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(54) FUEL INJECTOR

(57) The present invention provides a fuel injector (1)
for use in an internal combustion engine, the fuel injector
(1) comprising: a nozzle body (30) having a bore (31) for
receiving fuel; a valve needle (20); and a lift stop com-
ponent (50); wherein the valve needle (20) is slidable
within the bore (31) between a closed position in which
the valve needle (20) engages a nozzle seat (32) provid-
ed by the nozzle body (30) and a position of maximum
lift in which the valve needle (20) engages the lift stop
component (50); wherein the fuel injector (1) further com-
prises an engagement element (26) provided on the
valve needle (20) at an end of the valve needle closest
to the lift stop component (50), wherein the valve needle
(20) is arranged to engage the lift stop component (50)
via the engagement element (26) when in its position of
maximum lift. The present invention also provides a
method of manufacturing a fuel injector (1).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a fuel injector
for use in an internal combustion engine, and to a method
of manufacturing a fuel injector for use in an internal com-
bustion engine.

BACKGROUND

[0002] Fuel injectors for internal combustion engines
generally comprise a nozzle body having a bore for re-
ceiving fuel and a valve needle that is slidable within the
bore. The valve needle is slidable between a closed po-
sition in which a tip of the valve needle engages a nozzle
seat provided by the nozzle body and a position of max-
imum lift in which a proximal end of the valve needle
engages a lift stop component. When the valve needle
is in its closed position it acts to prevent fuel from being
delivered from the bore, but when the valve needle is
displaced from its closed position towards its position of
maximum lift fuel may be dispensed from the bore via
one or more outlets provided in the nozzle body.
[0003] In some cases it may be desirable to monitor
the position of the valve needle of a fuel injector during
use of the fuel injector so that the performance of the fuel
injector can be analysed and/or controlled. In some fuel
injectors it is possible to determine when the valve needle
is in its closed position or in its position of maximum lift
by using the valve needle as an electrical switch that
completes an electrical circuit when in contact with the
nozzle seat (in its closed position) or the lift stop compo-
nent (in its position of maximum lift). However, this meas-
urement system does not allow the difference between
the closed position and the position of maximum lift to be
detected. In addition, modifying an existing design of fuel
injector to include a measurement system of this type
may require the addition of further components, such as
resistive washers or spacers, which may increase the
distance between the nozzle body and the lift stop com-
ponent, and therefore affect the performance of the fuel
injector.
[0004] Another problem with known fuel injectors is
that components need to be manufactured using very
tight tolerances in order to ensure reliable and predictable
operation of the fuel injector, which makes manufacturing
fuel injector components difficult, time-consuming and
expensive. If a fuel injector component deviates in di-
mensions or geometry from its intended design then it
may be necessary to discard the component if the devi-
ation falls outside manufacturing tolerances. Even if the
deviation falls within manufacturing tolerances, the devi-
ation may still affect the performance of a fuel injector in
which the component is incorporated. For example, a
manufacturing variation in the length of a valve needle
may affect the distance over which the valve needle is
slidable between its closed position and its position of

maximum lift, and the distance between the tip of the
valve needle and the nozzle seat when the valve needle
is in its position of maximum lift.
[0005] It is an object of the present invention to provide
a fuel injector which addresses the shortcomings of the
prior art.

