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(54) Injection nozzle

(57) An injection nozzle for an internal combustion
engine, the injection nozzle including an outer valve
needle (14) which is engageable with an outer valve
seating (30) so as to control injection through a first noz-
zle outlet (20), an inner valve needle (22) which is mov-
able within the outer valve needle (14) and engageable
with an inner valve seating (34) so as to control injection
through a second nozzle outlet (26), and coupling
means (22b, 122; 22b, 222) for coupling movement of
the outer valve needle (14) to the inner valve needle (22)
in circumstances in which the outer valve needle (14) is
moved away from the outer valve seating (30) beyond
a predetermined amount (L), thereby to permit fuel in-
jection through both the first and second nozzle outlets
(20, 26). The outer valve seating (30) defines first and
second seats (56, 58) for the outer valve needle (14),
wherein co-operation between the outer valve needle
(14) and the first seat (56) controls fuel flow between a
first delivery chamber (46) and the first nozzle outlet (20)
and co-operation between the outer valve needle (14)
and the second seat (58) controls fuel flow between a
second delivery chamber (49) and the first nozzle outlet
(20). The second delivery chamber (49) communicates
with the first delivery chamber (46) by way of a supple-
mentary flow path (24, 47) defined, at least partially,
within the outer valve needle (14). The coupling means
includes a resilient member (60) carried by the outer
valve needle (14), the resilient member (60) being
brought into engagement with the inner valve needle
(22) following movement of the outer valve needle (14)

beyond the predetermined amount (L) so as to cause
the inner valve needle (22) to move together with the
outer valve needle (14).
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Description

[0001] The present invention relates to an injection
nozzle for use in a fuel injection system for an internal
combustion engine. It relates particularly, but not exclu-
sively, to an injection nozzle for use in a compression
ignition internal combustion engine, in which first and
second valve needles are operable to control injection
of fuel into an associated combustion space through a
plurality of nozzle outlets.
[0002] A so-called variable injection nozzle has at
least two outlet openings through which fuel is injected
into an associated combustion cylinder, with first and
second valve needles being operable to control whether
injection occurs through only one of the outlets or
through both of the outlets together. In one known injec-
tion nozzle of this type, the fuel flow to a first set of nozzle
outlets is controlled by an outer valve needle. The flow
to a second set of nozzle outlets is controlled by an inner
valve needle which is lifted by the outer valve needle
only after the flow of fuel through the first set of nozzle
outlets reaches a sufficient rate. This arrangement en-
ables the selection of a large total nozzle outlet area for
high power modes, and a small total nozzle outlet area
for optimum engine emissions for low to medium power
modes. The injection nozzle therefore has a greater ver-
satility than single-stage injection nozzles, in which only
a single valve needle controls injection through one noz-
zle outlet, or through a single set of nozzle outlets.
[0003] There are, however, two main problems with
variable injection nozzles of the aforementioned type.
Firstly, the total valve needle lift requirement is large
compared to a single stage injection nozzle which has
only a single valve needle. Secondly, a chamber formed
between the inner and outer valve needles is in fluid
communication with the first set of nozzle outlets be-
tween injections events. The fuel in this chamber can
be ejected from the nozzle outlets late in the combustion
cycle thereby causing the engine to produce hydrocar-
bon emissions, i.e. unburnt or partially burnt fuel in the
exhaust.
[0004] In one type of variable orifice injection nozzle,
a piezoelectric actuator is implemented to lift the valve
needle. An actuator have a piezoelectric stack is ener-
gised and de-energised repeatedly so as to control
stack length and, hence, movement of the nozzle valve
needle. The energy required to lift the valve needle is
thus provided electrically, which has a direct effect on
stack volume (i.e. width, length and depth) and the over-
all reliability of the actuator. As the effect of the fuel vol-
ume during injection is becoming more critical for cur-
rent engine emissions requirements, accuracy of control
and repeatability of injector performance are increasing-
ly important. To pass proposed emissions regulations,
for example, engines are being run with high levels of
exhaust gas recirculation in low and medium power
modes, meaning that the lower level of available oxygen
reduces the chance of poorly atomised fuel being burnt.

