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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 plu-
rality of nozzle outlets.

[0002] A so-calledvariableinjection nozzle has atleast
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 injection nozzle of this
type, the fuel flow to a first set of nozzle outlets is con-
trolled by an outer valve needle. The flow to a second
set of nozzle outlets is controlled by aninner 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 enables 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 versatility than single-
stage injection nozzles, in which only a single valve nee-
dle controls injection through one nozzle outlet, or
through a single set of nozzle outlets.

[0003] Document WO 03/040543 A shows a variable
injection nozzle having first and second sets of nozzle
outlets controlled repectively by an outer and an inner
valve needle.

[0004] There are, however, two main problems with
variable injection nozzles of the aforementioned type.
Firstly, the total valve needle lift requirement s large com-
pared to a single stage injection nozzle which has only
a single valve needle. Secondly, a chamber formed be-
tween the inner and outer valve needles is in fluid com-
munication with the first set of nozzle outlets between
injections events. The fuel in this chamber can be ejected
from the nozzle outlets late in the combustion cycle there-
by causing the engine to produce hydrocarbon emis-
sions, i.e. unburnt or partially burnt fuel in the exhaust.
[0005] 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 pro-
vided electrically, which has a direct effect on stack vol-
ume (i.e. width, length and depth) and the overall relia-
bility of the actuator. As the effect of the fuel volume dur-
ing injection is becoming more critical for current engine
emissions requirements, accuracy of control and repeat-
ability of injector performance are increasingly important.
To pass proposed emissions regulations, for example,
engines are being run with high levels of exhaust gas
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recirculation in low and medium power modes, meaning
that the lower level of available oxygen reduces the
chance of poorly atomised fuel being burnt.

[0006] Itis an object of the present invention to provide
an improved variable orifice injection nozzle, which is ca-
pable of achieving current and future emissions require-
ments whilst overcoming the disadvantages of the prior
art.

[0007] 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 out-
er 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-op-
eration 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 be-
tween 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 nee-
dle- 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 outletin circum-
stances in which the inner valve needle is lifted away
from the inner valve seating.

[0008] Preferably, the seating region may include 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 beneficial
as it ensures that the highest possible pressure is recov-
ered in the nozzle sac volume, downstream of the seat
restriction, before the fuel flows into the second outlet.
This ensures a good flow characteristic is achieved to
the second outlet, without the requirement for excessive
lift distances for the inner valve needle which are required
for known seat geometries.

[0009] In apreferred embodiment, the injection nozzle
includes coupling means for coupling movement of the
outer valve needle to the inner valve needle in circum-
stances 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.

[0010] Theinjection nozzle of the presentinvention en-
ables a reduced lift force to be applied to the outer valve
needle by the injector actuator, whilst still achieving ac-
ceptable 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 nozzles,
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where flow to the nozzle outlets flows past only a single
seat. The reduced demand on the actuator prolongs the
service life of this relatively expensive injector compo-
nent. Additionally, control of injection is improved to help
meet emissions requirements.

[0011] Inapreferred embodiment, the outer valve nee-
dle is provided with an axial bore within which the inner
valve needle is received, and wherein the supplementary
flow path is defined, in part, by a region of the axial bore.
[0012] In a preferred embodiment, the supplementary
flow path is further defined by at least one radial passage
provided in the outer valve needle, wherein the radial
passage effects communication between the first deliv-
ery chamber and the axial bore in the outer valve needle.
[0013] Inone embodiment, the resilient member takes
the form of an elongate member having lateral resilience,
for example a spring pin of generally C-shaped cross
section. A part of the inner valve needle is received within
the spring pin and is movable within said pin upon move-
ment of the outer valve needle away from the outer valve
needle seating by less than the predetermined amount.
[0014] Preferably, the resilient member is carried by
the outer valve needle through frictional engagement be-
tween 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.

[0015] 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 pre-
ferred embodiment, said contact surfaces are of substan-
tially frusto-conical form.

[0016] 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 con-
ical surface for engagement with said first upper conical
surface of the resilient member, wherein said upper sur-
faces 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 engage 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.
[0017] By way of background to the invention, an in-
jection nozzle for an internal combustion engine includes
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
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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 out-
er 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 out-
let and co-operation between the outer valve needle and
the second seat controls fuel flow between a second de-
livery 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.
[0018] Optional or preferred features of the first aspect
of the invention may also be incorporated in the example
above, which however does not belong to the subject-
matter for which protection is sought.