SUMMARY OF THE INVENTION

[0006] A first aspect of the invention provides a fuel
injector for use in an internal combustion engine, the fuel
injector comprising a nozzle body having a bore for re-
ceiving fuel; a valve needle; and a lift stop component.
The valve needle is slidable within the bore between a
closed position in which the valve needle engages a noz-
zle seat provided by the nozzle body and a position of
maximum lift in which the valve needle engages the lift
stop component. The fuel injector further comprises an
engagement element provided on the valve needle at an
end of the valve needle closest to the lift stop component,
wherein the valve needle is arranged to engage the lift
stop component via the engagement element when in its
position of maximum lift.
[0007] The engagement element may provide several
different advantages. For example, the engagement el-
ement may act as a height adjustment device allowing
the location of the valve needle relative to the nozzle
body when in its position of maximum lift to be set during
manufacture of the fuel injector. Alternatively, or in addi-
tion, the engagement element may act as an electrically
resistive layer forming part of an electrical pathway be-
tween the valve needle and the lift stop component when
the valve needle is in its position of maximum lift, which
may allow improved monitoring of the position of the valve
needle during use of the fuel injector.
[0008] The engagement element may comprise a sep-
arately formed component that has been attached to the
valve needle. The separate component may be substan-
tially planar, and may take the form, for example, of a
substantially planar disk. Other shapes are also possible.
[0009] The engagement element may be attached to
the valve needle by an adhesive or by a welded connec-
tion or by a press-fit connection.
[0010] The engagement element may be partially re-
ceived in a recess formed in the end of the valve needle
closest to the lift stop component. Alternatively the en-
gagement element may be located directly on an end
face of the valve needle without being received in any
recess, or may be located on (and may at least partially
surround) a protrusion extending from a proximal end of
the valve needle.
[0011] The engagement element may comprise a coat-
ing that has been formed on the valve needle at its end
closest to the lift stop device. The coating may be pro-
vided only on an end surface of the valve needle facing
towards the lift stop component, and need not extend
along a length of the valve needle.
[0012] The lift stop component may be located at an
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intermediate position between the valve needle and a
control valve for controlling fuel pressure in a control
chamber located below the lift stop component, and/or
between the valve needle and an actuation mechanism
for controlling a control valve. The lift stop component
may be a control valve housing, in which case at least a
portion of the control valve may be located within the lift
stop component. The lift stop component may comprise
a passage allowing fluid communication between the
control valve and the control chamber.
[0013] The engagement element may be a height ad-
justment device having a height in a direction parallel to
a direction of movement of the valve needle that is se-
lected so as to set the location of the valve needle relative
to the nozzle body when in its position of maximum lift.
The height adjustment device may allow the location of
the valve needle relative to the nozzle body when in its
position of maximum lift to be set during manufacture of
the fuel injector, for example to compensate for an in-
crease in the distance between the nozzle body and the
lift stop component caused by the addition of one or more
further components of the fuel injector, and/or to com-
pensate for manufacturing variations of one or more com-
ponents of the fuel injector.
[0014] The height of the height adjustment device may
be in the range 0.1 mm to 3mm, or in the range 0.3mm
to 2mm, or in the range 0.5mm to 1.5mm, although other
heights are also possible, depending on the specific ap-
plication.
[0015] The height adjustment device may be formed
of the same material as the valve needle. However, other
materials are also possible. The height adjustment de-
vice may, for example, be formed of high speed or high
strength steel, a carbide-containing metal alloy, or a ce-
ramic material.
[0016] The engagement element may be an electrical-
ly resistive layer forming part of the electrical pathway
formed between the valve needle and the lift stop com-
ponent when the valve needle is in its position of maxi-
mum lift. The electrically resistive layer acts to increase
the electrical resistance between the valve needle and
the lift stop component when the valve needle is in its
position of maximum lift. The electrically resistive layer
may therefore act to set the voltage of the valve needle
and/or the current flowing through the valve needle when
the valve needle is in its position of maximum lift. By
setting the voltage of the valve needle and/or the current
flowing through the valve needle when the valve needle
is in its position of maximum lift the electrically resistive
layer may allow the position of the valve needle to be
determined more accurately.
[0017] The electrically resistive layer may provide a
resistance of 10 Ohms to 40 kOhms, or 500 Ohms to 20
kOhms.
[0018] The electrically resistive layer may be formed
of (or comprise a coating formed of) a material having a
resistivity of at least 0.003 (3x10-3) Ohm.m.
[0019] The electrically resistive layer may be formed

of (or comprise a coating formed of), for example, a ce-
ramic material (which may include a dopant or doping
agent) or aluminium oxide.
[0020] The electrically resistive layer may have a
height in a direction parallel to a direction of movement
of the valve needle of 0.1 to 3mm, or 0.3 to 2mm, or 0.5
to 1.5mm, although other heights are also possible, de-
pending on the specific application and the material(s)
used for the electrically resistive layer.
[0021] The fuel injector may further comprises a meas-
urement system comprising an electrically conductive
pathway arranged to be connected to a power supply in
order to apply a voltage to the valve needle, wherein the
electrically resistive layer acts to increase the electrical
resistance between the valve needle and the lift stop
component when the valve needle is in its position of
maximum lift to thereby set the voltage of the valve needle
and/or the current flowing through the valve needle when
the valve needle is in its position of maximum lift. The
electrically resistive layer may therefore act to set the
voltage of the valve needle and/or the current flowing
through the valve needle when the valve needle is in its
position of maximum lift.
[0022] The electrically conductive pathway may com-
prise a conductive element that is arranged to be coupled
to an external power supply. The conductive element
may be electrically coupled to the valve needle via a con-
ductive piston guide provided between the valve nozzle
and the lift stop component. In use, the measurement
system may be electrically coupled to a control system
that is arranged to measure the voltage on the valve nee-
dle and/or the current flowing through the valve needle,
and to determine the position of the valve needle in de-
pendence on the measured voltage and/or current.
[0023] The electrically resistive layer may cause the
voltage of the valve needle and/or the current flowing
through the valve needle when the valve needle is in its
position of maximum lift to be different to the voltage of
the valve needle and/or the current flowing through the
valve needle when the valve needle is in its closed posi-
tion. It will be appreciated that even without the electri-
cally resistive layer the voltage on the valve needle and/or
the current flowing through the valve needle may be
slightly different for the closed position and the position
of maximum lift. However, the electrically resistive layer
acts to increase the difference between the voltage on
the valve needle and/or the current flowing through the
valve needle for the closed position and the position of
maximum lift, thereby allowing a difference between the
closed position and the position of maximum lift to be
more easily detected.
[0024] The electrically resistive layer may cause the
voltage of the valve needle to be higher when the valve
needle is in its position of maximum lift than when the
valve needle is in its closed position and/or may cause
the current flowing through the valve needle to be lower
when the valve needle is in its position of maximum lift
than when the valve needle is in its closed position.
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[0025] A second aspect of the present invention pro-
vides a method of manufacturing a fuel injector for use
in an internal combustion engine, the method comprising
providing a nozzle body having a bore for receiving fuel,
a valve needle and a lift stop component; providing a
height adjustment device on the end of the valve needle
that is arranged to be closest to the lift stop component;
and assembling the nozzle body, the valve needle and
the lift stop component together. The height of the height
adjustment device is selected so as to set the location of
the valve needle relative to the nozzle body when in its
position of maximum lift.
[0026] The height adjustment device may be used to
ensure that the valve needle is in the desired location
relative to the nozzle body when in its position of maxi-
mum lift in several different ways, as described below.
[0027] The step of providing the height adjustment de-
vice may comprise providing a separately formed height
adjustment device and attaching the height adjustment
device to the valve needle; or alternatively the step of
providing the height adjustment device may comprise
forming a height adjustment coating on the valve needle.
[0028] The step of providing the height adjustment de-
vice may comprise arranging a plurality of height adjust-
ment elements together to form a height adjustment de-
vice of the desired height.
[0029] The step of providing the height adjustment de-
vice may comprises grinding the height adjustment de-
vice to modify the height of the height adjustment device.
Grinding may occur either before or after the height ad-
justment device has been attached to or formed on the
valve needle.
[0030] The height of the height adjustment device may
be selected to compensate for an increase in the distance
between the nozzle body and the lift stop component
caused by the addition of one or more further components
of the fuel injector. The further component(s) may, for
example, be one or more washers or spacers. The further
component(s) may be located on one or both sides of a
piston guide provided between the nozzle body and the
lift stop component. The height of the height adjustment
device may be selected in dependence on the height of
the further component(s) and/or in dependence on the
increase in the distance between the nozzle body and
the lift stop component caused by the addition of the fur-
ther component(s).
[0031] In this way it may be possible to retain the same
design of nozzle body and valve needle (with the addition
of the height adjustment device) when a pre-existing de-
sign of a fuel injector is modified to include one or more
further components that act to increase the distance be-
tween the nozzle body and the lift stop component. The
compensation provided by the height adjustment device
may enable the location of the valve needle relative to
the nozzle body when in its position of maximum lift to
remain as originally intended despite the increase in the
distance between the nozzle body and the lift stop com-
ponent caused by the addition of the further compo-

