A METHOD AND AN ASSEMBLY FOR ELECTROLYTICALLY DEPOSITING A COATING The
invention relates to a method of depositing a composite coating comprising a metallic matrix
containing 5 particles, for the purpose of repairing a metal blade, particularly but not exclusively a
blade of a gas turbine nozzle. The invention relates i particular to a method of depositing a
coating of the M1CrA1M2 type, where M1 is 10 selected from Ni, Co, or Fe, or a mixture thereof, and
M2 is selected frgm. Y, Si, Ti, Hf. Ta, Nb, Mn, Pt, and rare earths. The continuing improvement in the
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The continuing improvement in the efficiency of
modern-gas turbines makes it necessary to use inlet
15 temperatures to the turbine that are ever higher. This
trend has led to ever more refractory materials being
developed to make the parts of the high pressure turbine
such as moving blades and nozzles.
For this purpose, monocrystalline superalloys have
20 been developed with very high volume fractions of the
gamma prime phase that presents hardening properties.
Nevertheless, the development of superalloys no
longer suffices for keeping up with the increasing
requirements in terms of lifetime for parts that
25 withstand high temperatures. That is why, more recently,
thermally insulating coatings have come into service for
lowering the temperature of the metal of parts that are
cooled by internal convection. These thermally-
insulating coatings or "thermal barriers" are made of a
30 layer of ceramic based on zirconia stabilized by yttrium
oxide and deposited on a metallic bonding layer to
provide adhesion for the ceramic coating while protecting
the metal of the part from being oxidized.
The bonding layer, referred to as an undercoat, may
35 be of various types. Mention can be made of layers of
the MCrAlY type (where M stands for nickel or cobalt).
Mention can be made in particular of layers of the



compounds which are defined as having 50% atomic of nickel and aluminum. Such aluminides may be
modified by a precious metal such as platinum. Aluminide coatings 5 are made up of an outer layer
formed together with a layer that diffuses into the substrate. All those undercoat systems have as their
common denominator the property of being alumina-forgning, i.e. by oxidizing they form a protective
alumina film that adheres well and that 10 isolates the metal of the part from the oxidizing
environment. In spite of all the protections added to parts, such as undercoats and thermal barriers,
they neverthelessloxidizé @ad thayiun thepdskheferackiag. lhrordemetts dnabletsuchtparts,to
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nozzle. Strictly-speakingn spite of all the protections added to parts, such

as undercoats and thermal barriers, they nevertheless
oxidize and they run the risk of cracking. In order to

15 enable such parts to continue to be used, it is therefore
‘necessary to repair the various defects they might
present after a certain length of service.

In order to repair a part such as a nozzle coated
with a thermal barrier, it is known to be necessary to

20 remove the ceramic coating and then the metallic
undercoat. It is then necessary to deoxidize the part by
thermal and chemical treatment under a halogen
atmosphere. The part can then be repaired by a welding
and/or brazing technique. Once the part has been built

25 up, the metallic undercoat is restored and then the
ceramic layer.

The thermal barrier is conventionally removed by
sand blasting. Sand blasting is an operation that is
aggressive both to the ceramic layer and to the metallic

30 undercoat. The undercoat is subsequently removed by
being dissolved chemically in a bath of acid. That
operation is difficult since it leads to the diffused
layer of the aluminide coating being dissolved and thus
it leads in practice to reducing the wall thicknesses of

35 the part. Such a reduction in the wall thickness of the
parts leads to an increase in flow section, in particular

for nozzles.



