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Description

BACKGROUND OF THE INVENTION

[0001] This invention relates to a fuel injection device
capable of detecting a fuel injection time (time point for
injecting a fuel) using a piezoelectric device.

[0002] The fuel injection device includes a body, a
needle valve axially slidably received in the body, and a
nozzle spring for biasing the needle valve toward a valve
seat formed on a lower end portion of the body. A nozzle
port is closed during the time the needle valve sits on
the valve seat and opened to allow a fuel to be injected
therethrough when the needle valve lifts from the valve
seat.

[0003] Among fuel injection devices, there is a device
of the type in which a fuel injection time is detected and
such a detected signal is fed back to a control unit in
order to more precisely control the injection of fuel. This
means for detecting a fuel injection time includes a pie-
zoelectric device, and an electrode plate and an earth
plate which plates are in contact with opposite end faces
of the piezoelectric device, respectively. The piezoelec-
tric device and the plates are disposed in an axial direc-
tion of the body.

[0004] Whenthe needle valve lifts from the valve seat,
the nozzle spring is compressed to increase its force for
pressing the piezoelectric device. Consequently, an out-
put voltage of the piezoelectric device is increased. The
output voltage thus increased is served as a signal for
detecting a fuel injection time.

[0005] As disclosed in Japanese Patent Publication
No. Sho 63-14188, the detection means is received in
an upper end portion (an end portion away from the
valve seat and nozzle port) of a spring receiving hole
formed in a body. A nozzle spring is received in the
spring receiving hole and interposed between the de-
tection means and the needle valve. In the detection
means, an electrode plate, a piezoelectric device, and
an earth plate are arranged in order toward the valve
seat.

[0006] The body has a receiving surface disposed at
an upper end of the spring receiving hole. An insulating
member is interposed between the receiving surface
and the electrode plate. Owing to this arrangement, an
electrically-insulated state is maintained between the
electrode plate and the body. On the other hand, it is
required for the earth plate to maintain its electrically-
connected state with the body. To this end, the earth
plate is provided with a plurality of tongue pieces radially
outwardly projecting from a peripheral edge area there-
of. With the tongue pieces slantwise bent, the earth plate
is press fitted into the spring receiving hole. The tongue
pieces are resiliently contacted with an inner peripheral
surface of the spring receiving hole to thereby achieve
an electrical connection between the earth plate and the
body.

[0007] However, since it is necessary for the above-
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mentioned construction to press fit the earth plate into
the spring receiving hole, a troublesome work is re-
quired for assembling the detection means to the body.
Further, since the pressing force of the nozzle spring
acting on the piezoelectric device is reduced by friction
between the tongue pieces of the earth plate and the
inner peripheral surface of the spring receiving hole, ac-
curacy of detection of a fuel injection time is low.
[0008] In another type of detection means disclosed
in Japanese Laid-Open Utility Model Application No. Hei
4-47163, an electrode plate, a piezoelectric device and
an earth plate are likewise arranged in order toward a
valve seat as in the case with the detection means of
the above-mentioned patent publication. An insulating
member is interposed between the electrode plate and
areceiving surface disposed at an upper end of a spring
receiving hole. A sleeve portion is formed on a periph-
eral edge of the earth plate. This sleeve portion contacts
an inner peripheral surface of the receiving hole to there-
by achieve an electrical connection between the earth
plate and the body. With this construction, an outer di-
ameter of the sleeve portion must be in agreement with
an inner diameter of the receiving hole with a high de-
gree of precision. This inevitably results in increased
manufacturing cost.

SUMMARY OF THE INVENTION

[0009] It is, therefore, an object of the present inven-
tion to provide a fuel injection device which is easy to
manufacture and easy to assemble and which is capa-
ble of detecting a fuel injection time with a high degree
of precision.

