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Description

[0001] This invention relates to a fuel injector for use
in delivering fuel under pressure to a cylinder of an in-
ternal combustion engine.

[0002] In afuel injector of the type intended for use in
a common rail type fuel system, a number of restricted
flow passages must be provided to permit fuel to flow to
the bore within which the valve needle is slidable, and
to a control valve which controls the fuel pressure within
a control chamber to control operation of the injector. It
is known to provide such restricted flow passages by
forming appropriate bores or drillings in the nozzle body,
distance piece or valve housing of the injector. However,
the provisions of such drillings or bores requires a high
level of precision. As a result, during manufacture the
appropriate drillings and bores must be machined into
each component to form the necessary passages, and
the passages must be honed to the correct dimensions.
Each component is then tested and, if necessary, re-
honed. It will be appreciated that such a manufacturing
process is time consuming and expensive.

[0003] UK patent 2,112,065 (Daimler-Benz AG) de-
scribes an internal combustion engine fuel injection
valve filter arrangement. The arrangement comprises
valve elements which are clamped against one another
by a nozzle lock nut and which have inlet bores leading
to the injection needle. A disc-shaped fuel filter is locat-
ed between two valve elements whose faces bearing
against the fuel filter have annular grooves which are
connected to the inlet bores. The fuel filter is in the form
of a sieve plate whose sieve openings have a diameter
of less than 0.15 mm.

[0004] It is also desirable to provide a filter in the in-
jector to prevent dirt particles from flowing to and dam-
aging or impairing the operation of the control valve. The
provision of such a filter increases the number of com-
ponents present in the injector thus increasing the cost
of the injector and increasing the complexity of the as-
sembly process.

[0005] According to the presentinvention there is pro-
vided a fuel injector comprising a nozzle body, a nozzle
holder, and an adapter plate located between the nozzle
holder and the nozzle body, at least one of the upper
and lower surfaces of the adapter plate being shaped to
include formations defining recesses so as to form a re-
stricted flow passage between the recesses.

[0006] Where the injector is to be used in a common
rail system, the formations conveniently define an orifice
through which fuel can flow at a controlled rate towards
the bore of the nozzle body, a restricted flow path per-
mitting fuel to flow at a restricted rate to a control cham-
ber, and a flow path connecting the control chamber to
a control valve. The adapter plate conveniently further
includes formations defining a filter arranged to remove
dirt particles from the flow of fuel towards the control
chamber and control valve.

[0007] The use of such an adapter plate is advanta-
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geous in that production of a fuel injector can be
achieved relatively easily at relatively low cost. The for-
mations produced using a micro-machining technique
are precisely located, thus permitting the manufacture
of large quantities of substantially identical components
to a high degree of accuracy without requiring significant
post production processing.

[0008] The invention further relates to a method of
manufacturing an injector including the step of micro-
machining at least one of the upper and lower surfaces
of an adapter plate to produce formations defining re-
cesses therein which, in use, form a restricted flow pas-
sage between said recesses. The step of micro-machin-
ing the adapter plate may use, for example, photolithog-
raphy, x-ray lithography, electroforming or laser micro-
machining techniques. The use of such techniques per-
mits the production of the formations in the adapter plate
in precisely controlled locations at relatively low cost.
[0009] It will be appreciated that the invention is ap-
plicable to other types of common rail fuel injector to that
described hereinbefore, and to other types of fuel injec-
tor.

[0010] The invention will further be described, by way
of example, with reference to the accompanying draw-
ings, in which:

Figure 1 is a sectional view illustrating part of a fuel
injector in accordance with an embodiment of the
invention;

Figures 2 and 3 are sectional views along the lines
2-2 and 3-3 of Figure 1, respectively;

Figure 4 is an enlargement of part of Figure 2;

Figure 5 is a view similar to Figure 2 illustrating an
alternative embodiment; and

Figure 6 is a sectional view along the line 6-6 of Fig-
ure 5.