5 the flow section of a sector is the area, measured perpendicularly to the flow direction, of the
passage along which the stream passes through the nozzle sector, between two adjacent blades. By
extension, the flow section is used to designate more simply the width of the 10 passage for the
stream through the nozzle sector. This flow section is cohventionally measured at that location
between the leading edge and the trailing edge at which the value of the flow section is the smallest,
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It is known that when the flow section is increased,
that tends to diminish the performance of an engine by
diminishing the exhaust gas temperature (EGT) margin.
It is therefore necessary to be in a position to add
20 material at the location where the part determines the
performance of the engine, while conserving good
mechanical properties and the ability to withstand
oxidation and corrosion.
The traditional technology comprises building up the
25 part by brazing on a frit based on superalloy and a
brazing material. That technology is not particularly
suitable since it presents various drawbacks.
By definition, frits and brazing powders are made of
meltable elements that form compounds having a melting
30 point close to the operating temperature of the parts.
It is therefore not recommended to use materials of this
kind over large areas that are exposed to extreme
temperatures. As a result, the mechanical
characteristics of brazed zones are well below those of
35 bare substrates.
Furthermore, making a deposit by brazing always
leads to an edge that forms a step, 1.e. an extra



10over said thickness. An important aspect of the present invention is to provide a method
enabling the drawbacks of the prior art to be overcome, in particular by making it possible to address
the problem of restoring flow section while also 15 complying with criteria imposed by the environment
of the parts. Thus, in particular, in order to build up Jlow section measurement zones, it is
necessary to use a material that does not degrade mechanical 20 characteristics. Furthermore, the
buildup needs to be performed in such a manner as to avoid disturbing streamlines. To this end,
according to thetjrésémts ngetiomatemsetiochisla msthad bhelebtralytically depositingTa s
composite coating gomprisingra petallic ratrix gantaining partiales. fardhe purpese gfrepaiing a
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and that therefore degrade the integrity of the substrate
i0 over said thickness.

An important aspect of the present invention is to
provide a method enabling the drawbacks of the prior art
to be overcome, in particular by making it possible to
address the problem of restoring flow section while also

15 complying with criteria imposed by the environment of the
parts.

Thus, in particular, in order to build up flow
section measurement zones, it is necessary to use a
material that does not degrade mechanical

20 characteristics. Furthermore, the buildup needs to be
performed in such a manner as to avoid disturbing
streamlines.

To this end, according to the present invention, the
method is a method of electrolytically depositing a

25 composite coating comprising a metallic matrix containing
particles, for the purpose of repairing a metal blade,
the method implementing the following steps:

providing at least one blade forming the cathode
and presenting a surface to be coated that defines a
30 critical zone;
providing an anode made of a metal and connecting
the anode toc a current source;
providing a solution forming an electrolyte bath
and containing insoluble particles;
35 - providing a support made of a material that does

not conduct electricity, that presents a reference wall,



facing the critical zone, and said support is fitted, for 10 each blade, with means for controlling lines of
current so as to obtain, on the surface to be coated of said blade, a coating presenting varying
thickness that is predetermined and relatively constant for the critical zone and that decreases
progressively down to a value of 15substantially zero atong the edges of said coating. These means
for controlling lines of current contains preferably one or more shield portions on the surface of said
support which faces the surface to be coated of the blade. 20In this way, it can be understood that by
using an electroptadinghtethrigus tidtad sienfe 1o impleinaitdit Baicksible de obtaidirectly the
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strict dimensional congtrarflncflsl?qutﬁg flow seg%io‘—ﬁ. Thig"sofdtion aslgg%resenjts theadditional advantage
of making it poseipikfrdh@esatiPiybe deposited 30solely on the zone or each zone of the surface
to be coateyl that needs tgphacpatedhe Fugpermoren theamethkad afttherpresent invention makes it

possible to process a plualitlparts S Bacously aILshoyld alep bs Bipntgaed figtdne
electroplating technique disturbs the substrate to a smaller extent 6
so as to form a coating on the surface to be coated.

In characteristic manner, said anode is placed
facing the critical zone, and said support is fitted, for

10 each blade, with means for controlling lines of current
so as to obtain, on the surface to be coated of said
blade, a coating presenting varying thickness that is
predetermined and relatively constant for the critical
zone and that decreases progressively down to a value of

15 substantially zero along the edges of said coating.

These means for controlling lines of current
contains preferably one or more shield portions on the
surface of said support which faces the surface to be

- coated of the blade.