[0005] It is an object of the present invention to pro-
vide an improved variable orifice injection nozzle, which
is capable of achieving current and future emissions re-
quirements whilst overcoming the disadvantages of the
prior art.
[0006] According to a first aspect of the present inven-
tion, there is provided an injection nozzle for an internal
combustion engine, the injection nozzle including an
outer valve needle which is engageable with an outer
valve seating so as to control injection through a first
nozzle outlet, an inner valve needle which is movable
within the outer valve needle and engageable with an
inner valve seating so as to control injection through a
second nozzle outlet, and coupling means for coupling
movement of the outer valve needle to the inner valve
needle in circumstances in which the outer valve needle
is moved away from the outer valve seating beyond a
predetermined amount, thereby to permit fuel injection
through both the first and second nozzle outlets. The
outer valve seating defines first and second seats for
the outer valve needle wherein co-operation between
the outer valve needle and the first seat controls fuel
flow between a first delivery chamber and the first nozzle
outlet and co-operation between the outer valve needle
and the second seat controls fuel flow between a second
delivery chamber and the first nozzle outlet. The second
delivery chamber communicates with the first delivery
chamber by way of a supplementary flow path defined,
at least partially, within the outer valve needle. Further,
the coupling means includes a resilient member carried
by the outer valve needle, the resilient member being
brought into engagement with the inner valve needle fol-
lowing movement of the outer valve needle beyond the
predetermined amount so as to cause the inner valve
needle to move together with the outer valve needle.
[0007] The injection nozzle of the present invention
enables a reduced lift force to be applied to the outer
valve needle by the injector actuator, whilst still achiev-
ing acceptable flow to the first outlet. A reduced lift force
can be used due to fuel flowing past two seats to the
first outlet. This differs from known variable orifice noz-
zles, where flow to the nozzle outlets flows past only a
single seat. The reduced demand on the actuator pro-
longs the service life of this relatively expensive injector
component. Additionally, control of injection is improved
to help meet emissions requirements.
[0008] In a preferred embodiment, the outer valve
needle is provided with an axial bore within which the
inner valve needle is received, and wherein the supple-
mentary flow path is defined, in part, by a region of the
axial bore.
[0009] In a preferred embodiment, the supplementary
flow path is further defined by at least one radial pas-
sage provided in the outer valve needle, wherein the ra-
dial passage effects communication between the first
delivery chamber and the axial bore in the outer valve
needle.
[0010] In one embodiment, the resilient member
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takes the form of an elongate member having lateral re-
silience, for example a spring pin of generally C-shaped
cross section. A part of the inner valve needle is re-
ceived within the spring pin and is movable within said
pin upon movement of the outer valve needle away from
the outer valve needle seating by less than the prede-
termined amount.
[0011] Preferably, the resilient member is carried by
the outer valve needle through frictional engagement
between these parts. For example, an outer surface of
the spring pin is in frictional engagement with the outer
valve needle to couple the spring pin and the outer valve
needle together.
[0012] In a further preferred embodiment, the resilient
member includes a first contact surface for engagement
with a second contact surface of the inner valve needle,
the surfaces being substantially flat. In an alternative
preferred embodiment, said contact surfaces are of sub-
stantially frusto-conical form.
[0013] The latter embodiment may be advantageous
as it provides a stronger inner valve needle structure. In
particular, the resilient member defines a first upper con-
ical surface and the enlarged end of the inner valve nee-
dle defines a correspondingly shaped second upper
conical surface for engagement with said first upper
conical surface of the resilient member, wherein said up-
per surfaces define therebetween a clearance distance
equal to the predetermined amount when the inner and
outer valve needles are seated, and wherein said outer
valve member is movable away from the outer valve
seating through the predetermined distance so as to en-
gage said upper contact surfaces, thereby causing any
further movement of the outer valve needle away from
the outer valve seating to be imparted to the inner valve
needle.
[0014] In a further preferred embodiment, the inner
valve needle includes a seating region which is engage-
able with the inner valve seating, the seating region in-
cluding a region of part-spheroid form which defines, to-
gether with the inner valve seating, a seat restriction
through which fuel flows between the second delivery
chamber and the second nozzle outlet in circumstances
in which the inner valve needle is lifted away from the
inner valve seating.
[0015] Preferably, the seating region includes a re-
gion of conical form downstream of the part-spheroid re-
gion so as to have a decelerating effect on fuel flow ve-
locity downstream of the seat restriction. This is benefi-
cial as it ensures that the highest possible pressure is
recovered in the nozzle sac volume, downstream of the
seat restriction, before the fuel flows into the second out-
let. This ensures a good flow characteristic is achieved
to the second outlet, without the requirement for exces-
sive lift distances for the inner valve needle which are
required for known seat geometries.
[0016] According to a second aspect of the present
invention, there is provided an injection nozzle for an
internal combustion engine, the injection nozzle includ-

ing an outer valve needle which is engageable with an
outer valve seating so as to control injection through a
first nozzle outlet and an inner valve needle which is
movable within the outer valve needle and engageable
with an inner valve seating so as to control injection
through a second nozzle outlet. The outer valve seating
defines first and second seats for the outer valve needle,
wherein co-operation between the outer valve needle
and the first seat controls fuel flow between a first deliv-
ery chamber and the first nozzle outlet and co-operation
between the outer valve needle and the second seat
controls fuel flow between a second delivery chamber
and the first nozzle outlet, the second delivery chamber
communicating with the first delivery chamber by way
of a supplementary flow path defined, at least partially,
within the outer valve needle. The inner valve needle
includes a seating region which is engageable with the
inner valve seating wherein the seating region includes
a region of part-spheroid form defining, together with the
inner valve seating, a seat restriction through which fuel
flows between the second delivery chamber and the
second nozzle outlet in circumstances in which the inner
valve needle is lifted away from the inner valve seating.
[0017] Preferably, the seating region may include a
region of conical form downstream of the part-spheroid
region so as to have a decelerating effect on fuel flow
velocity downstream of the seat restriction.
[0018] In a preferred embodiment, the injection noz-
zle includes coupling means for coupling movement of
the outer valve needle to the inner valve needle in cir-
cumstances in which the outer valve needle is moved
away from the outer valve seating beyond a predeter-
mined amount, thereby to permit fuel injection through
both the first and second nozzle outlets.
[0019] Optional or preferred features of the first as-
pect of the invention may also be incorporated in the
second aspect of the invention.
[0020] In another aspect the invention provides an in-
jector for use in a fuel injection system of an internal
combustion engine, the injector including an injection
nozzle in accordance with the first or second aspect of
the invention and an actuator for actuating movement
of the outer valve needle. Preferably, the actuator is of
the piezoelectric type to realise the advantages of the
invention.
[0021] In another aspect, there is provided an injector
for use in a fuel injection system of an internal combus-
tion engine, wherein the injector includes an injection
nozzle according to the second aspect of the present
invention, a first actuator for actuating movement of the
outer valve needle and a second actuator for actuating
movement of the inner valve needle.
[0022] The invention is particularly applicable to pie-
zoelectrically actuated fuel injectors due to the benefits
of the outer valve needle having two seats, as described
previously, which allows reduced lift forces to be used.
The service life of the actuator is therefore prolonged
and performance is improved.
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[0023] The invention will be described, by way exam-
ple only, with reference to the accompanying drawings,
in which:

Figure 1 is a sectional view of an injector incorpo-
rating an injection nozzle in accordance with the
present invention;

Figure 2 is a sectional view of a first embodiment of
the injection nozzle when in a closed state (non-in-
jecting);

Figure 3 is an enlarged view of a part of the outer
valve needle of the injection nozzle in Figure 2;

Figure 4 is an enlarged view of a spring pin forming
part of the injection nozzle in Figure 2;

Figure 5 is a sectional view of the injection nozzle
in Figure 2 when in a first, open state (a first injecting
state);

Figure 6 is a sectional view of the injection nozzle
in Figure 2 when in a second open state (a second
injecting state); and

Figure 7 is a sectional view of an alternative embod-
iment of the injection nozzle when in a closed state
(non-injecting).

[0024] The injection nozzle of the present invention is
of the variable orifice nozzle type and includes first and
second valve needles for controlling injection through
respective first and second sets of nozzle outlets pro-
vided in an injection nozzle body. The injection nozzle
is particularly suitable for implementation within an in-
jector having a piezoelectric actuator for controlling
movement of the valve needles.
[0025] Figure 1 shows a piezoelectric injector, re-
ferred to generally as 10, within which the injection noz-
zle of the present invention may be incorporated. The
injection nozzle is referred to generally as 12. Only cer-
tain elements of the injection nozzle 12 are visible in Fig-
ure 1, but details can be seen more clearly in the en-
larged cross section shown in Figure 2.
[0026] Referring to Figures 1 and 2, an outer valve
needle 14 of the nozzle 10 is movable within a blind bore
16 provided in a nozzle body 18 so as to control fuel
injection through a first set of outlet openings 20 (visible
only in Figure 2). The injection nozzle also includes an
inner valve needle 22 which is slidably mounted within
an axial bore 24 provided in a lower region of the outer
valve needle 14. Movement of the inner valve needle 22
controls fuel injection through a second set of outlets 26
(visible only in Figure 2). The blind end of the nozzle
body bore 16 defines a sac volume 27, with which inlet
ends of the second set of outlets 26 communicate. The
first and second sets of outlets 20, 26 are shown as hav-