nent(s).
[0032] Alternatively, or in addition, the height of the
height adjustment device may be selected to compen-
sate for manufacturing variations of one or more compo-
nents of the fuel injector. The height of the height adjust-
ment device may be selected to compensate for any man-
ufacturing variations that will affect the distance between
the nozzle body and the lift stop component and/or the
distance between a tip of the valve needle and a nozzle
seat of the nozzle body when the valve needle is in its
position of maximum lift and/or the distance over which
the valve needle is slidable within the bore of the nozzle
body once the fuel injector has been assembled. For ex-
ample, the height of the height adjustment device may
be selected to compensate for manufacturing variations
in one or more of: valve needle length, valve needle tip
geometry, nozzle body length, nozzle seat location, noz-
zle seat geometry, lift stop component geometry, and the
height of any component (such as a piston guide or wash-
er) that may be provided between the nozzle body and
the lift stop component.
[0033] The height of the height adjustment device may
be selected in dependence on one or more measure-
ments of the dimensions and/or geometry of any com-
ponent that will affect the distance between the nozzle
body and the lift stop component and/or the distance be-
tween a tip of the valve needle and a nozzle seat of the
nozzle body when the valve needle is in its position of
maximum lift and/or the distance over which the valve
needle is slidable within the bore of the nozzle body once
the fuel injector has been assembled. For example, the
method may include a step of measuring the length of
the valve needle and/or measuring the length of the noz-
zle body, and a step of selecting the height of the height
adjustment device in dependence on the measured
length(s) of the valve needle and/or the nozzle body.
[0034] In this way the height adjustment device may
be used to compensate for manufacturing variations of
one or more components of the fuel injector to thereby
prevent or minimise deviations in the intended location
of the valve needle relative to the nozzle body and/or the
nozzle seat when in its position of maximum lift that might
otherwise be caused by manufacturing variations of var-
ious fuel injector components.
[0035] Alternatively, or in addition, the height of the
height adjustment device may be selected to tune the
distance between a tip of the valve needle and a nozzle
seat of the nozzle body when the valve needle is in its
position of maximum lift in order to achieve a desired
operating characteristic for the fuel injector. For example,
a greater height for the height adjustment device may be
selected in order to reduce the distance between the tip
of the valve needle and the nozzle seat, or a smaller
height for the height adjustment device may be selected
in order to increase the distance between the tip of the
valve needle and the nozzle seat. In this way, the oper-
ating characteristics of a fuel injector (such as the flow
rate profile and the opening and closing times) may be
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tuned as desired without varying the dimensions or de-
signs of other components of the fuel injector. It is there-
fore possible to produce fuel injectors with different op-
erating characteristics using the same components sim-
ply by selecting an appropriate height for the height ad-
justors of the respective fuel injectors.
[0036] The method of the second aspect of the inven-
tion may be used in manufacturing a fuel injector accord-
ing to the first aspect of the invention (where the engage-
ment element is a height adjustment device). The method
of the second aspect of the invention may include any
steps associated with manufacturing a fuel injector ac-
cording to the first aspect of the invention (where the
engagement element is a height adjustment device). The
fuel injector of the first aspect of the invention (where the
engagement element is a height adjustment device) may
include any features resulting from steps described in
relation to the second aspect of the invention.
[0037] Within the scope of this application it is express-
ly intended that the various aspects, embodiments, ex-
amples and alternatives set out in the preceding para-
graphs, in the claims and/or in the following description
and drawings, and in particular the individual features
thereof, may be taken independently or in any combina-
tion. That is, all embodiments and/or features of any as-
pect or embodiment can be combined in any way and/or
combination with those in other aspects and/or embodi-
ments, unless such features are incompatible.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] In order that the present invention may be more
readily understood, exemplary embodiments of the in-
vention will now be described in detail with reference to
the accompanying figures, in which:

Figure 1 illustrates a fuel injector according to one
possible embodiment of the present invention;
Figure 2 illustrates an enlarged detail of a portion of
the fuel injector of Figure 1;
Figure 3 illustrates voltage measurements obtained
from a measurement system for determining the po-
sition of a valve needle of a fuel injector according
to one possible embodiment of the invention;
Figure 4 illustrates voltage measurements obtained
from a measurement system for determining the po-
sition of a valve needle of a fuel injector according
to another possible embodiment of the invention; and
Figures 5 to 7 illustrate alternative arrangements of
engagement elements according to other possible
embodiments of the present invention.