[0010] According to the present invention, there is
provided a fuel injection device comprising:

(a) an elongated body (10) having a spring receiving
hole (15) and a valve receiving hole (17) arranged
in order toward a distal end thereof and extending
axially of the body, the body further having a nozzle
port (19) disposed at the distal end portion and a
valve seat (18) communicating with the nozzle port,
the body further having a receiving surface (15a)
disposed at a basal end of the spring receiving hole
(15);

(b) a needle valve (21) axially slidably received in
the valve receiving hole of the body, the nozzle port
being in a closed state when the needle valve sits
on the valve seat, the nozzle port being opened to
allow a fuel to be injected therethrough when the
needle valve is lifted from the valve seat;

(¢) a nozzle spring (22) received in the spring re-
ceiving hole of the body and adapted to bias the
needle valve toward the valve seat; and

(d) detection means (30) received in the basal por-
tion of the spring receiving hole and adapted to de-
tect a fuel injection time by detecting an increased
force of the nozzle spring, the force being increased
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in accordance with lifting of the needle valve, the
detection means having a piezoelectric device (32),
an electrode plate (33) and an earth plate (31), the
electrode plate and the earth plate being in contact
with axially opposite end faces of the piezoelectric
device, respectively;

wherein the electrode plate (33) is disposed be-
tween the piezoelectric device (32) and the nozzle
spring (22), and the earth plate (31) is disposed between
the piezoelectric device (32) and the receiving surface
(15a) of the body (10), the earth plate being brought into
abutment with the receiving surface (15a) of the body
(10), thereby achieving an electrical contact with the
body;

characterised in that said piezoelectric device (32)
and said earth plate (31) have ring-shaped configura-
tions, respectively, and said electrode plate (33) has a
disk-like configuration, a rod portion (33a) being formed
at a center of said electrode plate, said rod portion ex-
tending axially of said body (10) through said piezoelec-
tric device and said earth plate so as to be in contact
with a connector (41) supported by said body, an annu-
lar gap being formed between said rod portion and both
of said earth plate and said piezoelectric device.
[0011] US-A-4 662 564 describes a fuel injection de-
vice having the features set forth in the preamble of
claim 1 herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Fig. 1 is a vertical sectional view of a fuel injection
device according to one embodiment of the present
invention;

Fig. 2 is an enlarged sectional view of an important
portion of the above device; and

Fig. 3 is an enlarged plan view showing a state of
connection between a rod portion of an electrode
plate and a connector in the above device.

DETAILED DESCRIPTION OF THE EMBODIMENT

[0013] The present invention will now be described
with reference to the accompanying drawings.

[0014] As is shown in Fig. 1, a fuel injection device
comprises an elongated body 10 which is to be attached
to a cylinder head of an engine (not shown). The body
10 includes a nozzle holder 11, a spacer 12, and a noz-
zle 13, all arranged in order downwardly along an axis
of the body. The body 10 further includes a nozzle nut
14 for securing the spacer 12 and nozzle 13 to the noz-
zle holder 11.

[0015] The nozzle holder 11 has a spring receiving
hole 15 extending axially of the body 10, a vertical hole
16a communicating with an upper end of the spring re-
ceiving hole 15 and extending axially of the body 10,
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and a horizontal hole 16b extending from an upper end
of the vertical hole 16a in a perpendicular direction to
the axis of the body 10 and opening at an outer periph-
eral surface of the nozzle holder 11. The spring receiving
hole 15 is opened at a lower end face of the nozzle hold-
er 11. The vertical hole 16a is smaller in diameter than
the spring receiving hole 15. A conical receiving surface
15a is formed at a boundary area between the vertical
hole 16a and the spring receiving hole 15 (i.e., at an
upper end of the spring receiving hole 15).

[0016] The nozzle 13 is provided with a valve receiv-
ing hole 17 extending axially of the body 10. A lower end
portion of the valve receiving hole 17 is defined by a
pressure receiving chamber 17a. Avalve seat 18 and a
nozzle port 19 are formed in order downwardly at a lower
end portion of the nozzle 13. The valve receiving hole
17, the valve seat 18 and the nozzle port 19 are ar-
ranged on the axis of the body 10.

[0017] The body 10 has a high pressure passage 20
extending through the nozzle hole 11, the spacer 12 and
the nozzle 13. An upper end of the high pressure pas-
sage 20 is opened at an upper end face of the nozzle
holder 11, and a high pressure fuel is supplied to this
opening. A lower end of the high pressure passage 20
is in communication with the pressure receiving cham-
ber 17a.

[0018] A needle valve 21 is axially slidably received
in the valve receiving hole 17 of the nozzle 13. A com-
pressed nozzle spring 22 is received in the spring re-
ceiving hole 15. The nozzle spring 22 biases the needle
valve 21 toward the valve seat 18.