[0019] In another aspect the invention provides an in-
jector for use in a fuel injection system of an internal com-
bustion engine, the injector including an injection nozzle
in accordance with the first aspect of the invention and
an actuator for actuating movement of the outer valve
needle. Preferably, the actuator is of the piezoelectric
type.

[0020] In another aspect, there is provided an injector
forusein afuelinjection system of an internal combustion
engine, wherein the injector includes an injection nozzle
according to the first 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.

[0021] 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.

[0022] 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 incorporat-
ing 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;
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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).

[0023] 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 re-
spective first and second sets of nozzle outlets provided
in an injection nozzle body. The injection nozzle is par-
ticularly suitable for implementation within an injector
having a piezoelectric actuator for controlling movement
of the valve needles.

[0024] Figure 1 shows a piezoelectric injector, referred
to generally as 10, within which the injection nozzle of
the present invention may be incorporated. The injection
nozzle is referred to generally as 12. Only certain ele-
ments of the injection nozzle 12 are visible in Figure 1,
but details can be seen more clearly in the enlarged cross
section shown in Figure 2.

[0025] 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 having
two or more outlets in each set, although equally each
set may be replaced by just a single outlet, one being at
afirstaxial 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 reference to
"outlet" shall therefore be taken to mean one or more
outlets.

[0026] The outer valve needle 14 is biased towards an
outer valve seating 30, of substantially frustoconical form,
by means of afirst 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 pie-
zoelectric actuator 28. The inner valve needle 22 is bi-
ased towards an inner valve seating 34 by means of a
second closing spring 36 and is actuated to move away
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from the inner valve seating 34, against the spring force,
upon movement of the outer valve needle 14 beyond a
predetermined amount, as described in further detail be-
low. The inner valve seating 34 is located downstream
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 sec-
ond closing springs 32, 36 may be helical compression
springs, although other types of resilient biasing compo-
nents may be used as alternatives. The provision of the
springs 32, 36 ensures that the valve needles 14, 22 re-
main seated at times when there is no fuel pressure in
the injector.

[0027] The piezoelectric actuator 28 includes a stack
40 of piezoelectric elements, the stack 40 being arranged
within an injector accumulator volume 42 which is filled
with high pressure fuel so as to apply a hydrostatic load-
ing 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 appro-
priate coupling arrangement, such as a hydraulic ampli-
fier arrangement 37. Thus, by varying the voltage 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.

[0028] 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. Theinlet 39 supplies fuel to the accumulator volume
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 upstream of the
outer valve seating 30. The outer valve needle 14 is pro-
vided 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 com-
municates with the needle bore 24. The radial drillings
47 define a part of a flow path for fuel between the upper
delivery chamber 46 and a second, lower delivery cham-
ber 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 seating 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.

[0029] The outer valve needle 14 includes an upper
endregion 14a (only visible in Figure 1) having a diameter
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
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region 14b which is shaped forengagementwith the outer
valve seating 30.

[0030] 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 seat-
ing lines 50, 52.

[0031] 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 seated
position againstthe 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.

[0032] ReferringagaintoFigure 2,theinnervalve nee-
dle 22 is shaped to include three distinct regions: a lower
region 22a, a stepped region 22b and an upper enlarged
endregion 22c. Thelowerregion of theinner 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 control injection
through the second outlets 26. It is a particular feature
of the seating region 22a that it is of part-spheroid form,
tapering or blending into a region of conical form which
terminates at a cone tip.

[0033] 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 be-
tween 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.

[0034] The spring pin 60 has lower and upper end sur-
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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.

[0035] 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 actuator
28 is energised and the stack 40 has arelatively extended
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.
[0036] 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 rela-
tively 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 needle
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
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.

[0037] 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
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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 lower
seat 58, indirectly from the upper delivery chamber 46
via the lower delivery chamber 49.

[0038] 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 inner
valve seating 34 as the upper end of the spring pin 60
remains spaced from the enlarged end region 22¢ of the
inner valve needle 22 and so that the needles 22, 14
remain de-coupled. With the inner valve needle 22 seat-
ed against the inner valve seating 34, fuel is unable to
flow from the lower delivery chamber 49, past the inner
valve seating 34 and into the second outlets 26 and so
injection only takes place through the first outlets 20.
[0039] Ifitis 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.