DETAILED DESCRIPTION

[0039] For the purpose of the following description it
will be appreciated that references to upper, lower, up-
ward, downward, above and below, for example, are not
intended to be limiting and relate only to the orientation

of the injector as shown in the illustration.
[0040] The present invention relates generally to a fuel
injector 1 of the type illustrated (in part) in Figure 1. The
fuel injector 1 is suitable for use in a fuel injection system
of an internal combustion engine, and particularly a diesel
engine in which fuel is typically injected into the engine
at high pressure levels in excess of 2000 bar, and com-
monly as high as 3000 bar.
[0041] The fuel injector 1 comprises a valve needle 20
that is slidable within a bore 31 of a nozzle body 30. A
proximal end of the nozzle body 30 is coupled to a piston
guide 40, which in turn sits below a lift stop component
50. An upper insulating washer 45 is provided between
the piston guide 40 and the lift stop component 50 to
electrically isolate the piston guide 40 from the lift stop
component 50, and a lower insulating washer 46 is pro-
vided between the piston guide 40 and the nozzle body
30 to electrically isolate the piston guide 40 from the noz-
zle body 30. The proximal end of the bore 31 receives
high pressure fuel, in use, from a supply line 41 provided
in the piston guide 40. The bore 31 includes a section of
comparatively small diameter 31 a towards its distal end
and a section of comparatively large diameter 31 b to-
wards its proximal end.
[0042] The bore 31, at its distal end, defines a nozzle
seat 32 of generally frusto-conical form with which a tip
21 of the valve needle 20 is engageable. At or down-
stream of the nozzle seat 32, the nozzle body 30 is pro-
vided with a plurality of outlets 33 for delivering fuel to a
combustion cylinder, in use. When the valve needle 20
is in its closed position, the tip 21 of the valve needle is
engaged with the nozzle seat 32 to prevent fuel from
being delivered from the bore 31 through the outlets 33.
However, when the valve needle 20 is lifted away from
the nozzle seat 32 and towards the lift stop component
50 during operation of the fuel injector 1, the tip 21 of the
valve needle 20 moves out of engagement with the noz-
zle seat 32 to allow fuel to be delivered from the bore 31
through the outlets 33. The valve needle 20 is arranged
to engage the lift stop component 50 when in its position
of maximum lift (at the top of its travel) such that the lift
stop component prevents further movement of the valve
needle 20 away from the nozzle seat 32. A spring 60 is
provided towards a proximal end of the valve needle 20,
which acts to urge the valve needle 20 towards its closed
position.
[0043] The valve needle 20 comprises a valve needle
guide 22 towards its distal end. The valve needle guide
22 slidingly engages the bore 31 in the section of com-
paratively small diameter 31 a to prevent lateral move-
ment of the valve needle 20 within the bore. The valve
needle guide 22 includes a plurality of grooves to permit
the passage of fuel past the valve needle guide. The valve
needle 20 also comprises a proximal guide portion 23 at
is proximal end that slidingly engages a bore 42 of the
piston guide 40 to prevent lateral movement of the valve
needle 20 within the bore 31 of the nozzle body 30. The
valve needle 20 also comprises a restrictive element 24
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at an intermediate location between the valve needle
guide 22 and the proximal guide portion 23 for restricting
the flow of fuel through the bore 31 past the restrictive
element 24. The restrictive element 24 may comprise a
plurality of grooves or orifices to permit the passage of
fuel past the restrictive element, and may optionally act
as an intermediate valve needle guide by slidingly en-
gaging the bore 31.
[0044] The valve needle 20 is provided with a plurality
of thrust surfaces that are exposed to fuel pressure within
the bore 31 to impart upward and downward forces on
the valve needle. For example, the valve needle 20 is
provided with a primary thrust surface 25 that faces down-
wardly (when the fuel injector is arranged as shown in
Figure 1) in order to impart an upward force to the valve
needle to urge the valve needle away from its closed
position. The valve needle also includes other downward-
ly facing thrust surfaces that act to impart upward forces
to the valve needle to urge the valve needle away from
its closed position, and upwardly facing thrust surfaces
that act to impart downward forces to the valve needle
to urge the valve needle towards its closed position.
[0045] The valve needle 20 is provided with an engage-
ment element 26 at its proximal end (closest to the lift
stop component 50), as shown more clearly in the en-
larged view of Figure 2. The valve needle 20 is arranged
to engage the lift stop component 50 via the engagement
element 26 when in its position of maximum lift. The en-
gagement element 26 takes the form of a separately
formed component that is attached to the proximal end
of the valve needle 20, for example, by a welded con-
nection or by an adhesive. In the embodiment illustrated
in Figure 1 the engagement element 26 is shaped as a
planar disk, and is provided on a protrusion 27 extending
from the proximal end of the valve needle 20. The en-
gagement element may be formed of the same material
as the main body of the valve needle 20, although other
materials are also possible, as described below.
[0046] A control chamber 43 is provided within the pis-
ton guide 40 between a lower surface of the lift stop com-
ponent 50 and the proximal end of the valve needle 20
(that is the end closest to the lift stop component 50 and
furthest from the nozzle seat 32). Movement of the valve
needle 20 is controlled by varying the fuel pressure in
the control chamber 43 and thus the downward force
exerted on the valve needle by the fuel within the control
chamber 43. The operating cycle of the fuel injector will
be well understood by those skilled in the art.
[0047] Fuel pressure within the control chamber 43
may be controlled, for example, by operating a three-way
control valve using a piezo-electric or solenoid type ac-
tuator. The three-way control valve may be operated to
supply high pressure fuel to the control chamber 43 with-
out any connection to a low pressure drain (in order to
generate a high pressure within the control chamber 43),
and to connect the control chamber to the low pressure
drain (in order to reduce the pressure within the control
chamber 43). The control valve may be located at least