[0011] The injector illustrated in part in Figure 1 com-
prises a nozzle body 10 having a blind bore 12 formed
therein within which a valve needle 14 is slidable, an
end of the valve needle 14 being engageable with a
seating defined adjacent the blind end of the bore 12 to
control the supply of fuel from the bore 12 past the seat-
ing to one or more outlet openings formed in the nozzle
body 10. The bore 12 is shaped to include an enlarged
diameter annular gallery 16 which communicates
through a supply passage 18 with a source of fuel under
high pressure, for example a common rail charged with
fuel to high pressure by an appropriate fuel pump. As
illustrated in Figure 1, the bore 12 is shaped to include
regions which engage the outer surface of the needle
14 to guide the needle 14 for sliding movement, the nee-
dle 14 being shaped to include flutes 20 permitting fuel
to flow from the gallery 16 to an annular chamber 22
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defined between the wall of the bore 12 and a reduced
diameter part of the needle 14. The needle 14 includes
angled thrust surfaces which are exposed to the fuel
pressure within the bore 12, the application of fuel under
high pressure to the bore 12 applying a force to the nee-
dle 14 acting in a direction urging the needle 14 away
from the seating.

[0012] The upper end of the nozzle body 10 abuts a
distance piece 24 which includes a through bore ar-
ranged to align with the bore 12 of the nozzle body 10,
and a drilling which forms part of the supply passage 18.
The upper end of the needle 14 extends into the through
bore of the distance piece 24.

[0013] An adapter plate 26 abuts the upper surface of
the distance piece 24, the adapter plate 26 closing the
through bore of the distance piece 24, the adapter plate
26, through bore of the distance piece 24 and upper part
of the needle 14 together defining a control chamber 28,
the fuel pressure within which acts against the needle
14 applying a force to the needle 14 urging the needle
14 towards its seating. A helical compression spring 30
is located within the control chamber, the spring 30 ap-
plying an additional force to the needle 14 urging the
needle 14 towards its seating.

[0014] The upper surface of the adapter plate 26
abuts the lower end surface of a valve housing 32 which
includes a drilling forming part of the supply passage 18
and a through bore 34 within which a control valve mem-
ber 36 is slidable. The control valve member 36 includes
a region of reduced diameter which defines, with the
bore 34, an annular chamber 38 which communicates
via drillings 40 with the lower end surface of the valve
housing 32. The valve member 36 further includes a re-
gion of enlarged diameter which is engageable with a
seating defined around an end part of the through bore
34, engagement of the valve member 36 with the seat-
ing controlling communication between the drillings 40
and a chamber 42 which communicates, in use, with a
low pressure drain reservoir through an appropriate drill-
ing (not shown).

[0015] The valve member 36 is biased into engage-
ment with its seating by a spring 44 located within a bore
formed in a nozzle holder 46 which abuts the upper sur-
face of the valve housing 32, the nozzle holder 46 further
housing an electromagnetic actuator. The actuator is ar-
ranged such that, when energized, an armature 48 car-
ried by the valve member 36 is attracted towards the
actuator, against the action of the spring 44, to lift the
valve member 36 away from its seating. When the ac-
tuator is de-energized, the valve member 36 returns into
engagement with its seating under the action of the
spring 44.

[0016] The adapter plate 26 comprises a relatively
thin plate, the upper and lower surfaces of which are
machined using a micro-machining technique such as
photolithography, x-ray lithography, electroforming or la-
ser micro-machining to form a pattern of recesses in the
upper and lower surfaces. The recesses formed in the
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upper surface of the adapter plate 26 extend to a depth
of approximately half of the thickness of the adapter
plate 26, the recesses formed in the lower surface also
extending to a depth of approximately half of the thick-
ness of the adapter plate 26 such that where the recess-
es in the upper surface and those in the lower surface
are aligned with one another, openings are formed in
the adapter plate 26 extending completely through the
adapter plate 26. Alternatively, where passages are re-
quired to extend completely through the adapter plate
26, these may be machined from only one surface of the
plate, if desired.

[0017] Figures 2 and 4 illustrate the pattern of recess-
es formed in the upper surface of the adapter plate 26.
As shown in Figure 2, a recess 50 is formed which pro-
vides communication between the lower end of the bore
34 and an additional through bore 52 which connects
the chamber 42 with the lower surface of the valve hous-
ing 32.