[0019] Since the above construction is known, oper-
ation thereof will be briefly described. During the time
the needle valve 21 is caused to sit on the valve seat 18
under the effect of the nozzle spring 22, the nozzle port
19is in a closed state. When a high pressure fuel is sup-
plied from a fuel injection pump (not shown) to the high
pressure passage 20, the needle valve 21 receives the
fuel pressure in the pressure receivingchamber 17a and
is lifted from the valve seat 18. As a consequence, the
nozzle port 19 is opened to allow the high pressure fuel
to be injected to a combustion chamber of the engine
therethrough. When the supply of high pressure fuel is
stopped, the needle valve 21 is causedto siton the valve
seat 18 under the effect of the nozzle spring 22 and thus
the fuel injection is finished.

[0020] A detection assembly 30 (detection means) for
detecting a fuel injection time is received in the upper
end portion of the spring receiving hole 15. The detec-
tion assembly 30 is particularly clearly shown in Fig. 2.
The nozzle spring 22 presses the detection assembly
30 upwardly through a shim 35. The detection assembly
30 includes an earth plate 31, a piezoelectric device 32,
and an electrode plate 33, all arranged in order down-
wardly. This sequential order of arrangement is reverse
to that of the previously described conventional device.
[0021] A surface of the piezoelectric device 32 on the
positive electrode side faces downwardly. The electrode



5 EP 0 703 363 B1 8

plate 33 is secured to this surface by electrically-con-
ductive adhesive agent (not shown). A surface of the
piezoelectric device 32 on the negative electrode side
faces upwardly. The earth plate 31 is secured to this sur-
face by electrically-conductive adhesive agent. An ac-
ceptable adhesive agent includes those of silver powder
compounded epoxy resins, for example.

[0022] The earth plate 31 has a through-hole 31x
formed in the center thereof. The earth plate 31 has a
thick circular ring shape. A conical abutment surface
31a having an angle equal to that of the receiving sur-
face 15a of the upper end of the spring receiving hole
15 is formed on an upper surface of the earth plate 31.
The receiving surface 15a and the abutment surface
31a are in surface contact with each other under the ef-
fect of the nozzle spring 22.

[0023] The piezoelectric device 32 also has a
through-hole 32x formed in the center thereof. The pie-
zoelectric device 32 has a circular ring shape. The elec-
trode plate 33 has a disk-like shape. A rod portion 33a
extending upwardly and axially of the body 10 is formed
on the center of the electrode plate 33. The rod portion
33a is inserted into the through-hole 32x of the piezoe-
lectric device 32, the through-hole 31x of the earth plate
31 and the vertical hole 16a of the nozzle holder 11. An
upper end of the rod portion 33a is disposed at a cross-
ing portion between the vertical hole 16a and the hori-
zontal hole 16b. Since an outer peripheral surface of the
rod portion 33a is separated from inner peripheral sur-
faces of the earth plate 31 and piezoelectric device 32
through an annular gap, an electrically-insulated state
is ensured between the electrode plate 33 and both of
the earth plate 31 and the piezoelectric device 32.
[0024] The detection assembly 30 is formed as a uni-
tary part by enclosing the earth plate 31, the piezoelec-
tric device 32 and the electrode plate 33 with an insu-
lating member 34. The insulating member 34 is consti-
tuted of a glass fiber reinforced PA (polyamide) 66, a
glass fiber reinforced PPS (polyphenylene sulphide), or
the like. The insulating member 34 is favorable in
strength and thermal resistance.

[0025] For molding the detection assembly 30, the
earth plate 31, the piezoelectric device 32 and the elec-
trode plate 33, which were preliminarily fixed by electri-
cally-conductive adhesive agent, are set in a metal mold
and then the insulating resin is injected into the metal
mold.

[0026] The insulating member 34 includes a disk por-
tion 34a covering a lower surface of the electrode plate
33, and a sleeve portion 34b covering outer peripheral
surfaces of the earth plate 31, piezoelectric device 32
and electrode plate 33. The disk portion 34a of the in-
sulating member 34 insulates the electrode plate 33
from the shim 35 and the nozzle spring 22, whereas the
sleeve portion 34b insulates the piezoelectric device 32
and the electrode plate 33 from the inner peripheral sur-
face of the spring receiving hole 15.