ing two or more outlets in each set, although equally
each set may be replaced by just a single outlet, one
being at a first axial height along the nozzle body 18 and
one being at a second, different height along the nozzle
body 18. For the purpose of this specification, any ref-
erence to "outlet" shall therefore be taken to mean one
or more outlets.
[0027] The outer valve needle 14 is biased towards
an outer valve seating 30, of substantially frustoconical
form, by means of a first closing spring 32 (visible only
in Figure 1) and is actuated to move away from the outer
valve seating 30, against the spring force, by means of
a piezoelectric actuator 28. The inner valve needle 22
is biased towards an inner valve seating 34 by means
of a second closing spring 36 and is actuated to move
away from the inner valve seating 34, against the spring
force, upon movement of the outer valve needle 14 be-
yond a predetermined amount, as described in further
detail below. The inner valve seating 34 is located down-
stream of the outer valve seating 30, both seatings 30,
34 being defined by a lower region of the nozzle body
bore 16. The second closing spring 36 is located within
a spring chamber 23 defined at an upper end of the axial
bore 24 in the outer valve needle 14. Typically, the first
and second closing springs 32, 36 may be helical com-
pression springs, although other types of resilient bias-
ing components may be used as alternatives. The pro-
vision of the springs 32, 36 ensures that the valve nee-
dles 14, 22 remain seated at times when there is no fuel
pressure in the injector.
[0028] The piezoelectric actuator 28 includes a stack
40 of piezoelectric elements, the stack 40 being ar-
ranged within an injector accumulator volume 42 which
is filled with high pressure fuel so as to apply a hydro-
static loading to the stack 40. The piezoelectric stack 40
has an associated electrical connector 44 for allowing a
variable voltage to be applied across the stack 40. The
actuator 28 is coupled to the outer valve needle 14 via
an appropriate coupling arrangement, such as a hydrau-
lic amplifier arrangement 37. Thus, by varying the volt-
age across the piezoelectric stack 40, the length of the
stack 40 is varied to control movement of the outer valve
needle 14 through the hydraulic amplifier 37.
[0029] Fuel is delivered to the injector through an inlet
39 (visible in Figure 1), for example a common rail or
other common fuel volume, which is also arranged to
supply fuel to one or more other injectors of the engine
also. The inlet 39 supplies fuel to the accumulator vol-
ume 42 and from here fuel is supplied to a first, upper
delivery chamber 46. The upper delivery chamber 46 is
defined between the outer surface of the outer valve
needle 14 and the nozzle body bore 16 in a region up-
stream of the outer valve seating 30. The outer valve
needle 14 is provided with radial cross drillings 47,
wherein one end of each drilling 47 communicates with
the upper delivery chamber 46 and the other end of each
drilling 47 communicates with the needle bore 24. The
radial drillings 47 define a part of a flow path for fuel
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between the upper delivery chamber 46 and a second,
lower delivery chamber 49 located downstream of the
first outlets 20. From the lower delivery chamber 49, fuel
is able to flow into the first outlets 20 when the outer
valve needle 14 is lifted away from the outer valve seat-
ing 30, and also into the second outlets 26 when the
inner valve needle 22 is lifted away from the inner valve
seating 34, as will be discussed further below.
[0030] The outer valve needle 14 includes an upper
end region 14a (only visible in Figure 1) having a diam-
eter which is substantially equal to that of the nozzle
body bore 16 so that co-operation between these parts
serves to guide movement of the outer valve needle 14
as it moves within the nozzle body bore 16, in use. The
lower region of the outer valve needle 14 includes a
seating region 14b which is shaped for engagement with
the outer valve seating 30.
[0031] As shown more clearly in Figure 3, it is a par-
ticular feature of the invention that the outer surface of
the outer valve needle 14 is shaped to define a first (up-
per) seating line 50 upstream of the first outlets 20 and
a second (lower) seating line 52 downstream of the first
outlets 20. The outer valve needle 14 is provided with a
grooved or recessed region which define, at respective
upper and lower edges thereof, the upper and lower
seating lines 50, 52.
[0032] Four distinct regions of the outer valve needle
14 are visible in Figure 3: an upper region 14c, an upper
seat region 14d, a lower seat region 14e and an end
region 14f. For clarity, the regions 14c-14f of the outer
valve needle 14 are not identified in Figure 2. The upper
seat region 14d and the lower seat region 14e together
form the recessed region of the outer valve needle 14
and define, together with the adjacent region of the bore
16, an annular volume 54 for fuel at the inlet end of the
first outlets 20. The upper edge of the upper seat region
14c defines the upper seating line 50 and the lower edge
of the lower seat region 14e defines the lower seating
line 52. When the outer valve needle 14 adopts its seat-
ed position against the outer valve seating 30, both the
upper and lower seating lines 50, 52 engage with the
outer valve seating 30 at respective first and second
seats 56, 58, thereof.
[0033] Referring again to Figure 2, the inner valve
needle 22 is shaped to include three distinct regions: a
lower region 22a, a stepped region 22b and an upper
enlarged end region 22c. The lower region of the inner
valve needle 22 forms a seating region 22a for the inner
valve needle 22 which is shaped for engagement with
the inner valve seating 34. The seating region 22a is
engageable with the inner valve seating 34 so as to con-
trol injection through the second outlets 26. It is a par-
ticular feature of the seating region 22a that it is of part-
spheroid form, tapering or blending into a region of con-
ical form which terminates at a cone tip.
[0034] The outer valve needle 14 is coupled to, or car-
ries, a resilient member 60 in the form of a spring pin
60, as shown in further detail in Figure 4. The spring pin