20 In this way, it can be understood that by using an
electroplating technique that is simple to implement, it
is possible to obtain directly the thickness that is
desired for the coating, which thickness varies as a
function of location on the part, and this can be done

25 without forming a step along the edge of the coating and
while complying with strict dimensional constraints for
the flow section.

This solution also presents the additional advantage
of making it possible for the coating to be deposited

30 solely on the zone or each zone of the surface to be
coated that needs to be coated.

Furthermore, the method of the present invention
makes it possible to process a plurality of parts
simultanecusly.

35 It should also be mentioned that the electroplating

technique disturbs the substrate to a smaller extent



since, unlike a buildup method using brazing, diffusion takes place only over a few micrometers.
Overall, the solution of the present invention makes it possible to make a deposit having the desired 5
characteristics in terms of withstanding oxidation and corrosion, and of having thickness and a shape
that avoid any disturbance to the streamlines without agy need for subsequent retouching (machining).
In a preferred arrangement, said surface to be 10 coated extends in a longitudinal direction between
the root and the tip of the blade. A non-conducting support is constructed to hold an anode facing said
surface to be coafed:dheshapesofahbanbdeandishselectedrig controlithe floti dffcugient to the

critical zone and- Ly gtegte ygeepgﬁligo%q;&théckﬁgﬁslag%%@g%)omt and a smooth transition from
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blade(s) are blades of a 35turbomachine nozzle. he invention also provides a method of restoring
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is constructed to hold an anode facing said surface to be
coated. The shape of the anode can be selected to
control the flow of current to the critical zone and

15 create the peak coating thickness at the throttle point
and a smooth transition from coated to non-coated areas.
The shape of the anode may be selected from a number of
different designs including but not limited to rod, bar,
sheet or a shape following the form of the aerofoil.

20 The non-conducting support for the anode defines the
position of the anode relative to the surface to be
coated and may be designed toc control the lines of
current flowing from the anode to the surface to be
coated. To that end, sald means for controlling lines of

25 current comprise a longitudinal portion of the support
suitable for facing said surface to be coated of said
blade, said portion defining a location for the anode
extending in the longitudinal direction and facing the
critical zone, the profile and the position of the

30 longitudinal portion of the support and the shape and
position of the anode relative to the surface to be
coated being selected so as to limit and crient the lines
of current.

Preferably, the blade(s) are blades c¢f a

35 turbomachine nozzle.

The invention also provides a method of restoring

blades comprising the steps of:



(iii) coating said surface to be coated of the blade with 5 M1CrA1M2 type material, according to the
method of electrolytically depositing a coating of the invention described before, to build up the blade;
and (iv) implementing a diffusion heat treatment The invention also provides an assembly for
10electrolytically depositing a coating on a blade, the asgembly being specifically adapted for
implementing the method of the invention. For this purpose, there is provided an assembly for

electrolytically deppﬂtin e%l%%%tin on a blade, the 15 assembly comprising: at least one blade
forming the cathode and presenting & auttacdtoBPLdAtes tHaidR el bedtichPzdivcrand a
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surface to be coat gv f said blade, a coating presenting varyirg tissth8t is predetermined for the
critical zone and that decreRs&ES Brogtesidelfiid Austviluéersutisiaatalsrdero along the edges of

said coating. 8 The invention also provides an assenmbly for
10 electrolytically depositing a coating on a blade, the
assembly being specifically adapted for implementing the
method of the invention.
For this purpose, there is provided an assembly for
electrolytically depositing a coating on a blade, the
15 assembly comprising:
at least one blade forming the cathode and
presenting a surface to be coated that defines a critical
zone; and
@ support made of a material that does not conduct
20 electricity, presenting a reference wall, and suitable
for receiving said blade in a working position relative
to the reference wall, said support further comprising,
for each blade, a longitudinal portion suitable for
facing said surface to be coated of said blade, said
25 portion defining a location for the anode extending in a
longitudinal direction and facing the critical zone, an
anode being housed in said location, the profiles and the
positions of the longitudinal portion of the support and
the shape and position of the anode relative to the
30 surface to be coated being selected to limit and orient
the lines of current in such a manner as to obtain, on
the surface to be coated of said blade, a coating
presenting varying thickness that is predetermined for
the critical zone and that decreases progressively to a
35 value of substantially zero along the edges of said
coating.