[0040] Referring to Figure 6, during a subsequent, or
an alternative, stage of injector operation, the piezoelec-
tric actuator 28 may be de-energised further, to a second
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 seating 30 by a
further amount which is greater than distance L. The up-
per end surface 60b of the spring pin 60 is therefore
caused to engage with the enlarged end region 22c of
the inner valve needle 22. This coupling between the
outer and inner valve needles 14, 22 results in the lift
force applied to the outer valve needle 14 being trans-
mitted to the inner valve needle 22. The inner valve nee-
dle 22 is thus caused to lift from the inner valve seating
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 distance
L.

[0041] 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 sec-
ond outlets 26 will draw fuel through the supplementary
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 supple-
mentary flow path B and from the flow path surrounding
the outer valve needle 14 (i.e. flow path A, as identified
in Figure 5).

[0042] As the inner valve needle 22 lifts from its seat-
ing, a flow restriction 62 (referred to as the "seat restric-
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tion") opens up between the outer surface of the seating
region 22a and the inner valve seating 34. The spheroidal
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 con-
ical 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 de-
celerated as the flow continues downstream to the sec-
ond outlets 26. This ensures that the highest possible
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 outlets 26,
but without the requirement for excessive lift distances
for the inner valve needle 22.

[0043] 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 being
exactly coaxial therewith. This is because the spherical
section of the seating region 22a will maintain a substan-
tially 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 frustocon-
ical form.

[0044] 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 rea-
sons. Firstly, the inner valve needle 22 is relatively small
and so, having low mass, has a low impact force. Sec-
ondly, the nozzle sac volume 27 is only filled with fuel at
high engine power modes when problems with hydrocar-
bon emissions are reduced, due to higher combustion
temperatures and the high levels of air letinto the engine.
[0045] 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 deliv-
ery 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 providing
more efficient injector operation. It is a further advantage
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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 combustion cham-
ber, when the outer valve needle 14 is seated at the end
of injection. This results from communication 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 injection. In conventional
injectors, in which only a single seatis provided upstream
of the outlets, a much greater volume of fuel downstream
of the seat is exposed to the outlets at this time.

[0046] A possible method by which the inner and outer
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 sur-
face of the pin 60 abuts against the step 122 onthe 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.

[0047] 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 needles
22, 14 may need to be adjusted once they are within the
nozzle body bore 16. This may be achieved by pushing
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, during 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 assembled within
the actual nozzle body 18.

[0048] An alternative embodiment of the injection noz-
Zle is shown in Figure 7. Similar parts to those shown in
Figures 2 to 6 are identified with like reference numerals
and so will not be described in further detail. In Figure 7,
respective contact surfaces 222a of the stepped region
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 sur-
faces 222b of the enlarged end region 22c of the inner
valve needle 22 and the upper end 60b of the spring pin
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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 en-
ables a more convenient centreless grinding technique
to be used for manufacture.

[0049] Itis a possible disadvantage of the conical con-
tact surfaces 222a, 222b for the spring pin 60 that accu-
rate 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 introduced into the outer
valve needle 14 and the spring 60 engages frictionally
with the surface of the bore 24.

[0050] 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 pre-
vious 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 innervalve
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 outer valve seating
30, with the inner valve seating region 22a in contact with
the inner valve seating 34. The distance, L2, through
which the outer valve needle 14 must be moved during
this ‘pushing’ step is then measured. The difference be-
tween the measured distance, L2, and the selected dis-
tance, 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 not, the inner valve nee-
dle 22 must be pushed further into the axial bore 24, and
the previous steps repeated, until a measured distance
of zero if achieved.

[0051] As mentioned previously, if there are concerns
about damaging the surface of the seating 34 as the inner
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.

[0052] 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 actuator. It
will also be appreciated that, if a piezoelectric actuator
is used, the actuator may be mechanically coupled to the
outer valve needle or alternatively may be coupled to the
outer valve needle through hydraulic means. Additional-
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ly, although the foregoing description assumes that the
piezoelectric injector is of the de-energise-to-inject type,
where a de-energisation of the actuator stack results in
needle lift to commence injection, the actuator and cou-
pling to the outer valve needle may be configured in an
energise-to-inject manner.