60 is of generally C-shaped cross section and is coupled
to the outer valve needle 14 through frictional contact
between its outer surface and the surface of the bore 24
in the outer valve needle 14. The spring pin has lateral
(as opposed to axial) resilience, and it is this resilience
that provides a frictional coupling between the parts 60,
14. The outer diameter of the spring pin 60 is selected
so as to be slightly greater than the internal diameter of
the axial bore 24 in the outer valve needle 14, so that
with the inner valve needle and spring pin assembly 22,
60 received within the axial bore 24 of the outer valve
needle 14, the lateral resilience of the spring pin 60
serves to urge the outer surface of the spring pin 60 into
frictional contact with the bore surface.
[0035] The spring pin 60 has lower and upper end sur-
faces, 60a, 60b respectively, which are substantially flat.
As identified in Figure 2, the stepped region 22b and the
enlarged end region 22c of the inner valve needle 22
define corresponding flat surfaces, 122a, 122b respec-
tively. The lower end surface 60a of the spring pin 60
defines an abutment surface for the stepped region 22b
of the inner valve needle 22. The upper end surface 60b
of the spring pin 60 is engageable with the surface 122b
of the enlarged end 22c of the inner valve needle 22 to
provide a means for coupling movement of outer valve
needle 14 to the inner valve needle 22 when the former
is moved away from the outer valve seating 30 by an
amount which exceeds a distance L. The distance L is
defined by the clearance, when both needles 22, 14 are
seated, between the upper end surface 60b of the spring
pin 60 and the surface 122b of the enlarged end region
22c of the inner valve needle 22.
[0036] Operation of the injector will now be described
in further detail. Fuel under high pressure is delivered
to the upper delivery chamber 46 from the common rail
of the injection system. Initially, the piezoelectric actua-
tor 28 is energised and the stack 40 has a relatively ex-
tended length. In this situation the inner and outer valve
needles 22, 14 are held against their respective seatings
30, 34 due to the forces of their respective springs 36,
32.
[0037] When the piezoelectric actuator 28 is de-ener-
gised to a first energisation level, the stack 40 is caused
to contract. As a result, a lifting force is transmitted to
the outer valve needle 14 through the hydraulic amplifier
37, thus causing the outer valve needle 14 to be moved
away from the outer valve seating 30, disengaging both
the upper seating line 50 from the upper seat 56 and the
lower seating line 52 from the lower seat 58. This is the
position of the outer valve needle 14 shown in Figure 5.
During this initial de-energisation of the actuator 28, the
outer valve needle 14 is caused to move through a rel-
atively small distance, which is less than the distance L.
The resilience of the spring pin 60 causes it to engage
frictionally with the axial bore 24 in the outer valve nee-
dle 14, so that as the outer valve needle 14 moves it
carries the spring pin 60 with it, opening a gap (identified
as G in Figure 5) between the lower surface 122a on the
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stepped region 22b of the inner valve needle 22 and the
lower surface 60a of the pin 60. Providing that the dis-
tance through which the outer valve needle 14 is moved
is less than the distance L, the upper end of the spring
pin 60 does not engage with the enlarged end 22c of the
inner valve needle 22 which, thus, remains seated
against the inner valve seating 34.
[0038] When the outer valve needle 14 is in a position
in which it is lifted away from the outer valve seating 30,
fuel is able to flow from the upper delivery chamber 46,
past the upper seat 56, into the annular volume 54 and
through the first outlets 20 into the combustion chamber.
In addition, fuel is able to flow from the upper delivery
chamber 46, through the supplementary flow path de-
fined in the outer valve needle 14 (i.e. the flow path de-
fined by the radial drillings 47 and the axial bore 24) and
into the lower delivery chamber 49. Fuel delivered to the
lower delivery chamber 49 is able to flow past the ex-
posed lower seat 58, into the annular volume 54 and out
through the first outlets 20. Thus, when the outer valve
needle 14 is lifted from the outer valve seating 30, there
are two paths for fuel flow to the first outlets 20: a first
flow path (represented by arrow A) past the upper seat
56, directly from the upper delivery chamber 46, and a
second flow path (represented by arrow B) past the low-
er seat 58, indirectly from the upper delivery chamber
46 via the lower delivery chamber 49.
[0039] Providing the outer valve needle 14 is only
moved by an amount which is less than distance L, the
inner valve needle 22 will remain seated against the in-
ner valve seating 34 as the upper end of the spring pin
60 remains spaced from the enlarged end region 22c of
the inner valve needle 22 and so that the needles 22,
14 remain de-coupled. With the inner valve needle 22
seated against the inner valve seating 34, fuel is unable
to flow from the lower delivery chamber 49, past the in-
ner valve seating 34 and into the second outlets 26 and
so injection only takes place through the first outlets 20.
[0040] If it is required to terminate injection, the actu-
ator 28 is energised so as to extend the length of the
stack 40 and the outer valve needle 14 is seated under
the closing force of the spring 32.
[0041] Referring to Figure 6, during a subsequent, or
an alternative, stage of injector operation, the piezoe-
lectric actuator 28 may be de-energised further, to a sec-
ond de-energisation level, causing the length of the
stack 40 to be further reduced. As a result, the outer
valve needle 14 is lifted away from the outer valve seat-
ing 30 by a further amount which is greater than distance
L. The upper end surface 60b of the spring pin 60 is
therefore caused to engage with the enlarged end re-
gion 22c of the inner valve needle 22. This coupling be-
tween the outer and inner valve needles 14, 22 results
in the lift force applied to the outer valve needle 14 being
transmitted to the inner valve needle 22. The inner valve
needle 22 is thus caused to lift from the inner valve seat-
ing 34. It will be appreciated that in such circumstances,
the surface 122a of the stepped region of the inner valve