[0018] The upper surface of the adapter plate 26 is
further provided with formations defining a recess 54 ex-
tending from a central part of the adapter plate 26 to a
region which, in use, is located adjacent the end of the
drilling 40 at the lower surface of the valve housing 32.
The recess 54 communicates with a recess 56 through
a channel 58 formed in the upper surface of the adapter
plate 26 of small dimensions, thus forming a restricted
flow passage between the recesses 54, 56. The recess
56 further communicates through a channel 60 of small
dimensions with a recess 62 which is located to extend
above part of the control chamber 28. As illustrated in
Figures 2 and 4, the formations defining the recess 62
include a series of fingers 64 which extend across part
of the width of the recess 62 and act to transmit the load
applied by the spring 30 to the valve housing 32.
[0019] Within the recess 56, the formations formed in
the upper surface of the adapter plate 26 define an an-
nular wall 66 of relatively small diameter which is aligned
with the axis of the part of the supply passage extending
through the valve housing 32. As shown most clearly in
Figure 4, surrounding the wall 66 are a plurality of close-
ly spaced walls 68 which together define a filter restrict-
ing the flow of dirt particles from the supply passage 18
towards the control chamber 28 and control valve.
[0020] Figure 3illustrates the formations formed in the
lower part of the adapter plate 26. As illustrated in Figure
3, a small diameter recess 70 which is aligned with the
recess defined by the wall 66 is formed in the lower part
of the adapter plate 26, the recess defined by the wall
66 and the recess 70 communicating with each other to
define a restricted diameter part of the supply passage
18. The centre part of the adapter plate 26 is further pro-
vided with a recess 72 which communicates with the re-
cess 54 formed in the upper surface of the adapter plate
26 thus providing a flow path between the control cham-
ber 28 and the drillings 40 which communicate with the
control valve. A series of recesses 74 are also formed
inthe lower surface of the adapter plate 26, the recesses
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74 communicating with parts of the recess 62 formed in
the upper surface of the adapter plate 26 to form a series
of flow paths between the recess 62 and the control
chamber 28.

[0021] As illustrated in Figures 2 and 3, the adapter
plate 26 is shaped to include regions which, in use, en-
gage dowels 76 used to align the distance piece 24 with
the valve housing 32, the dowels 76 accurately locating
the adapter plate 26 relative to the remainder of the in-
jector. The overall shape of the adapter plate 26 may be
chosen such that the clamping force applied thereto by
the cap nut, in use, forms a good seal around the various
fuel flow passages and channels, thus reducing leak-
age.

[0022] Although not illustrated in the drawings, the
nozzle body 10, distance piece 24, adapter plate 26 and
valve housing 32 are secured to the nozzle holder 46 by
means of a screw-threaded cap nut which, in use, en-
gages a shoulder defined between a wide diameter re-
gion and a narrower diameter region of the nozzle body
10, and is in screw-threaded engagement with part of
the nozzle holder 46.

[0023] In use, fuel under high pressure from an ap-
propriate source, for example a common rail charged
with fuel to an appropriately high pressure by a suitable
pump is supplied to the supply passage 18. It will be
appreciated that when the control valve actuator is de-
energized, the valve member 36 being biased by the
spring 44 into engagement with its seating, the fuel pres-
sure within the control chamber 28 is substantially equal
to that within the supply line 18. Similarly, the fuel pres-
sure acting upon the angled thrust surfaces of the valve
needle 14 is substantially equal to that within the supply
line 18, and thus is relatively high. The difference in ef-
fective areas exposed to the fuel under pressure, and
the action of the spring 30 ensure that the valve needle
14 engages its seating, thus fuel is not delivered through
the outlet openings of the injector.

[0024] In order to commence injection, the actuator is
energized, lifting the valve member 36 away from its
seating thus permitting fuel to escape from the control
chamber 28 through the recesses 72, 54 and drillings
40 to the chamber 42 which communicates with the low
pressure drain reservoir. Such flow of fuel reduces the
fuel pressure applied to the upper end of the valve nee-
dle 14, thus reducing the downward force acting upon
the needle 14 urging the needle 14 towards its seating.
The reduction in fuel pressure within the control cham-
ber 28 will reach a point beyond which the valve needle
14 is able to lift away from its seating thus permitting
fuel injection. The movement of the valve needle 14 and
the injection of fuel through the outlet openings reduces
the fuel pressure within the chamber 22. The restriction
defined by the recess 70 and the recess defined by the
wall 66 restricts the rate at which fuel is able to flow to
the chamber 22, thus it will be appreciated that during
injection, the fuel pressure within the recess 22 falls to
a level lower than that present in the chamber 22 prior
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to commencement of injection.