partially within the lift stop component, which may act as
a control valve housing. The lift stop component may
comprise a passage allowing fluid communication be-
tween the control valve and the control chamber. Other
actuation systems are also possible.
[0048] The fuel injector 1 further comprises a meas-
urement system for enabling the position of the valve
needle to be determined during operation of the fuel in-
jector 1. The measurement system comprises an elec-
trically conductive pathway arranged to be connected to
an external power supply in order to apply a voltage to
the valve needle. The electrically conductive pathway
comprises a wire 70 (illustrated in Figure 2) having a prox-
imal end that is arranged to be connected to the external
power supply via a connector that is fitted to the fuel in-
jector 1 in use. The wire 70 is electrically connected at
its distal end to the piston guide 40. An electrical connec-
tion is established between the wire 70 and the valve
needle 20 via the piston guide 40. The upper and lower
insulating washers 45, 46 act to insulate the piston guide
40 from the lift stop component 50 and the nozzle body
30, as described above. In use, the wire 70 of the meas-
urement system is electrically coupled to a control system
which is arranged to measure the voltage on the valve
needle 20 and/or the current flowing through the valve
needle 20 to thereby determine the position of the valve
needle 20. The control system may be integrated with
the power supply.
[0049] Operation of the measurement system to deter-
mine the position of the valve needle 20 will now be de-
scribed.
[0050] During use of the fuel injector, the external pow-
er supply applies a voltage to the valve needle 20 via the
wire 70 and the piston guide 40, for example at 5V. The
voltage on the valve needle and the current flowing
through the valve needle vary during operation of the fuel
injector according to the position of the valve needle. For
example, when the valve needle 20 is at an intermediate
position between its closed position and its open position
it is not electrically connected to the lift stop component
50. In addition, due to electrically resistive coatings pro-
vided on one or both of the valve needle and the nozzle
body at the locations of the valve needle guide 22 and
the restrictive element 24, the valve needle is also not
electrically connected to the nozzle body 30. Therefore
the voltage on the valve needle is approximately 5V, and
substantially no current flows through the valve needle.
[0051] However, when the valve needle 20 is in its
closed position, the valve needle is then electrically con-
nected to the nozzle body 30 due to the engagement
between the tip 21 of the valve needle 20 and the nozzle
seat 32 of the nozzle body 30. Therefore the voltage on
the valve needle drops and the current flowing through
the valve needle increases. Similarly, when the valve
needle 20 is in its position of maximum lift, the valve nee-
dle is then electrically connected to the lift stop compo-
nent 50 due to the engagement between the engagement
element 26 provided on the proximal end of the valve
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needle 20 and the lower surface of the lift stop component
50. Therefore the voltage on the valve needle drops
(compared to the intermediate position) and the current
flowing through the valve needle increases (compared
to the intermediate position).
[0052] By monitoring the voltage on the valve needle
20 and/or the current flowing through the valve needle,
the control system is able to determine whether the valve
needle is in an intermediate position or in either its closed
position or its position of maximum lift.
[0053] The presence of the upper and lower insulating
washers 45, 46 in the fuel injector 1 result in an increase
in the distance between the nozzle body 30 and the lift
stop component 50 compared to a similar fuel injector in
which the upper and lower insulating washers 45, 46 are
not present. This would tend to lead to an increase in the
distance between the tip 21 of the valve needle 20 and
the nozzle seat 32 of the nozzle body 30 when the valve
needle is in its position of maximum lift, and an increase
in the total distance over which the valve needle 20 is
slidable within the bore compared to a similar fuel injector
in which the upper and lower insulating washers 45, 46
are not present. However, by adding the engagement 26
element at the proximal end of the valve needle 20, it is
possible to compensate for these changes by increasing
the effective length of the valve needle 20.
[0054] In the present embodiment the height H of the
engagement element 26 in a direction parallel to the di-
rection of movement M of the valve needle 20 is selected
in dependence on the increase in the distance between
the nozzle body 30 and the lift stop component 50 to
thereby reduce or eliminate any potential change in the
distance between the tip 21 of the valve needle 20 and
the nozzle seat 32 of the nozzle body 30 when the valve
needle is in its position of maximum lift (and distance
over which the valve needle is slidable within the bore)
compared to a similar fuel injector in which the upper and
lower insulating washers 45, 46 are not present. For ex-
ample, if the upper and lower insulating washers 45, 46
together result in an increase of 0.5mm (or alternatively
0.1 mm) to the distance between the nozzle body 30 and
the lift stop component 50 then the height H of the en-
gagement element may be set as 0.5mm (or alternatively
0.1 mm) to compensate for this increase.
[0055] In this way the engagement element 26 acts as
a height adjustment device that sets the location of the
valve needle 20 relative to the nozzle body 30 when in
its position of maximum lift by compensating for an in-
crease in the distance between the nozzle body 30 and
the lift stop component 50 caused by the addition of the
upper and lower insulating washers 45, 46. It is therefore
possible to modify an existing fuel injector design to in-
clude the upper and lower insulating washers 45, 46 with-
out changing the design of the nozzle body 30 or valve
needle 20 and without changing the location of the valve
needle 20 relative to the nozzle body 30 when in its po-
sition of maximum lift.
[0056] In the present embodiment the engagement el-