In particular, the longitudinal portion includes a working wall that faces the surface to be coated and
that presents a profile of a shape that is adapted to cause the lines of current to enable the coating to
be 5 deposited on the surface to be coated so that it has the desired characteristics, in particular in
terms of its thickness. Other advantages and charactergstics of the  invention appear from the
following description made by 10 way of example and with reference to the accompanying drawings, in
which: Figure 1 is a section view perpendicular to the axes of two blades of a nozzle sector,
showing the locations witeredlowi sectivn,is hieastvad; iB:Rigusd 209 atsketion vigludaa larger scale
of a blade coateg ¢isiptnidesaethogafthe present investiona2Q ceresRonding Qithezpne liof Figure
3, in which there c]::aenskée ggegth%gqﬁol %ssci)\fe gar;%tgoneint%?agng thig?nests ?Jfolgg one of its edges; 25
Figure 6 is a mic?ogra Ric viewhin section corresponcﬁng {o the critical 26ne 6 |guFea§,S|% which the
predetermined ahd%eletNeR cohstatt f§iekndss 6MABLBatihG forahéE ERcdlzdpe can be seen; and
Figure 7 is & diagegsn shewihgha poasiblesex@ample’p dlearcassasdbly of thenventien sogyising the

tooling- forming gURRYLANE PIRdRSXAYRIEAA, s3I YPRORAN PLAeT g IRgRIEN! dhe dethod of the

invention. The nozzle sector 100 shown in part in Figure 1 comprises two substantially parallel
platforms of 35 SdbLEEMERT cylindrical shape about the axis of the nozzle 100 (only one of the two
platforms 110 can be seen in Biguee 13 d9ant dhese qptatforns:EHO presentiars oatfinetat quadrilateral

shape, and specificallyof paraligiearameshape. fhedgyn siges gf thesparalielogram compsise two
°pp°$“3Tgesfﬁgyngfogggﬁgfgagﬁﬁlﬁﬁg dgé%erence to the accompanying
drawings, in which:

Figure 1 is a section view perpendicular to the
axes of two blades of a nozzle sector, showing the
locations where flow section is measured;

15 * Figure 2 is a section view on a larger scale of a
blade coated using the method of the present invention;

Figure 3 1s an enlargement of a zone III in
Figure 2;

Figure 4 is an enlargement of a zone IV in

20 Figure 2;

Figure 5 is a micrographic view in section
corresponding to the zone III of Figure 3, in which there
can be seen the progressive variation in coating
thickness along one of its edges:;

25 + Figure 6 is a micrographic view in section
corresponding to the critical zone of Figure 3, in which
the predetermined and relatively constant thickness of
the coating for the critical zone can be seen; and

Figure 7 is a diagram showing a possible example

30 of an assembly of the invention comprising the tooling-
forming support and blades mounted on said support in
order to implement the method of the invention.

The nozzle sector 100 shown in part in Figure 1
comprises two substantially parallel platforms of

35 substantially cylindrical shape about the axis of the
nozzle 100 (only one of the two platforms 110 can be seen

in Figure 1}.



5 directed respectively towards the two nozzle sectors 200 and 300 disposed on either side of the
sector 100 under measurement (in the assembled relative position). The contact surfaces 111, 112 are
designed to hold adjacent nozzle sectors, e.g. the sectors 100, 200, and 300 of 10Figure 1, in the
contacting relative position. The other two sides of the parallelogram form lateral faces 113, 114 that
define the two outer circles of the ring formed by the nozzle. The nozzle sector 100 also has two
blades 120, 130. 15 Each of these blades presents an aerodynamic profile having a suction side 121,
131 and a pressure sidentd2 130 Sfiwadbeld areerlyéwo Hadesinithaseotdr 100, each of the

blades 110, 120,3.an.and,piade, Thus,Sach-a{dhese plasesds placed faclag nendgblage of an 20

adjacent nozzle sector when in the assembled relative position. Mare precisely, the suction side 121