[0027] As is shown in Fig. 1, a support 40 is secured

10

15

20

25

30

35

40

45

50

55

to the outer peripheral surface of the nozzle holder 11
where the horizontal hole 16b is opened. The support
40 is provided with a connector 41 received in the hori-
zontal hole 16b. A terminal 42 disposed on a distal end
of the connector 41 is electrically connected to the upper
end portion of the rod portion 33a of the electrode por-
tion 33. As is shown in Fig. 3, the terminal 42 is consti-
tuted of a U-shaped metal plate. The rod portion 33a of
the electrode plate 33 is held by the U-shaped terminal
42 so as to be connected to the terminal 42.

[0028] An interface for a micro computer (not shown)
for controlling a fuel injection pump is connected to the
electrode plate 33 through the connector 41 and also
connected to an earth terminal, not shown, secured to
the nozzle holder 11.

[0029] Inthe detection assembly 30 thus constructed,
when the needle valve 21 is lifted, the pressing force of
the nozzle spring 22 applied to the piezoelectric device
32 is increased because the nozzle spring 22 is com-
pressed. As a consequence, voltage generated in the
piezoelectric device 32 is increased. This voltage signal
is processed by the interface and input into the micro
computer. The microcomputer controls the fuel injection
pump in accordance with a signal indicative of a fuel in-
jection time.

[0030] In the detection assembly 30, since the earth
plate 31 is caused to contact the receiving surface 15a
of the nozzle holder 11 by the nozzle spring 22, the earth
plate 31 can be positively electrically connected to the
nozzle holder 11.

[0031] Sinceitis not required for this embodiment, un-
like the above-mentioned conventional device, to resil-
iently contact the earth plate 31 to the inner peripheral
surface of the spring receiving hole 15, the pressing
force of the nozzle spring 22 acts directly on the piezo-
electric device 32. Consequently, accuracy of detection
of the piezoelectric device 32 can be increased. It should
be noted that since the Young modulus of the insulating
member 34 is considerably smaller than that of the pie-
zoelectric device 32, the force of the nozzle spring 22 is
hardly applied to the sleeve portion 34b of the insulating
member 34 but it is substantially applied to the piezoe-
lectric device 32 alone.

[0032] Since it is no more required, unlike the above-
mentioned conventional device, to insert, under pres-
sure, the earth plate 31 into the spring receiving hole 15
and since the detection assembly 30 is molded of resin
and handled as a unitary component element, the de-
tection assembly 30 can be assembled to the nozzle
holder 11 with ease.

[0033] Further, the receiving surface 15a of the nozzle
holder 11 and the abutment surface 31a of the earth
plate 31 are conical surfaces, and surface contact ther-
ebetween prevents the nozzle holder 11 from moving
radially. As a consequence, the detection assembly 30
can be positively held in a predetermined position. Since
it is no more required for the insulating member 34 to
have the role for prohibiting the detection assembly 30
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from moving radially, it becomes possible to provide a
clearance A (see Fig. 2) between the outer peripheral
surface of the sleeve portion 34b and the inner periph-
eral surface of the spring receiving hole 15. Owing to
this arrangement, the insulating member 34, when ro-
tated by the force of the nozzle spring 22, does not rub
the inner peripheral surface of the spring receiving hole
15 and therefore, wear of the insulating member 34 can
be prevented.

[0034] Evenifthetwo surfaces of the piezoelectric de-
vice 32 and the surfaces of the electrode plate 33 and
earth plate 31 placed opposite respectively to those of
the piezoelectric device 32 are not planar microscopi-
cally, the force of the nozzle spring can be dispersed
over the entire area of the two surfaces of the piezoe-
lectric device 32 because an electrically-conductive ad-
hesive agent is interposed between the opposing sur-
faces as previously mentioned. For this reason, the pi-
ezoelectric device 32 can be prevented from cracking
by great force locally applied thereto.

[0035] It should be noted that an insulating material
such as resin may be filled in the annular gap formed
between the rod portion 33a of the electrode plate 33
and the inner peripheral surfaces of the earth plate 31
and piezoelectric device 32. Owing to this arrangement,
there can be prevented a possible deterioration of insu-
lating ability caused by dusts, etc. entered into the an-
nular gap.