needle 22 and the lower surface 60a of the spring pin
60 become separated by a clearance equivalent to dis-
tance L.
[0042] With the inner valve needle 22 lifted away from
the inner valve seating 34, fuel delivered to the lower
delivery chamber 49 is able to flow through the second
outlets 20 into the combustion chamber. Initially, the
second outlets 26 will draw fuel through the supplemen-
tary flow path B, defined, in part, by the axial bore 24 in
the outer valve needle 14, but as the inner valve needle
22 lifts further it eventually draws fuel both from the sup-
plementary flow path B and from the flow path surround-
ing the outer valve needle 14 (i.e. flow path A, as iden-
tified in Figure 5).
[0043] As the inner valve needle 22 lifts from its seat-
ing, a flow restriction 62 (referred to as the "seat restric-
tion") opens up between the outer surface of the seating
region 22a and the inner valve seating 34. The spheroi-
dal shape of the seating region 22a ensures that there
is a relatively smooth, and hence efficient, flow as it ap-
proaches the seat restriction 62. The flow is diffused
downstream of the seat restriction 62 due to the sphe-
roidal part of the seating region 22a tapering into the
conical end region. It is a benefit of the part-spheroid,
part-conical shaping of the seating region 22a that the
high flow velocity past the seat restriction 62 is smoothly
decelerated as the flow continues downstream to the
second outlets 26. This ensures that the highest possi-
ble pressure is recovered in the nozzle sac volume 27
before flowing into the second outlets 26. This ensures
a good flow characteristic is achieved to the second out-
lets 26, but without the requirement for excessive lift dis-
tances for the inner valve needle 22.
[0044] A further benefit of the part-spherical searing
region 22a is realised in that the seal established when
the region 22a seats against the frustoconical seating
surface 34 is less likely to leak fuel in the event of the
inner valve needle 22 being forced to lie (for example
due to manufacturing tolerances) at an angle relative to
the bore 24 of the outer valve needle 14 rather than be-
ing exactly coaxial therewith. This is because the spher-
ical section of the seating region 22a will maintain a sub-
stantially circular contact line with the conical seating
surface 34, as opposed to an elliptical contact line that
would result if the seating region 22a was entirely of frus-
toconical form.
[0045] In a conventional nozzle, the geometry of the
valve needle seat has to be selected carefully so as to
achieve high impact force resistance as the needle
seats and also to have a relatively small sac volume. In
the present invention, it is possible to instead optimise
the valve seat geometry for high flow efficiency for two
reasons. Firstly, the inner valve needle 22 is relatively
small and so, having low mass, has a low impact force.
Secondly, the nozzle sac volume 27 is only filled with
fuel at high engine power modes when problems with
hydrocarbon emissions are reduced, due to higher com-
bustion temperatures and the high levels of air let into
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the engine.
[0046] It is one benefit of the present invention that
there are two fuel flow paths to the outlets 20 when the
outer valve needle 14 is lifted away from the outer valve
seating 30, a first flow path directly from the upper de-
livery chamber 46 and a second flow path indirectly from
the upper delivery chamber 46 via the supplementary
flow path 47, 24 and the lower delivery chamber 49. Due
to the presence of these two flow paths past the seats
56, 58, the lift force required to move the outer valve
needle 14 is less than required in a conventional nozzle
in which the flow approaches the outlets from only one
direction (an upper delivery chamber). The present in-
vention therefore provides the benefit that reduced lift
forces are required to be provided by the piezoelectric
actuator 28, prolonging actuator service life and provid-
ing more efficient injector operation. It is a further ad-
vantage of providing two seats 56, 58 for the outer valve
needle 14 that only a small annular volume 54 of fuel is
exposed to the first outlets 20, and hence to the com-
bustion chamber, when the outer valve needle 14 is
seated at the end of injection. This results from commu-
nication between the annular volume 54 and the first
outlets 20 being closed by contact between the outer
valve needle and the lower seat 58 at the end of injec-
tion. In conventional injectors, in which only a single seat
is provided upstream of the outlets, a much greater vol-
ume of fuel downstream of the seat is exposed to the
outlets at this time.
[0047] A possible method by which the inner and out-
er valve members 22, 14 can be assembled together
will now be described. Initially, the inner valve needle 22
is received into the spring pin 60 so that the lower end
surface of the pin 60 abuts against the step 122 on the
needle 22. The inner valve needle 22 and the spring pin
60 are sized so as to define that distance L through
which the outer valve needle 14 is allowed to move, prior
to a lift force being transmitted to the inner valve needle
22 to couple movement of the needles 14, 22 together.
Once the spring pin 60 is assembled on the inner valve
needle 22, the spring 36 is then inserted into the spring
chamber 23 and the combined inner valve needle and
spring pin assembly 22, 60 is pushed into the axial bore
24 in the outer valve needle 14.
[0048] The assembled inner and outer valve needles
22, 14 are then together inserted into the nozzle body
bore 16. The needle assembly 22, 14 must be pushed
into the nozzle body bore 16 by precisely the correct
amount for the upper and lower seating lines 50, 52 of
the outer valve needle 14 to seat against their respective
seats 56, 58 and for the seating region 22a of the inner
valve needle 22 to seat against the inner valve seating
34, with the spring pin 60 correctly positioned to define
the required distance L. To achieve the desired setting,
the relative positions of the inner and outer valve nee-
dles 22, 14 may need to be adjusted once they are within
the nozzle body bore 16. This may be achieved by push-
ing the outer or inner valve needle 14, 22 against its