[0025] During injection, fuel is able to flow, at a re-
stricted rate, through the channel 58, thus a small quan-
tity of fuel escapes from the supply line 18 to the low
pressure drain reservoir. The dimensions of the channel
58 are chosen to ensure that the quantity of fuel wasted
in this manner is relatively small. A small quantity of fuel
also flows through the channel 60 to the recess 62 and
to the control chamber 28. Provided the movement of
the needle 14 is sufficient to bring the end surface there-
of into engagement with the lower surface of the adapter
plate 26, then fuel flow from the chamber 28 to the low
pressure drain is prevented as the recess 72 is closed
by the upper surface of the needle 14. The flow of fuel
to the control chamber 28 therefore increases the fuel
pressure present in the control chamber 28. However,
as the area of the needle 14 exposed to the fuel pressure
within the control chamber 28 at this time is relatively
small, the additional downward force applied to the nee-
dle 14 is insufficient to cause movement of the needle
14.

[0026] In order to terminate injection, the actuator is
de-energized and the valve member 36 returns into en-
gagement with its seating under the action of the spring
44. Such movement of the valve member 36 terminates
the flow of fuel to the drain reservoir, and the continued
flow of fuel through the channel 58 pressurizes the drill-
ings 40, the recess 54 and the recess 72. The pressure
acting upon the part of the valve needle 14 exposed to
the fuel pressure within the recess 72 therefore increas-
es, increasing the magnitude of the downward force ap-
plied to the needle 14, and a point will be reached be-
yond which the needle 14 is able to move towards and
into engagement with its seating, such movement ter-
minating injection.

[0027] After termination of injection, as fuel can no
longer escape from the chamber 22, the pressure within
the part of the supply passage 18 downstream of the
restriction defined by the recess 70 and the recess de-
fined by the wall 66 increases to substantially that up-
stream of the restriction. The injector is then ready for
commencement of the next injection cycle.

[0028] It will be appreciated that the presence of the
restriction in the supply passage 18 together with the
arrangements permitting different parts of the upper sur-
face of the valve needle 14 to be exposed to different
pressures during injection permits rapid termination of
injection.

[0029] The provision of the adapter plate 26 permits
the provision of the required passages to permit opera-
tion of the injector in a manner which is relatively simple
to manufacture and which is of relatively low cost. As
described hereinbefore, the adapter plate 26 is ma-
chined using an appropriate micro-machining technique
which is of low cost and permits precise location of the
formations required to permit communication between
the various parts of the injector.

[0030] Figures 5 and 6 illustrate a modification to the



7 EP 0 957 262 B1 8

arrangement illustrated in Figures 1 to 4. In the arrange-
ment of Figures 5 and 6, the drillings formed in the valve
housing 32 and distance piece 24 which together form
part of the supply passage 18 are angled and orientated
such that the ends thereof which are presented towards
one another are not aligned. A passage 78 is formed in
the adapter plate 26, the passage 78 communicating
with a recess 80 formed in the upper surface of the
adapter plate 26 to form a flow passage extending com-
pletely through the adapter plate, the flow passage be-
ing shaped to permit communication between the drill-
ings forming the supply passage 18 upstream and
downstream of the adapter plate 26. Such an arrange-
ment permits the shape of the supply passage 18 to be
contoured to achieve a variety of flow characteristics in
the supply of fuel to the chamber 22. Other than as de-
scribed hereinbefore, the embodiment illustrated in Fig-
ures 5 and 6 is substantially identical to that described
with reference to Figures 1 to 4.