ement 26 acts as a height adjustment device that sets
the location of the valve needle 20 relative to the nozzle
body 30 when in its position of maximum lift by compen-
sating for an increase in the distance between the nozzle
body 30 and the lift stop component 50 caused by the
addition of one or more further components. In this case,
the height H of the height of the engagement element 26
may be pre-determined based on a known height of the
further components and/or a known increase in the dis-
tance between the nozzle body and the lift stop compo-
nent caused by the addition of the further components.
Therefore the selection of the height H of the engagement
element 26 may occur when the design of the fuel injector
is conceived (or modified to include the further compo-
nents), and each fuel injector 1 manufactured to that de-
sign may include an engagement element 26 having the
same height H. In this case engagement elements 26 of
a standard, uniform height may be used in manufacturing
a plurality of the fuel injectors 1.
[0057] In another embodiment, alternatively or in ad-
dition to compensating for an increase in the distance
between the nozzle body 30 and the lift stop component
50 caused by the addition of one or more further compo-
nents 45, 46, the engagement element 26 may be ar-
ranged to set the location of the valve needle 20 relative
to the nozzle body 30 when in its position of maximum
lift by compensating for manufacturing variations of one
or more components of the fuel injector 1.
[0058] In this case, during manufacture of the fuel in-
jector 1, the height H of the engagement element 26 may
be selected in dependence on one or more measure-
ments of the dimensions and/or geometry of one or more
components that may affect the distance between the
nozzle body 30 and the lift stop component 50 and/or the
distance between a tip 21 of the valve needle 20 and a
nozzle seat 32 of the nozzle body 30 when the valve
needle is in its position of maximum lift and/or the dis-
tance over which the valve needle 20 is slidable within
the bore 31 of the nozzle body 30 once the fuel injector
1 has been assembled.
[0059] For example, the process of manufacturing the
fuel injector 1 may include a step of measuring the length
of the valve needle 20, and a step of selecting the height
H of the engagement element 26 in dependence on the
measured length of the valve needle 20. In this example,
the height H of the engagement element 26 may be se-
lected to be lower than a standard reference height to
compensate for a valve needle 20 that is slightly longer
than intended due to a manufacturing variation, or se-
lected to be greater than the standard reference height
to compensate for a valve needle 20 that is slightly shorter
than intended due to a manufacturing variation.
[0060] The selection of the height H of the engagement
element 26 may take into account manufacturing varia-
tions for several different components, for example the
length of the nozzle body 30. In this case a greater height
H of engagement element 26 may be used to compen-
sate for a nozzle body 30 that is slightly longer than in-
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tended due to a manufacturing variation, or a lower height
H of engagement element 26 may be used to compen-
sate for a nozzle body 30 that is slightly shorter than
intended due to a manufacturing variation.
[0061] Other manufacturing variations may also be ac-
counted for, including, for example, valve needle tip ge-
ometry, nozzle seat location, nozzle seat geometry, lift
stop component geometry, and insulating washer height.
The height of the engagement element may be selected
in dependence on the net effect of multiple different man-
ufacturing variations of different components.
[0062] Where the engagement element 26 acts as a
height adjustment device to compensate for manufactur-
ing variations of other components, different fuel injectors
1 manufactured to the same design may include engage-
ment elements 26 of different heights H in order to com-
pensate for different manufacturing variations.
[0063] The required height H of engagement element
26 may be obtained, for example, by selecting an en-
gagement element 26 of the required height from a plu-
rality of engagement elements having different heights.
Alternatively (or in addition) the required height H may
be obtained by arranging a plurality of height adjustment
elements together in the height direction to form an en-
gagement element 26 of the required height and/or grind-
ing the engagement element 26 to achieve the required
height.
[0064] In this way the engagement element 26 may act
as a height adjustment device that sets the location of
the valve needle 20 relative to the nozzle body 30 when
in its position of maximum lift by compensating for man-
ufacturing variations of one or more components of the
fuel injector. It is therefore possible to prevent or minimise
deviations in the intended location of the valve needle 20
relative to the nozzle body 30 and/or the nozzle seat 32
when in its position of maximum lift that might otherwise
be caused by manufacturing variations of various fuel
injector components.
[0065] In another embodiment, alternatively or in ad-
dition to compensating for an increase in the distance
between the nozzle body 30 and the lift stop component
50 caused by the addition of one or more further compo-
nents 45, 46 and/or compensating for manufacturing var-
iations of one or more components of the fuel injector 1,
the engagement element 26 may be used as a height
adjustment device to tune the distance between the tip
21 of the valve needle 20 and the nozzle seat 32 when
the valve needle is in its position of maximum lift, in order
to achieve a desired operating characteristic for the fuel
injector 1.
[0066] The operating characteristics of the fuel injector
1 (such as the flow rate profile and the opening and clos-
ing times) are affected by the distance between the tip
21 of the valve needle 20 and the nozzle seat 32 when
the valve needle is in its position of maximum lift. For
example, a smaller distance between the tip 21 of the
valve needle 20 and the nozzle seat 32 will generally lead
to a reduced flow rate and quicker opening and closing