valve seating 30, 34 once the needle assembly 14, 22
is in position within the nozzle body bore 16. To avoid
damage being caused to the valve seatings 30, 34, dur-
ing this final assembly step it may be desirable to use a
"dummy" nozzle body (e.g. a tool with a bore having the
same cone angle as that of the bore 16) so as to align
the needles 22, 14 correctly before they are finally as-
sembled within the actual nozzle body 18.
[0049] An alternative embodiment of the injection
nozzle is shown in Figure 7. Similar parts to those shown
in Figures 2 to 6 are identified with like reference numer-
als and so will not be described in further detail. In Figure
7, respective contact surfaces 222a of the stepped re-
gion 22b of the inner valve needle 22 and the lower end
60a of the spring pin 60 are of conical form, rather than
being flat (in contrast with Figure 2). Respective contact
surfaces 222b of the enlarged end region 22c of the in-
ner valve needle 22 and the upper end 60b of the spring
pin 60 are also of conical form, rather than being flat
(also in contrast with Figure 2). Shaping of the inner
valve needle 22 in this way provides a stronger structure
and also enables a more convenient centreless grinding
technique to be used for manufacture.
[0050] It is a possible disadvantage of the conical con-
tact surfaces 222a, 222b for the spring pin 60 that ac-
curate setting of the distance, L, is more difficult to
achieve. This is because the lateral resilience of the
spring pin 60 alters its outer diameter when the inner
valve needle 22 and spring pin assembly 60 are intro-
duced into the outer valve needle 14 and the spring 60
engages frictionally with the surface of the bore 24.
[0051] For the embodiment of Figure 7 the following
sequence of steps may therefore be used to set the dis-
tance L accurately. The desired lift distance L is selected
beforehand and the inner and outer valve needles 22,
14 and the spring pin 60 are initially assembled so that
the actual distance (i.e. between the upper end of the
spring pin 60 and the underside of the enlarged end 22c
of the inner valve needle 22) is slightly larger than the
desired value L. Initially, the inner valve needle 22 and
the spring pin 60 are assembled together, as described
for the previous embodiment, and then the assembly 22,
60 is pushed into the axial bore 24 in the outer valve
needle 14 (with the closing spring 36 in place in the
chamber 23). This step may be achieved by pushing the
inner valve needle 22 into the axial bore 24 by reacting
against the nozzle body bore 16. The outer valve needle
14 is then pushed, against the closing spring 36, until
the upper and lower seating lines 50, 52 thereof contact
the upper and lower seats 56, 58 respectively of the out-
er valve seating 30, with the inner valve seating region
22a in contact with the inner valve seating 34. The dis-
tance, L2, through which the outer valve needle 14 must
be moved during this 'pushing' step is then measured.
The difference between the measured distance, L2, and
the selected distance, L, is calculated. If this difference
is zero, the inner and outer valve needles 22, 14 are
assembled correctly to give the desired distance L. If
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not, the inner valve needle 22 must be pushed further
into the axial bore 24, and the previous steps repeated,
until a measured distance of zero if achieved.
[0052] As mentioned previously, if there are concerns
about damaging the surface of the seating 34 as the in-
ner valve needle 22 is pushed into the axial bore 24, a
dummy nozzle body tool having a bore with the same
cone angle as that of the actual nozzle body bore 16
may be used for this step of the setting process.
[0053] Although the injection nozzle has been de-
scribed as suitable for forming part of a piezoelectric in-
jector, in practice the injector may include a different
type of actuator. For example, the outer valve needle
may be moveable by means of an electromagnetic ac-
tuator. It will also be appreciated that, if a piezoelectric
actuator is used, the actuator may be mechanically cou-
pled to the outer valve needle or alternatively may be
coupled to the outer valve needle through hydraulic
means. Additionally, although the foregoing description
assumes that the piezoelectric injector is of the de-en-
ergise-to-inject type, where a de-energisation of the ac-
tuator stack results in needle lift to commence injection,
the actuator and coupling to the outer valve needle may
be configured in an energise-to-inject manner.
[0054] The nozzle of the invention is also applicable
to injectors in which the inner and outer valve needles
are controlled independently of one another. For exam-
ple, separate actuators may be provided for each of the
inner and outer valve needles, or a single actuator may
be used to control the hydraulic forces applied to the
needles 14, 22. The feature of the embodiments in Fig-
ures 1 to 7, that movement of the inner valve needle is
coupled to the outer valve needle once the outer valve
needle is lifted beyond a predetermined distance, is not
therefore an essential feature of the present invention.

Claims

1. An injection nozzle for an internal combustion en-
gine, the injection nozzle including;

an outer valve needle (14) which is engageable
with an outer valve seating (30) so as to control
injection through a first nozzle outlet (20),

an inner valve needle (22) which is movable
within the outer valve needle (14) and engage-
able with an inner valve seating (34) so as to
control injection through a second nozzle outlet
(26), and

coupling means (22b, 122; 22b, 222) for cou-
pling movement of the outer valve needle (14)
to the inner valve needle (22) in circumstances
in which the outer valve needle (14) is moved
away from the outer valve seating (30) beyond
a predetermined amount (L), thereby to permit

fuel injection through both the first and second
nozzle outlets (20, 26),

wherein the outer valve seating (30) defines first
and second seats (56, 58) for the outer valve needle
(14), co-operation between the outer valve needle
(14) and the first seat (56) controlling fuel flow be-
tween a first delivery chamber (46) and the first noz-
zle outlet (20) and co-operation between the outer
valve needle (14) and the second seat (58) control-
ling fuel flow between a second delivery chamber
(49) and the first nozzle outlet (20), the second de-
livery chamber (49) communicating with the first de-
livery chamber (46) by way of a supplementary flow
path (24, 47) defined, at least partially, within the
outer valve needle (14),
and wherein the coupling means includes a resilient
member (60) carried by the outer valve needle (14),
the resilient member (60) being brought into en-
gagement with the inner valve needle (22) following
movement of the outer valve needle (14) beyond
the predetermined amount (L) so as to cause the
inner valve needle (22) to move together with the
outer valve needle (14).

2. The injection nozzle (12) as claimed in claim 1,
wherein the outer valve needle (14) is provided with
an axial bore (24) within which the inner valve nee-
dle (22) is received, and wherein the supplementary
flow path (24, 47) is defined, in part, by a region of
the axial bore (24).

3. The injection nozzle (12) as claimed in claim 1 or
claim 2, wherein the supplementary flow path is fur-
ther defined by at least one radial passage (47) pro-
vided in the outer valve needle (14), wherein the ra-
dial passage (47) effects communication between
the first delivery chamber (46) and the axial bore
(24).

4. The injection nozzle (12) as claimed in any one of
claims 1 to 3, wherein the resilient member (60) is
carried by the outer valve needle (14) through fric-
tional engagement.