faces the press§reedife 23318 thOBRIEERS anl (hEPr&TAd LRIECHPRESTRE $5&idi'Sde 321 of
the blade 320. Theohlades 230dms 2rarenstandardasiadesithiz aes udéd as2d relétence blades for

tmheasuring?5the f([})ﬂ,%%cgg)@s g%@ggﬁggg@%z@&p‘%rﬁgt\gggn %@poggir%@@?g%gggsla@01301,03229,
ere are formed respective inter-blade passages . 102, . The inter-hlade passage iS
formed betweerffh2 bidde$'15837a 3‘5“0 g%%&o?ﬁ%?[ﬁ%l]ntib%trsa% tRe in]tbéilbfé%%eprassages

101 and 103 arevfsrmecepatween firsthhen @ stgrlbdlade s (PBEVE3 M) @ it sacdtor 180@inder
consideration, apgdrsesepdly.the faciag taferencesblade 238 o1 $rOJAE SandIriser dagure 1, in a
given inter-blade 35 ?annelcthe distance bect}q/een th% b;:asdefd/@ri%@é af &ti%@f Bgsition along

the channel. Usﬁglfyzf St a?r‘lay gi?/gﬁ'int%r'-%l'ade channe ,?here is ohly on€ plané in the 10 channel for

which thid Bistafdedad@ tHe flm sERFoIFaRtaCE HiFindiid 2FHEIRRSddHEEpondERE the PRifes PI,
P2, and P3 respegtvely defsthefinterdladerpassapeg dd, £62rand 03the thstancdd Between the

blades in these psqetiqns,arg [@gpectivily R1D2,and-D3; with dheserthrge disiances gafregponding

to three measurements taken on the measurement bench. As can be seen mare clearly in Figure
2, in this implenfhtatith 8QRéfethod of the invention, the
The nozzle sector 100 also has two blades 120, 130.

15 Each of these blades presents an aerodynamic profile
having a suction side 121, 131 and a pressure side 122,
132. Since there are only two blades in the sector 100,
each of the blades 110, 120 is an end blade. Thus, each
of these blades is placed facing an end blade of an

20 adjacent nozzle sector when in the assembled relative
position. More precisely, the suction side 121 faces the
pressure side 232 of the blade 230, and the pressure side
132 faces the suction side 321 of the blade 320. The
blades 230 and 320 are standard blades that are used as

25 reference blades for measuring the flow sections through
the nozzle 100. Between the various blades 230, 120,
130, 320, there are formed respective inter-blade
passages 101, 102, and 103. The inter-blade passage 102
is formed between the blades 120 and 130 of the sector

30 100. In contrast, the inter-blade passages 101 and 103
are formed between firstly one of the blades (120 or 130)
of the sector 100 under consideration, and secondly the
facing reference blade 230 or 320.

As can be seen in Figure 1, in a given inter-blade

35 channel, the distance between the blades varies as a

function of position along the channel. Usually, for any

given inter-blade channel, there is only one plane in the



10surface to be coated of said blade 120 (or 130) is its suction side wall 121 (or 131). Nevertheless,
by implementing the method of the invention, it is also possible simultaneously to apply a coating 20
on the pressure side 122, 132 of the two 15blades 120 and 130 of the nozzle sector 110. In Figure 2,
there can be seen a section of the blade 120 in a transyerse plane that is orthogonal to the longitudinal
direction along which the blade 120 extends. In Figure 2, the coating 20 obtained by the method of the
20invention extends on the suction side 121 only, essentially over the entire area of said suction side
121, firstly betwedrafieenvoflongitidindl erfdsshdtisreamoentetidortite dlatfernss; @nticsecandly

between the leading £dgenliztand thentiailing edae d23- 2308548 besseauindigwes?, ghe coating 20
presents a mear]??ickgggs thlat IS relq:ti.ve%/ with the exceptian of the