times, while a greater distance between the tip 21 of the
valve needle 20 and the nozzle seat 32 will generally lead
to an increased flow rate and slower opening and closing
times. Since the height H of the engagement element 26
affects the distance between the tip 21 of the valve needle
20 and the nozzle seat 32 when the valve needle is in its
position of maximum lift, it is possible to tune this distance
(and therefore the operating characteristics of the fuel
injector 1) by selecting an appropriate height for the en-
gagement element. It is therefore possible to produce
fuel injectors 1 with different operating characteristics us-
ing the same components simply by selecting an appro-
priate height H for the engagement elements 26 of the
respective fuel injectors, for example to produce a lower
flow rate fuel injector 1 (using an engagement element
26 with a greater height) and a comparatively higher rate
fuel injector 1 (using an engagement element 26 with a
smaller height).
[0067] The engagement elements 26 used for tuning
the distance between the tip 21 of the valve needle 20
and the nozzle seat 32 may be selected from discrete
groups with pre-determined heights, for example a first
height corresponding to a first desired operating charac-
teristic (such as a lower flow rate) and a second height
corresponding to a second desired operating character-
istic (such as a higher flow rate). Alternatively, the height
may be set at any desired level to achieve any interme-
diate operating characteristic.
[0068] It will be appreciated that the same engagement
element 26 may be used as a height adjustment device
for any combination of a) compensating for an increase
in the distance between the nozzle body 30 and the lift
stop component 50 caused by the addition of one or more
further components 45, 46, b) compensating for manu-
facturing variations of one or more components of the
fuel injector 1, and c) tuning the distance between the tip
21 of the valve needle 20 and the nozzle seat 32 when
the valve needle is in its position of maximum lift in order
to achieve a desired operating characteristic for the fuel
injector 1.
[0069] In another embodiment, alternatively or in ad-
dition to acting as a height adjustment device, the en-
gagement element 26 may be arranged to act as an elec-
trically resistive layer. The electrically resistive layer may,
for example, provide a resistance of 500 Ohms, although
other resistances are also possible. The engagement el-
ement 26 may be arranged to act as an electrically re-
sistive layer either by forming the engagement element
26 of a material having a sufficiently high resistivity (for
example a ceramic material including a dopant or doping
agent) or by providing the engagement element with an
electrically resistive coating (for example a coating
formed of aluminium oxide). It will be appreciated that
the resistance provided by the engagement element 26
is dependent both upon its height and its resistivity (or
upon the properties of any resistive coating) and that var-
ious different heights and materials (or coatings) may be
employed in order to enable the engagement element to
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act as an electrically resistive layer.
[0070] As described above, the engagement element
26 forms part of the electrical pathway between the valve
needle 20 and the lift stop component 50 when the valve
needle 20 is in its position of maximum lift. By arranging
the engagement element 26 to act as an electrically re-
sistive layer, the engagement element 26 may act to in-
crease the electrical resistance between the valve needle
20 and the lift stop component 50 when the valve needle
20 is in its position of maximum lift. In this way, the en-
gagement element 26 may set the voltage on the valve
needle 20 and the current flowing through the valve nee-
dle when the valve needle is in its position of maximum lift.
[0071] For example, an engagement element 26 that
is arranged to act as an electrically resistive layer used
in combination with a measurement system as described
above will tend to increase the voltage on the valve nee-
dle 20 and reduce the current flowing through the valve
needle when the valve needle is in its position of maxi-
mum lift. The engagement element 26 will therefore
cause a different voltage and/or current reading to be
obtained for the position of maximum lift compared to the
closed position (or at least increase the difference in volt-
age and/or current readings for these two positions). It
is therefore possible (or at least easier) to determine
whether the valve needle 20 is in its closed position or
its position of maximum lift due to the different voltage
and/or current readings for these two positions. By dif-
ferentiating between the closed position and the position
of maximum lift the engagement element 26 may allow
more accurate analysis of the performance of the fuel
injector 1, especially during phases of operation in which
the valve needle 20 does not reach its position of maxi-
mum lift in between closed periods. The difference be-
tween the voltage readings for the closed position and
the position of maximum lift is illustrated in Figure 3.
[0072] For comparison, Figure 4 illustrates the equiv-
alent voltage readings for an alternative embodiment in
which the engagement element acts as a height adjust-
ment device but is not arranged to act as an electrically
resistive layer (for example where the engagement ele-
ment is formed of the same material as the main body of
the valve needle), and in which identical voltage readings
are returned for the closed position and the position of
maximum lift.
[0073] Figure 5 illustrates an alternative embodiment
in which the engagement element 26 is located directly
on an end face of the valve needle 20 (instead of being
provided on a protrusion extending from the proximal end
of the valve needle).
[0074] Figure 6 illustrates an alternative embodiment
in which the engagement element 26 is partially received
in a recess formed in the proximal end of the valve needle
20.
[0075] Figure 7 illustrates another alternative embod-
iment in which the engagement element 26 is located on
and partially surrounds the protrusion 27 provided on the
proximal end of the valve needle 20.