[0053] 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 nee-
dles 14, 22. The feature of the embodiments in Figures
1to 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 (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 between
afirstdelivery chamber (46) and the first nozzle outlet
(20) and co-operation between the outer valve nee-
dle (14) and the second seat (58) controlling fuel flow
between a second delivery chamber (49) and the
first nozzle outlet (20), the second delivery chamber
(49) communicating with the first delivery chamber
(46) by way of a supplementary flow path (24, 47)
defined, at least partially, within the outer valve nee-
dle (14),

and wherein the inner valve needle (22) includes a
seating region (22a) which is engageable with the
inner valve seating (34), and which defines, together
with the inner valve seating (34), a seat restriction
(62) through which fuel flows between 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),
characterised in that the seating region (22a) in-
cludes a region of part-spheroid form.

2. The injection nozzle (12) as claimed in claim 1,

10

15

20

25

30

35

40

45

50

55

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).

The injection nozzle (12) as claimed in claim 1 or
claim 2, 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).

The injection nozzle (12) as claimed in claim 3,
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 pas-
sage (47) effects communication between the first
delivery chamber (46) and the axial bore (24).

The injection nozzle (12) as claimed in any one of
claims 1 to 4, 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 needle (14)
is moved away from the outer valve seating (30) be-
yond a predetermined amount (L), thereby to permit
fuelinjection through both the firstand second nozzle
outlets (20, 26).

The injection nozzle (12) as claimed in claim 5,
wherein the coupling means includes a resilient
member (60) carried by the outer valve needle (14),
the resilient member (60) being brought into engage-
mentwith the inner valve needle (22) following move-
ment of the outer valve needle (14) beyond the pre-
determined amount (L) so as to cause the inner valve
needle (22) to move together with the outer valve
needle (14).

The injection nozzle (12) as claimed in claim 6,
wherein the resilient member (60) is carried by the
outer valve needle (14) through frictional engage-
ment.

The injection nozzle (12) as claimed in claim 6 or
claim 7, wherein the resilient member (60) takes the
form of a spring pin having lateral resilience, wherein
an outer surface of the spring pin (60) is in frictional
engagement with the outer valve needle (14) to cou-
ple the spring pin (60) and the outer valve needle
(14) together.

The injection nozzle (12) as claimed in any one of
claims 6 to 8, 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
(60b, 122b) are substantially flat.
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The injection nozzle (12) as claimed in any one of
claims 6 to 8, wherein the resilient member (60) in-
cludes a first contact surface (222b) for engagement
with a second contact surface (60b) of the inner valve
needle (22), wherein said contact surfaces (60b,
222b) are of substantially frusto-conical form.

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 10 and an actuator (28) for
actuating movement of the outer valve needle (14).

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

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
one of claims 1 to 4, 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).

The injector as claimed in claim 13, wherein at least
one of the actuators is a piezoelectric actuator.

Patentanspriiche

1.

Einspritzdise (12) fir einen Verbrennungsmotor,
wobei die Einspritzdiise umfasst:

eine aulere Ventilnadel (14), die an einem au-
Reren Ventilsitz (30) zur Anlage gelangen kann,
um die Einspritzung durch einen ersten Diisen-
auslass (20) zu steuern,

eine innere Ventilnadel (22), die innerhalb der
auleren Ventilnadel (14) bewegbar ist und an
einem inneren Ventilsitz (34) zur Anlage gelan-
genkann, umdie Einspritzung durch einen zwei-
ten Dusenauslass (26) zu steuern,

