).

The fuel injector as claimed in claim 21, wherein the
communication means further includes at least one
radial flow path (72; 172) provided in the valve nee-
dle (10), one end of which communicates with the
fuel delivery path (70) and the other end of which
communicates with the axial flow path (64).

The fuel injector as claimed in claim 21 or claim 22,
wherein the communication means includes a
damper valve (58, 60) arranged to define a restrict-
ed flow path (62) between the axial flow path (64)
and the chamber (56).

The fuel injector as claimed in claim 20, including a
load transmission means for transmitting move-
ment of the actuator (20) to the valve needle (10),
the load transmission means including a sleeve (38)
within which the valve needle (10), or a member
(40) coupled thereto, is slidable, wherein the com-
munication means (80) is defined within said sleeve
(38) to provide a restricted flow path for fuel be-
tween the damper chamber (56) and the fuel deliv-
ery path (30).

A fuel injector for use in an internal combustion en-
gine, the fuel injector including:

a valve needle (10) which is movable within a
bore (12) provided in a nozzle body (14) and
engageable with a valve needle seat (16) to
control fuel injection through an injector outlet
(21), and
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an actuator (20, 22) for controlling movement
of the valve needle (10), the actuator (20) being
arranged within an actuator housing (18),

wherein one end of the nozzle body (14) is received
within the actuator housing (18) so that a lower end
of the nozzle body (14) projects therefrom and
wherein the nozzle body (14) defines an external
seating surface (78) of substantially part-spherical
form for abutment with an internal abutment surface
(76) of the actuator housing (78).

The fuel injector as claimed in claim 25, wherein the
internal abutment surface is of frustoconical form

The fuel injector as claimed in any one of claims 1
to 26, wherein the load transmission means takes
the form of a motion inverter (38, 42, 50) for con-
verting movement of the actuator (20, 22) in one di-
rection into movement of the valve needle (10) in
substantially the opposite direction.

A load transmission device (36) for use in a fuel in-
jector as claimed in any one of claims 1 to 27 includ-
ing an actuator (20), the load transmission device
(36) being operable to transmit actuation of the ac-
tuator to an injector component, in use, the load
transmission device (36) including a bellows ar-
rangement (42) including a plurality of disc spring
members (44) arranged in a stack.
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