5. The injection nozzle (12) as claimed in any one of
claims 1 to 4, wherein the resilient member (60)
takes the form of a spring pin having lateral resil-
ience, wherein an outer surface of the spring pin
(60) is in frictional engagement with the outer valve
needle (14) to couple the spring pin (60) and the
outer valve needle (14) together.

6. The injection nozzle (12) as claimed in any one of
claims 1 to 5, wherein the resilient member (60) in-
cludes a first contact surface (60b) for engagement
with a second contact surface (122b) of the inner
valve needle (22), wherein said contact surfaces
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(60b, 122b) are substantially flat.

7. The injection nozzle (12) as claimed in any one of
claims 1 to 5, wherein the resilient member (60) in-
cludes a first contact surface (222b) for engage-
ment with a second contact surface (60b) of the in-
ner valve needle (22), wherein said contact surfac-
es (60b, 222b) are of substantially frusto-conical
form.

8. The injection nozzle (12) as claimed in any one of
claims 1 to 7, wherein the inner valve needle (22)
includes a seating region (22a) which is engageable
with the inner valve seating (34), the seating region
(22a) including a region of part-spheroid form which
defines, together with the inner valve seating (34),
a seat restriction (62) through which fuel flows be-
tween the second delivery chamber (49) and the
second nozzle outlet (26) in circumstances in which
the inner valve needle (22) is lifted away from the
inner valve seating (34).

9. The injection nozzle (12) as claimed in claim 8,
wherein the seating region (22a) includes a region
of conical form downstream of the part-spheroid re-
gion so as to have a decelerating effect on fuel flow
velocity downstream of the seat restriction (62).

10. An injector (10) for use in a fuel injection system of
an internal combustion engine, wherein the injector
(10) includes an injection nozzle (12) as claimed in
any one of claims 1 to 9 and an actuator (28) for
actuating movement of the outer valve needle (14).

11. The injector as claimed in claim 10, wherein the ac-
tuator is a piezoelectric actuator (28).

12. An injection nozzle (12) for an internal combustion
engine, the injection nozzle including;

an outer valve needle (14) which is engageable
with an outer valve seating (30) so as to control
injection through a first nozzle outlet (20),

an inner valve needle (22) which is movable
within the outer valve needle (14) and engage-
able with an inner valve seating (34) so as to
control injection through a second nozzle outlet
(26),

wherein the outer valve seating (30) defines first
and second seats (56, 58) for the outer valve needle
(14), co-operation between the outer valve needle
(14) and the first seat (56) controlling fuel flow be-
tween a first delivery chamber (46) and the first noz-
zle outlet (20) and co-operation between the outer
valve needle (14) and the second seat (58) control-
ling fuel flow between a second delivery chamber

(49) and the first nozzle outlet (20), the second de-
livery chamber (49) communicating with the first de-
livery chamber (46) by way of a supplementary flow
path (24, 47) defined, at least partially, within the
outer valve needle (14),
and wherein the inner valve needle (22) includes a
seating region (22a) which is engageable with the
inner valve seating (34), the seating region (22a)
including a region of part-spheroid form which de-
fines, together with the inner valve seating (34), a
seat restriction (62) through which fuel flows be-
tween the second delivery chamber (49) and the
second nozzle outlet (26) in circumstances in which
the inner valve needle (22) is lifted away from the
inner valve seating (34).

13. The injection nozzle (12) as claimed in claim 12,
wherein the seating region (22a) includes a region
of conical form downstream of the part-spheroid re-
gion so as to have a decelerating effect on fuel flow
velocity downstream of the seat restriction (62).

14. The injection nozzle (12) as claimed in claim 12 or
claim 13, wherein the outer valve needle (14) is pro-
vided with an axial bore (24) within which the inner
valve needle (22) is received, and wherein the sup-
plementary flow path (24, 47) is defined, in part, by
a region of the axial bore (24).

15. The injection nozzle (12) as claimed in claim 14,
wherein the supplementary flow path is further de-
fined by at least one radial passage (47) provided
in the outer valve needle (14), wherein the radial
passage (47) effects communication between the
first delivery chamber (46) and the axial bore (24).

16. The injection nozzle (12) as claimed in any one of
claims 12 to 15, further comprising coupling means
(22b, 122; 22b, 222) for coupling movement of the
outer valve needle (14) to the inner valve needle
(22) in circumstances in which the outer valve nee-
dle (14) is moved away from the outer valve seating
(30) beyond a predetermined amount (L), thereby
to permit fuel injection through both the first and
second nozzle outlets (20, 26).

17. An injector (10) for use in a fuel injection system of
an internal combustion engine, wherein the injector
(10) includes an injection nozzle (12) as claimed in
any one of claims 12 to 16 and an actuator (28) for
actuating movement of the outer valve needle (14).

18. The injector as claimed in claim 17, wherein the ac-
tuator is a piezoelectric actuator (28).

19. An injector (10) for use in a fuel injection system of
an internal combustion engine, wherein the injector
(10) includes an injection nozzle as claimed in any
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one of claims 12 to 15, a first actuator for actuating
movement of the outer valve needle (14) and a sec-
ond actuator for actuating movement of the inner
valve needle (22).

20. The injector as claimed in claim 19, wherein at least
one of the actuators is a piezoelectric actuator.
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