worinder aulere Ventilsitz (30) einen ersten und
einen zweiten Sitz (56, 58) flr die aulere Ven-
tilnadel (14) bildet, wobei ein Zusammenwirken
zwischen der aueren Ventilnadel (14) und dem
ersten Sitz (56) den Kraftstoffstrom zwischen ei-
ner ersten Abgabekammer (46) und dem ersten
Dusenauslass (20) steuert und das Zusammen-
wirken zwischen der dufieren Ventilnadel (14)
und dem zweiten Sitz (58) den Kraftstoffstrom
zwischen einer zweiten Abgabekammer (49)
und dem ersten Duselauslass (20) steuert, wo-
bei die zweite Abgabekammer (49) mit der er-
sten Abgabekammer (46) Uber einen ergénzen-
den Durchflussweg (24, 47) in Verbindung steht,
der zumindest teilweise innerhalb der dulReren
Ventilnadel (14) ausgebildet ist,
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und worin die innere Ventilnadel (22) einen Sitz-
bereich (22 a) umfasst, deran deminneren Ven-
tilsitz (34) zur Anlage gelangen kann und der
zusammen mit dem inneren Ventilsitz (34) eine
Sitzverengung bzw. einen Engsitz (62) bildet,
durch den Kraftstoff zwischen der zweiten Ab-
gabekammer (49) und dem zweiten Diisenaus-
lass (26) unter solchen Umsténden flief3t, bei
denen die innere Ventilnadel (22) weg von dem
inneren Ventilsitz (34) abgehoben ist, dadurch
gekennzeichnet, dass der Sitzbereich (22a)
einen teilkugelférmigen Bereich aufweist.

Einspritzdiise (12) wie in Anspruch 1 beansprucht,
worin der Sitzbereich (22a) stromabwarts des teilku-
gelférmigen Bereichs einen Bereich mit konischer
Gestalt aufweist, um eine Verzégerungswirkung auf
die Geschwindigkeit des Kraftstoffstroms stromab-
warts der Sitzverengung (62) zu erzielen.

Einspritzdiise (12) wie in Anspruch 1 oder Anspruch
2 beansprucht, worin die duRere Ventilnadel (14) mit
einer axialen Bohrung (24) ausgestattet ist, in wel-
cher die innere Ventilnadel (22) aufgenommen ist,
und worin der ergdnzende Durchflussweg (24, 47)
teilweise durch einen Bereich der axialen Bohrung
(24) gebildet wird.

Einspritzdise (12) wie in Anspruch 3 beansprucht,
worin der ergdnzende Durchflussweg auRerdem
durch mindestens einen radialen Kanal (47) gebildet
wird, derinder dulReren Ventilnadel (14) ausgebildet
ist, worin derradiale Kanal (47) eine Verbindung zwi-
schen der ersten Abgabekammer (46) und der axia-
len Bohrung (24) bewirkt.

Einspritzdlse (12) wie in einem der Ansprtiche 1 bis
4 beansprucht, weiterhin umfassend ein Kopplungs-
mittel (22 b, 122; 22 b, 222) fir das Ankoppeln der
Bewegung der aufleren Ventilnadel (14) an die in-
nere Ventilnadel (22) unter solchen Umstanden, in
denen die duliere Ventilnadel (14) iber einen zuvor
festgelegten Betrag (L) hinaus weg von dem auf3e-
ren Ventilsitz (30) bewegt wird, wodurch ermdglicht
wird, dass eine Einspritzung von Kraftstoff durch so-
wohl den ersten als auch den zweiten Disenauslass
(20, 26) erfolgt.

Einspritzdise (12) wie in Anspruch 5 beansprucht,
worin das Kopplungsmittel ein von der dueren Ven-
tilnadel (14) getragenes elastisches oder federndes
Element (60) umfasst, wobei das elastische oder fe-
dernde Element (60) auf die Bewegung der dul3eren
Ventilnadel (14) Uber den zuvor festgelegten Betrag
(L) hinaus in Angriff an die innere Ventilnadel (22)
gebracht wird, um zu bewirken, dass sich die innere
Ventilnadel (22) zusammen mit der aueren Ventil-
nadel (14) bewegt.
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Einspritzdiise (12) wie in Anspruch 6 beansprucht,
worin das elastische oder federnde Element (60)
durch Reibschluss von der duReren Ventilnadel (14)
getragen wird.

Einspritzdiise (12) wie in Anspruch 6 oder Anspruch
7 beansprucht, worin das elastische oder federnde
Element (60) die Gestalt eines Federstifts mit seitli-
chem Ruckstellvermégen annimmt, wobei sich eine
aulere Oberflache des Federstifts (60) in Reib-
schluss mit der auBeren Ventilnadel (14) befindet,
um den Federstift (60) und die duflere Ventilnadel
(14) zusammenzukoppeln.