[0076] In the embodiments shown in Figures 6 and 7
the engagement element 26 may be press fitted into or
onto its corresponding feature on the valve needle 20
instead of being welded in place or attached by an ad-
hesive.
[0077] In the above-described embodiments the en-
gagement element 26 takes the form of a separately man-
ufactured component that has been attached to the valve
needle 20. However, in other embodiments, the engage-
ment element (acting as a height adjustment device
and/or as an electrically resistive layer) may alternatively
take the form of a coating formed directly on the valve
needle.
[0078] It will be appreciated that many further modifi-
cations and variations are also possible within the scope
of the appended claims.

Claims

1. A fuel injector (1) for use in an internal combustion
engine, the fuel injector comprising:

a nozzle body (30) having a bore (31) for receiv-
ing fuel;
a valve needle (20); and
a lift stop component (50);
wherein the valve needle (20) is slidable within
the bore (31) between a closed position in which
the valve needle engages a nozzle seat (32) pro-
vided by the nozzle body (30) and a position of
maximum lift in which the valve needle engages
the lift stop component (50);
wherein the fuel injector (1) further comprises
an engagement element (26) provided on the
valve needle (20) at an end of the valve needle
closest to the lift stop component (50), wherein
the valve needle is arranged to engage the lift
stop component via the engagement element
when in its position of maximum lift and,
wherein the engagement element (26) compris-
es a separately formed component that has
been attached to the valve needle (20) and,
wherein the engagement element (26) is a
height adjustment device having a height (H) in
a direction parallel to a direction of movement
(M) of the valve needle (20) that is selected so
as to set the location of the valve needle relative
to the nozzle body (30) when in its position of
maximum lift and,
wherein the height H of the height adjustment
device (26) is in the range 0.1 to 3mm, or in the
range 0.3 to 2mm, or in the range 0.4 to 1.5mm.

2. A fuel injector (1) according to claim 1, wherein the
engagement element (26) is attached to the valve
needle (20) by an adhesive or by a welded connec-
tion or by a press-fit connection.
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3. A fuel injector (1) according to any of claims 1 or 2,
wherein the engagement element (26) is an electri-
cally resistive layer forming part of the electrical path-
way formed between the valve needle (20) and the
lift stop component (50) when the valve needle is in
its position of maximum lift.

4. A fuel injector (1) according to claim 3, wherein the
electrically resistive layer (26) provides a resistance
of 10 Ohms to 40 kOhms, or 500 Ohms to 20 kOhms.

5. A fuel injector (1) according to claim 6 or claim 4,
wherein the fuel injector further comprises a meas-
urement system comprising an electrically conduc-
tive pathway (70) arranged to be connected to a pow-
er supply in order to apply a voltage to the valve
needle (20), wherein the electrically resistive layer
(26) acts to increase the electrical resistance be-
tween the valve needle and the lift stop component
(50) when the valve needle is in its position of max-
imum lift.

6. A fuel injector (1) according to claim 5, wherein the
electrically resistive layer (26) causes the voltage of
the valve needle (20) and/or the current flowing
through the valve needle when the valve needle is
in its position of maximum lift to be different to the
voltage of the valve needle and/or the current flowing
through the valve needle when the valve needle is
in its closed position.

7. A fuel injector (1) according to claim 6, wherein the
electrically resistive layer (26) causes the voltage of
the valve needle (20) to be higher when the valve
needle is in its position of maximum lift than when
the valve needle is in its closed position and/or
wherein the electrically resistive layer causes the
current flowing through the valve needle to be lower
when the valve needle is in its position of maximum
lift than when the valve needle is in its closed posi-
tion.

8. A method of manufacturing a fuel injector (1) for use
in an internal combustion engine, the method com-
prising:

providing a nozzle body (30) having a bore (31)
for receiving fuel, a valve needle (20) and a lift
stop component (50);
providing a height adjustment device (26) on the
end of the valve needle (20) that is arranged to
be closest to the lift stop component (50); and
assembling the nozzle body (30), the valve nee-
dle (20) and the lift stop component (50) togeth-
er;
wherein the height (H) of the height adjustment
device (26) is selected so as to set the location
of the valve needle (20) relative to the nozzle

body (30) when in its position of maximum lift.

9. A method according to claim 8, wherein the step of
providing the height adjustment device (26) compris-
es providing a separately formed height adjustment
device and attaching the height adjustment device
to the valve needle (20); or alternatively wherein the
step of providing the height adjustment device com-
prises forming a height adjustment coating on the
valve needle.

10. A method according to claim 8 or 9, wherein the
height (H) of the height adjustment device (26) is
selected to compensate for an increase in the dis-
tance between the nozzle body (30) and the lift stop
component (50) caused by the addition of one or
more further components (45, 46) of the fuel injector
(1).

11. A method according to any of claims 8 to 10, wherein
the height (H) of the height adjustment device (26)
is selected to compensate for manufacturing varia-
tions of one or more components of the fuel injector
(1).

12. A method according to any of claims 8 to 11, wherein
the height (H) of the height adjustment device (26)
is selected to tune the distance between a tip (21)
of the valve needle (20) and a nozzle seat (32) of
the nozzle body (30) when the valve needle is in its
position of maximum lift in order to achieve a desired
operating characteristic for the fuel injector.
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