[0031] In both of the arrangements described herein-
before, the formations defining the recesses and chan-
nels formed in the upper and lower surfaces of the
adapter plate 26 can be shaped to optimise the flow
characteristics through the respective channels and re-
cesses. For example, the formations defining the recess
54 are shaped to permit fuel to flow through the recess
54 relatively slowly upon opening the control valve, thus
permitting relatively accurate control of the rate of move-
ment of the needle 14, but to permit fuel to flow in the
reverse direction at a relatively high rate, thus permitting
accurate control of the timing of termination of injection.
The shapes of the other formations can be chosen sim-
ilarly.

[0032] The walls 68 which together define the filter are
orientated such that the fuel flow channels defined ther-
ebetween are contoured to provide a venturi type sec-
tion so that the resistance to flow formed by the filter
may be minimised.

Claims

1. Afuelinjector comprising a nozzle body (10), a noz-
zle holder (46), and an adapter plate (26) located
between the nozzle holder (46) and the nozzle body
(10), at least one of the upper and lower surfaces
of the adapter plate (26) being shaped to include
formations defining recesses (50,54,56,62,70,72,
74) so as to form a restricted flow passage (28,60)
between the recesses (54,56,62).

2. A fuel injector as claimed in Claim 1, wherein the
dimensions of the formations are such that, where
a recess formed in the upper surface of the adapter
plate (26) aligns with a recess formed in the lower
surface, the recesses open into one another to de-
fine a passage extending through the adapter plate
(26).

10

15

20

25

30

35

40

45

50

55

3. A fuel injector as claimed in Claim 1 or Claim 2,
wherein the adapter plate formations define an ori-
fice through which fuel can flow at a controlled rate
towards the bore of the nozzle body (10), a restrict-
ed flow path permitting fuel to flow at a restricted
rate to a control chamber, and a flow path connect-
ing the control chamber to a control valve.

4. Afuel injector as claimed in any one of the preced-
ing claims, wherein the adapter plate formations de-
fine a filter (68) arranged to remove dirt particles
from the flow of fuel.

5. An adapter plate suitable for use in a fuel injector of
the type defined in any one of the preceding claims.

6. A method of manufacturing an injector including the
step of micro-machining at least one of the upper
and lower surfaces of an adapter plate (26) to pro-
duce formations defining recesses therein which, in
use, form a restricted flow passage between said
recesses.

7. Amethod as claimed in Claim 6, wherein the dimen-
sions of the formations are such that where arecess
in the upper surface of the adapter plate (26) aligns
with a recess in the lower surface, a passage is de-
fined which extends through the adapter plate (26).

8. A method as claimed in Claim 6 or Claim 7, wherein
the micro-machining technique includes at least
one of photolithography, x-ray lithography, electro-
forming and laser micro-machining techniques.

Patentanspriiche

1. Kraftstoffeinspritzventil, umfassend einen Disen-
kérper (10), einen Disenhalter (46) und eine Ver-
bindungsplatte (26), die sich zwischen den Disen-
halter (46) und dem Duisenkdrper (10) befindet, wo-
bei mindestens eine der oberen und unteren Au-
Renflachen der Verbindungsplatte (26) so gestaltet
ist, dass sie Formgestaltungen umfasst, die Vertie-
fungen (50, 54, 56, 62, 70, 72, 74) bilden, derart,
dass ein verengter Fliefkanal (28, 60) zwischen
den Vertiefungen (54, 56, 62) entsteht.

2. Kraftstoffeinspritzventil nach Anspruch 1, worin die
Abmessungen der Formgestaltungen derart sind,
dass dort, wo eine in der oberen AuRRenflache der
Verbindungsplatte (26) gebildete Vertiefung mit ei-
ner in der unteren AuRenflache ausgebildeten Ver-
tiefung uberlappt, sich die Vertiefungen ineinander
offnen, wobei sie einen Kanal bilden, der sich durch
die Verbindungsplatte (26) erstrecki.

3. Kraftstoffeinspritzventil nach Anspruch 1 oder An-
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spruch 2, worin die Adapterplatten-Formgestaltun-
gen eine Offnung, durch die Kraftstoff in gesteuerter
Menge in Richtung der Bohrung des Dusenkdrpers
(10) flieBen kann, einen verengten Flussweg, der
es ermdglicht, dass Kraftstoff in beschrankter Men-
ge zu einer Steuerungskammer flieRen kann, und
einen Flussweg, der die Steuerungskammer mit ei-
nem Steuerungsventil verbindet, definieren bzw.
begrenzen.