Einspritzdiise (12) wie in einem der Anspriiche 6 bis
8 beansprucht, worin das elastische oder federnde
Element (60) eine erste Kontaktoberflaiche (60b)
zum Angriff an eine zweite Kontaktoberflache (122b)
der inneren Ventilnadel (22) umfasst, worin die ge-
nannten Kontaktoberflachen (60b, 122b) im Wesent-
lichen flach sind.

Einspritzdiise (12) wie in einem der Anspriiche 6 bis
8 beansprucht, worin das elastische oder federnde
Element (60) eine erste Kontaktoberflache (222b)
zum Angriff an eine zweite Kontaktoberflache (60b)
der inneren Ventilnadel (22) umfasst, worin die ge-
nannten Kontaktoberflachen (60b, 222b) eine im
Wesentlichen kegelstumpfférmige Gestalt besitzen.

Einspritzventil (10) zur Verwendung in einem Kraft-
stoff-Einspritzsystem eines Verbrennungsmotors,
worin das Einspritzventil (10) eine Einspritzdiise (12)
wie in einem der Anspriiche 1 bis 10 beansprucht
und ein Betatigungsorgan (28) zum Antreiben der
Bewegung der dul3eren Ventilnadel (14) umfasst.

Einspritzventil wie in Anspruch 11 beansprucht, wor-
in das Betatigungsorgan ein piezoelektrisches Be-
tatigungsorgan (28) ist.

Einspritzventil (10) zur Verwendung in einem Kraft-
stoff-Einspritzsystem eines Verbrennungsmotors,
worin das Einspritzventil (10) eine Einspritzdiise wie
in einem der Einspriiche 1 bis 4, ein erstes Betati-
gungsorgan zum Antreiben der Bewegung der au-
Reren Ventilnadel (14) und ein zweites Betatigungs-
organ zum Antreiben der Bewegung der inneren
Ventilnadel (22) umfasst.

Einspritzventil wie in Anspruch 13 beansprucht, wor-
in mindestens eines der Betatigungsorgane ein pie-
zoelektrisches Betatigungsorgan ist.

Revendications

1.

Buse d’injection (12) pour un moteur a combustion
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interne, la buse d’injection comprenant :

un pointeau de soupape externe (14) qui peut
étre mis en prise avec un siége de soupape ex-
terne (30) de fagon a réguler I'injection a travers
une premiere sortie de buse (20),

un pointeau de soupape interne (22) qui est
amovible au sein du pointeau de soupape ex-
terne (14) et peut étre mis en prise avec un siege
de soupape interne (34) de fagon a réguler l'in-
jection a travers une seconde sortie de buse
(26),

dans laquelle le siege de soupape externe (30) dé-
finit des premiers et seconds sieges (56, 58) pour le
pointeau de soupape externe (14), une coopération
entre le pointeau de soupape externe (14) et le pre-
mier siege (56) régulant I'’écoulement de carburant
entre une premiére chambre de délivrance (46) et la
premiére sortie de buse (20) et une coopération en-
tre le pointeau de soupape externe (14) et le second
sieége (58) régulant I'écoulement de carburant entre
une seconde chambre de délivrance (49) et la pre-
miére sortie de buse (20), la seconde chambre de
délivrance (49) communiquant avec la premiére
chambre de délivrance (46) a l'aide d'un trajet
d’écoulement supplémentaire (24, 47) défini, au
moins partiellement, au sein du pointeau de soupape
externe (14),

et dans laquelle le pointeau de soupape interne (22)
comprend une région de siége (22a) qui peut étre
mise en prise avec le sieége de soupape interne (34),
et qui définit, conjointement avec le sieége de soupa-
pe interne (34), une restriction de siége (62) atravers
laquelle le carburant s’écoule entre la seconde
chambre de délivrance (49) et la seconde sortie de
buse (26) dans des circonstances dans lesquelles
le pointeau de soupape interne (22) est soulevé en
éloignement du siége de soupape interne (34), ca-
ractérisé en ce que la région de siege (22a) com-
prend une région en partie de forme sphéroide.

Buse d’injection (12) selon la revendication 1, dans
laquelle la région de siége (22a) comprend une ré-
gion de forme conique en aval de la région en partie
sphéroide de fagon a avoir un effet de décélération
sur la vitesse d’écoulement de carburant en aval de
la restriction de siege (62).