Claims
1. Afuel injection device comprising:

(a) an elongated body (10) having a spring re-
ceiving hole (15) and a valve receiving hole (17)
arranged in order toward a distal end thereof
and extending axially of said body, said body
further having a nozzle port (19) disposed at the
distal end portion and a valve seat (18) com-
municating with said nozzle port, said body fur-
ther having a receiving surface (15a) disposed
at a basal end of said spring receiving hole (15);
(b) a needle valve (21) axially slidably received
in said valve receiving hole of said body, said
nozzle port being in a closed state when said
needle valve sits on said valve seat, said nozzle
port being opened to allow a fuel to be injected
therethrough when said needle valve is lifted
from said valve seat;

(c) a nozzle spring (22) received in said spring
receiving hole of said body and adapted to bias
said needle valve toward said valve seat; and
(d) detection means (30) received in the basal
portion of said spring receiving hole and adapt-
ed to detect a fuel injection time by detecting
an increased force of said nozzle spring, the
force being increased in accordance with lifting
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of said needle valve, said detection means hav-
ing a piezoelectric device (32), an electrode
plate (33) and an earth plate (31), said elec-
trode plate and said earth plate being in contact
with axially opposite end faces of said piezoe-
lectric device, respectively;

wherein said electrode plate (33) is disposed
between said piezoelectric device (32) and said
nozzle spring (22), and said earth plate (31) is dis-
posed between said piezoelectric device (32) and
said receiving surface (15a) of said body (10), said
earth plate being brought into abutment with said
receiving surface (15a) of said body (10), thereby
achieving an electrical contact with said body;

characterised in that said piezoelectric device
(82) and said earth plate (31) have ring-shaped con-
figurations, respectively, and said electrode plate
(83) has a disk-like configuration, a rod portion
(83a) being formed at a center of said electrode
plate, said rod portion extending axially of said body
(10) through said piezoelectric device and said
earth plate so as to be in contact with a connector
(41) supported by said body, an annular gap being
formed between said rod portion and both of said
earth plate and said piezoelectric device.

Afuelinjection device according to claim 1, in which
an insulating material is filled in said annular gap.

A fuel injection device according to claim 1 or 2, in
which said receiving surface (15a) of said body (10)
is a conical surface, and said earth plate (31) has a
conical abutment surface (31a) which can be
brought into surface contact with said receiving sur-
face.

A fuel injection device according to any one of
claims 1 to 3, in which said earth plate (31), piezo-
electric device (32) and electrode plate (33) are at-
tached to one another by electrically-conductive ad-
hesive agent.

A fuel injection device according to any one of
claims 1 to 4, in which said earth plate (31), piezo-
electric device (32) and electrode plate (33) are en-
closed by aninsulatingmember (34), said insulating
member covering a surface of said electrode plate
on the side of said nozzle spring (22) and also cov-
ering peripheral surfaces of said electrode plate and
piezoelectric device.

Afuelinjection device according to claim 5, in which
said insulating member (34) is a molded resin,
thereby integrating said earth plate (31), piezoelec-
tric device (32) and electrode plate (33).
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Patentanspriiche

1.

Kraftstoffeinspritzvorrichtung, umfassend:

(a) einen langlichen Kérper (10) mit einem eine
Feder aufnehmenden Loch (15) und einem ein
Ventil aufnehmenden Loch (17), welche hinter-
einander zu einem distalen Ende desselben
angeordnet sind und sich in axialer Richtung
des Kdrpers erstrecken, wobei der Kérper wei-
ters eine Dusendffnung (19), welche an dem di-
stalen Endbereich angeordnet ist, und einen
Ventilsitz (18) aufweist, welcher mit dieser Du-
sendffnung zusammenwirkt, wobei der Kérper
weiters eine Aufnahmeoberflache (15a) auf-
weist, welche an einem Basisende des die Fe-
der aufnehmenden Lochs (15) angeordnet ist;
(b) ein Nadelventil (21), welches axial gleitend
in dem das Ventil aufnehmenden Loch des Kor-
pers aufgenommen ist, wobei sich die Dlsen-
6ffnung in einem geschlossenen Zustand be-
findet, wenn das Nadelventil auf dem Ventilsitz
aufruht bzw. sitzt, wobei die Diusendffnung ge-
6ffnet wird, um ein Einspritzen eines Kraftstof-
fes durch dieses zu erméglichen, wenn das Na-
delventil von seinem Ventilsitz abgehoben wird,
(c) eine Dlsenfeder (22), welche in dem die Fe-
der aufnehmenden Loch des Kérpers aufge-
nommen ist und ausgebildet ist, um das Nadel-
ventil zu dem Ventilsitz zu belasten bzw. vorzu-
spannen; und