4. Kraftstoffeinspritzventil nach einem der voranste-
henden Anspriche, worin die Verbindungsplatten-
Formgestaltungen ein Filter (68) bilden, das ange-
ordnet ist, um Schmutzpartikel aus dem Kraft-
stofffluss zu entfernen.

5. \Verbindungsplatte, die sich zur Verwendung in ei-
nem Kraftstoffeinspritzventil der Art eignet, wie es
in einem der voranstehenden Ansprliche definiert
ist.

6. Verfahren zum Herstellen eines Einspritzventils,
umfassend den Schritt des Mikrobearbeitens min-
destens einer der oberen und der unteren AuRen-
flachen einer Verbindungsplatte (26) zur Erzeu-
gung von Formgestaltungen, die darin Vertiefungen
definieren, welche im Betrieb einen verengten
Fliefkanal zwischen diesen Vertiefungen bilden.

7. Verfahren nach Anspruch 6, worin die Abmessun-
gen der Formgestaltungen derart sind, dass dort,
wo eine Vertiefung in der oberen AufRenflache der
Verbindungsplatte (26) mit einer Vertiefung in der
unteren Aulenflache Uberlappt, ein Kanal gebildet
wird, der sich durch die Verbindungsplatte (26) er-
streckt.

8. Verfahren nach Anspruch 6 oder Anspruch 7, worin
die Mikrobearbeitungs-Technik mindestens eine
der Techniken Fotolithografie, Rontgenlithografie,
Galvanoformen und Laser-Mikrobearbeitung um-
fasst.

Revendications

1. Injecteur de carburant comprenant un corps d'injec-
teur (10), un porte-buse (46), et une plaque d'adap-
tation (26) située entre le porte-buse (46) et le corps
d'injecteur (10), au moins une des surfaces supé-
rieure et inférieure de la plaque d'adaptation (26)
étant formée pour comprendre des formations dé-
finissant des évidements (50, 54, 56, 62, 70, 72, 74)
de maniere a former un passage restreint (28, 60)
entre les évidements (54, 56, 62).

2. Injecteur de carburant selon la revendication 1,
dans lequel les dimensions des formations sont tel-
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les que la ou un évidement formé dans la surface
supérieure de la plaque d'adaptation (26) est aligné
sur un évidement formé dans la surface inférieure,
les évidements s'ouvrent I'un dans l'autre pour dé-
finir un passage s'étendant a travers la plaque
d'adaptation (26).

Injecteur de carburant selon la revendication 1 ou
2, dans lequel les formations de la plaque d'adap-
tation définissent un orifice a travers lequel le car-
burant peut s'écouler a une vitesse contrélée en di-
rection de l'alésage du corps d'injecteur (10), une
voie de passage restreinte permettant au carburant
de s'écouler a une vitesse restreinte vers une cham-
bre de commande, et une voie de passage reliant
la chambre de commande a une soupape de com-
mande.

Injecteur de carburant selon l'une quelconque des
revendications précédentes, dans lequel les forma-
tions de la plaque d'adaptation définissent un filtre
(68) agencé pour retirer des particules de souillure
de I'écoulement de carburant.

Plaque d'adaptation adaptée pour étre utilisée dans
un injecteur de carburant du type défini dans I'une
quelconque des revendications précédentes.

Procédé de fabrication d'un injecteur comprenant
I'étape de micro-usinage d'au moins une des surfa-
ces supérieure et inférieure d'une plaque d'adapta-
tion (26) pour y produire des formations définissant
des évidements qui, en fonctionnement, forment un
passage entre lesdits évidements.

Procédé selon la revendication 6, dans lequel les
dimensions des formations sont telles que la ou un
évidement dans la surface supérieure de la plaque
d'adaptation (26) s'aligne sur un évidement dans la
surface inférieure, un passage est défini qui s'étend
a travers la plaque d'adaptation (26).

Procédé selon la revendication 6 ou 7, dans lequel
la technique de micro-usinage comprend au moins
une des techniques de photolithographie, de litho-
graphie aux rayons X, d'usinage par électroérosion
et de micro-usinage.
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