Buse d’injection (12) selon la revendication 1 ou la
revendication 2, dans laquelle le pointeau de sou-
pape externe (14) est doté d’'un alésage axial (24)
au sein duquel le pointeau de soupape interne (22)
estregu, et dans laquelle le trajet d’écoulement sup-
plémentaire (24, 47) est défini, en partie, par une
région de l'alésage axial (24).

Buse d’injection (12) selon la revendication 3, dans
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laquelle le trajet d’écoulement supplémentaire est
en outre défini par au moins un passage radial (47)
disposé dans le pointeau de soupape externe (14),
dans laquelle le passage radial (47) effectue une
communication entre la premiére chambre de déli-
vrance (46) et I'alésage axial (24).

Buse d’injection (12) selon I'une quelconque des re-
vendications 1 a4, comprenant en outre des moyens
de couplage (22b, 122 ; 22b, 222) destinés a coupler
le mouvement du pointeau de soupape externe (14)
au pointeau de soupape interne (22) dans des cir-
constances dans lesquelles le pointeau de soupape
externe (14) est déplacé en éloignement du siége
de soupape externe (30) au-dela d’'une quantité pré-
déterminée (L), pour permettre ainsi une injection de
carburant a travers a la fois la premiére et la seconde
sorties de buse (20, 26).

Buse d’injection (12) selon la revendication 5, dans
laquelle les moyens de couplage comprennent un
organe résilient (60) porté par le pointeau de soupa-
pe externe (14), 'organe résilient (60) étant mis en
prise avec le pointeau de soupape interne (22) aprés
le mouvement du pointeau de soupape externe (14)
au-dela de la quantité prédéterminée (L) de fagon a
amener le pointeau de soupape interne (22) a se
déplacer conjointement avec le pointeau de soupa-
pe externe (14).

Buse d’injection (12) selon la revendication 6, dans
laquelle I'organe résilient (60) est porté par le poin-
teau de soupape externe (14) par mise en prise par
frottement.

Buse d’injection (12) selon la revendication 6 ou la
revendication 7, dans laquelle I'organe résilient (60)
prend la forme d’'une goupille creuse ayant une ré-
silience latérale, dans laquelle une surface externe
de la goupille creuse (60) est en prise par frottement
avec le pointeau de soupape externe (14) pour cou-
pler ensemble la goupille creuse (60) et le pointeau
de soupape externe (14).

Buse d’injection (12) selon I'une quelconque des re-
vendications 6 a 8, dans laquelle I'organe résilient
(60) comprend une premiére surface de contact
(60b) pour une mise en prise avec une seconde sur-
face de contact (122b) du pointeau de soupape in-
terne (22), dans laquelle lesdites surfaces de contact
(60b, 122b) sont sensiblement plates.

Buse d’injection (12) selon I'une quelconque des re-
vendications 6 a 8, dans laquelle I'organe résilient
(60) comprend une premiére surface de contact
(222b) pour une mise en prise avec une seconde
surface de contact (60b) du pointeau de soupape
interne (22), dans laquelle lesdites surfaces de con-
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tact (60b, 222b) sont de forme sensiblement tronco-
nique.

Injecteur (10) destiné a une utilisation dans un sys-
téme d’injection de carburant d’'un moteur a combus-
tion interne, dans lequel l'injecteur (10) comprend
une buse d’injection (12) telle que revendiquée dans
'une quelconque des revendications 1 a 10 et un
actionneur (28) destiné a actionner le mouvement
du pointeau de soupape externe (14).

Injecteur selon la revendication 11, dans lequel I'ac-
tionneur est un actionneur piézoélectrique (28).

Injecteur (10) destiné a une utilisation dans un sys-
teme d'injection de carburant d’'un moteur a combus-
tion interne, dans lequel l'injecteur (10) comprend
une buse d’injection telle que revendiquée dans 'une
quelconque des revendications 1 a 4, un premier
actionneur destiné a actionner le mouvement du
pointeau de soupape externe (14) et un second ac-
tionneur destiné a actionner le mouvement du poin-
teau de soupape interne (22).

Injecteur selon la revendication 13, dans lequel au
moins I'un des actionneurs est un actionneur piézoé-
lectrique.
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