(d) Detektionseinrichtungen (30), welche in
dem Basisbereich des die Feder aufnehmen-
den Lochs angeordnet sind und ausgebildet
sind, um eine Kraftstoffeinspritzzeit durch De-
tektion einer angestiegenen Kraft der Diisenfe-
der zu detektieren, wobei die Kraft in Uberein-
stimmung mit einem Anheben des Nadelventils
vergréBert wird, wobei die Detektionseinrich-
tung eine piezoelekirische Vorrichtung (32), ei-
ne Elektrodenplatte (33) und eine Erdungsplat-
te (31) aufweist, wobei sich die Elektrodenplat-
te und die Erdungsplatte jeweils in Kontakt mit
axial gegeniiberliegenden Endflachen der pie-
zoelektrischen Vorrichtung befinden;

worin die Elektrodenplatte (33) zwischen der piezo-
elektrischen Vorrichtung (32) und der Dlsenfeder
(22) angeordnet ist und die Erdungsplatte (31) zwi-
schen der piezoelekirischen Vorrichtung (32) und
der Aufnahmeoberflache (15a) des Kérpers ange-
ordnet ist, wobei die Erdungsplatte in Anschlag an
die Aufnahmeoberfache (15a) des Kérpers (10) ge-
bracht wird, wodurch ein elektrischer Kontakt mit
dem Kérper erzielt wird; dadurch gekennzeichnet,
daB die piezoelekirische Vorrichtung (32) und die
Erdungsplatte (31) jeweils ringférmige Konfigura-
tionen aufweisen und daf die Elekirodenplatte (33)
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eine scheibenférmige Konfiguration aufweist, wo-
bei ein Stab- bzw. Stiftbereich (33a) in einem Zen-
trum der Elekirodenplatte ausgebildet ist, wobei
sich der Stiftbereich in axialer Richtung des Kérpers
(10) durch die piezoelekirische Vorrichtung und die
Erdungsplatte erstreckt, um in Kontakt mit einem
von dem Koérper abgestiutzten Verbindungsstiick
(41) zu sein, wobei ein ringférmiger Spalt zwischen
dem Stiftbereich und sowohl der Erdungsplatte als
auch der piezoelekirischen Vorrichtung ausgebildet
ist.

Kraftstoffeinspritzvorrichtung nach Anspruch 1, in
welcher ein isolierendes Material in den ringférmi-
gen Spalt eingefllt ist.

Kraftstoffeinspritzvorrichtung nach Anspruch 1 oder
2, in welcher die Aufnahmeoberflache (15a) des
Kérpers (10) eine konische Oberflache ist und in
welcher die Erdungsplatte (31) eine konische An-
schlag- bzw. Widerlageroberflache (31a) aufweist,
welche in einen Oberflachenkontakt mit der Auf-
nahmeoberflache bringbar ist.

Kraftstoffeinspritzvorrichtung nach einem der An-
spriche 1 bis 3, in welcher die Erdungsplatte (31),
die piezoelektrische Vorrichtung (32) und die Elek-
trodenplatte (33) aneinander durch ein elekirisch
leitfdhiges Klebemittel festgelegt sind.

Kraftstoffeinspritzvorrichtung nach einem der An-
sprlche 1 bis 4, in welcher die Erdungsplatte (31),
die piezoelektrische Vorrichtung (32) und die Elek-
trodenplatte (33) durch ein isolierendes Element
(84) umschlossen sind, wobei das isolierende Ele-
ment eine Oberflache der Elektrodenplatte an der
Seite der Dusenfeder (22) bedeckt und auch Um-
fangsoberflachen der Elektrodenplatte und der pie-
zoelektrischen Vorrichtung Gberdeckt.

Kraftstoffeinspritzvorrichtung nach Anspruch 5, in
welcher das isolierende Element (34) ein geformtes
bzw. gegossenes Harz ist, wodurch die Erdungs-
platte (31), die piezoelektrische Vorrichtung (32)
und die Elekirodenplatte (33) integriert werden.

Revendications

Dispositif d'injection de combustible comprenant :

(a) un corps allongé (10) ayant un trou de ré-
ception de ressort (15) et un trou de réception
de soupape (17) placés dans l'ordre vers son
extrémité distale et s'étendant axialement audit
corps, ledit corps ayant en outre un orifice d'in-
jecteur (19) placé a la partie d'extrémité distale
et un siége de soupape (18) communiquant
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avec ledit orifice d'injecteur, ledit corps ayant
en outre une surface de réception (15a) placée
a une extrémité de base dudit trou de réception
de ressort (15);

(b) une soupape a pointeau (21) logée axiale-
ment de maniére coulissante dans ledit trou de
réception de soupape dudit corps, ledit orifice
d'injecteur étant dans un état fermé lorsque la-
dite soupape a pointeau est placée sur ledit sié-
ge de soupape, ledit orifice d'injecteur étant
ouvert pour permettre au combustible d'étre in-
jecté au travers lorsque ladite soupape & poin-
teau est soulevée dudit siege de soupape;

(¢) un ressort d'injecteur (22) logé dans ledit
trou de réception de ressort dudit corps et
adapté pour orienter ladite soupape a pointeau
vers ledit siége de soupape; et

(d) un moyen de détection (30) logé dans la par-
tie de base dudit trou de réception de ressort
et adapté pour détecter un temps d'injection de
combustible en détectant une force accrue du-
dit ressort d'injecteur, la force s'accroissant en
fonction du soulévement de ladite soupape a
pointeau, ledit moyen de détection ayant un
dispositif piézo-électrique (32), une plaque a
électrode (33) et une plaque de masse (31), la-
dite plaque a électrode et ladite plaque de mas-
se étant respectivement en contact avec des
faces d'extrémité axialement opposées dudit
dispositif piézo-électrique;

dans lequel ladite plaque & électrode (33) est pla-
cée entre ledit dispositif piézo-électrique (32) et le-
dit ressort d'injecteur (22), et ladite plaque de mas-
se (31) est placée entre ledit dispositif piézo-élec-
trique (32) et ladite surface de réception (15a) dudit
corps (10), ladite plaque de masse étant mise en
butée contre ladite surface de réception (15a) dudit
corps (10), réalisant ainsi un contact électrique
avec ledit corps;

caractérisé en ce que ledit dispositif piézo-électri-
que (32) et ladite plaque de masse (31) ont respec-
tivement des configurations en forme d'anneau, et
ladite plaque & électrode (33) a une configuration
en forme de disque, une partie de tige (33a) étant
formée au centre de ladite plaque & électrode, ladite
partie de tige s'étendant axialement dudit corps (10)
a travers ledit dispositif piézo-électrique et ladite
plaque de masse afin d'étre en contact avec un con-
necteur (41) supporté par ledit corps, un intervalle
annulaire étant formé entre ladite partie de tige et
a la fois ladite plaque de masse et ledit dispositif
piézo-électrique.

Dispositif d'injection de combustible selon la reven-
dication 1, dans lequel un matériau isolant est in-
troduit dans ledit intervalle annulaire.
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3.

Dispositif d'injection de combustible selon la reven-
dication 1 ou 2, dans lequel ladite surface de récep-
tion (15a) dudit corps (10) est une surface conique,
et ladite plaque de masse (31) a une surface d'appui
conique (31a) qui peut étre mise en contact de sur-
face avec ladite surface de réception.

Dispositif d'injection de combustible selon l'une
quelconque des revendications 1 a 3, dans lequel
ladite plaque de masse (31), le dispositif piézo-élec-
trique (82) et la plaque a électrode (33) sont atta-
chés entre eux par un agent adhésif électriquement
conducteur.

Dispositif d'injection de combustible selon l'une
quelconque des revendications 1 a 4, dans lequel
ladite plaque de masse (31), le dispositif piézo-élec-
trique (32) et la plaque a électrode (33) sont conte-
nus dans un élément isolant (34), ledit élément iso-
lant couvrant une surface de ladite plaque a élec-
trode du ¢c6té dudit ressort d'injecteur (22) et cou-
vrant également des surfaces périphériques de la-
dite plaque a électrode et du dispositif piézo-élec-
trique.

Dispositif d'injection de combustible selon la reven-
dication 5, dans lequel ledit élément isolant (34) est
en résine moulée, intégrant ainsi ladite plaque de
masse (31), le dispositif piézo-électrique (32) et la
plague a électrode (33).
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