edge where the fhickness of the Coating 20 %%?ggé%gt%rrggg%&%;ilc:aerﬁétspn?é’fr?9§Iﬁe {0 a value
of substantially zE?6.-3GWi8relfratisele odishbancnFigare s ane tpstreamdsdyel 22 bheeecoating 20,
i.e. the edge adjaeent tohe leading-edge £ 24 of theohladpA20-fIms33 layet Bf deereasing thickness
towards the leading gdoe 13¢50t hereds o, flissontinyty pr sien hetueen e 88 leading edge
124 and the coating 20 covering the suction side 121. This absence of any step avoids any
on the measurement bench.
As can be seen more clearly in Figure 2, in this
implementation of the method of the invention, the
10 surface to be coated of said blade 120 (or 130) is its
suction side wall 121 {er 131).
Nevertheless, by implementing the method of the
invention, it is also possible simultaneously to apply a
coating 20 on the pressure side 122, 132 of the two
15 blades 120 and 130 of the nozzle sector 110.
In Figure 2, there can be seen a section of the
blade 120 in a transverse plane that is orthogonal to the
longitudinal direction along which the blade 120 extends.
In Figure 2, the coating 20 obtained by the method of the
20 invention extends on the suction side 121 only,
essentially over the entire area of said suction side
121, firstly between the two longitudinal ends that are
mounted on the platforms, and secondly between the
leading edge 124 and the trailing edge 123.
25 As can be seen in Figure 2, the coating 20 presents
a mean thickness E that is relatively constant over its
entire area, with the exception of the edge where the
thickness of the coating 20 decreases progressively from
its mean value E to a value of substantially zero.
30 More precisely, as shown in Figure 3, the upstream
edge 22 of the coating 20, i.e. the edge adjacent to the
leading edge 124 of the blade 120, forms a layer of
decreasing thickness towards the leading edge 124, so
that there i1s no discontinuity or step between the
35 leading edge 124 and the coating 20 covering the suction

side 121. This absence of any step avoids any



11 disturbance to the flow in the inter-blade channel 101 of Figure 1. In analogous manner, and as
can be seen in Figure 4, the downstream edge 24 of the coating 20, i.e. the edge 5 adjacent to the
trailing edge 123 of the blade 120, forms a layer of thickness that decreases towards the trailing edge
123, so that there is no discontinuity or step between the trailing edge 123 and the coating 20 covering
the suction side 121: thus, the presence of the coating 10 20 does not affect the flow of the stream of
air through the inter-blade channel 102. The mean thickness E of the coating lies in the range 10
pm to 500 pm. Id ils¢ exaeptedescribied, thisoeritical zore 2h tei5Madenehmwhieh thé flowfsection is
measured so that;thg rgpair method of the invention enables the flow section of the blade 120 to be
restored by building up_the blz%ljge. For the reasons set Qut above, said coating,20 20 presents a

predetermined thicknesS i Ts PR HRTBSTstaft st (RS IGHtioRof S°&HticAl 2 I3 that
corresponds in thisceximpiettoaha lcodtion vheré tid dowasetiiog i heasured (distascty®2 in Figure
1) afnd tgllaﬁsis _fde@ﬂlfr%b@%s the tﬁft@t%g}(q%@ioi@@t%e 25}?_/85%2@1'(5;%3%’% 1_2dtr,lhﬂ33i§fﬁ@0fgt, and

referably, said coatin esents a thickness El in the critical zone ies jn the range 10 pm
10,500 prm. an i (AELIaS b FEMGAGETD k16 G0 ek Piererably HOS ik css LIt Jaconstan
over the entire @€l Zohe 2B thde tERATEriticalMEo it 2T SR I betdh R sbElas extending over
the width L visitte-tneighrash2 abds%aridc glosgdbe entralenginefl theddade; 120, witk-és lergth

naving & mean (Ekees Ehat B CIaiy 2l Conbiait vr 5 Sous arsa, i e oaring 1168 €
10 20 does not affect the flow of the stream of alr through
the inter-blade channel 102.
The mean thickness E of the coating lies in the
range 10 um to 500 pm.
In the example described, the critical zone 21 is
15 the zone in which the flow section is measured so that
the repair method of the invention enables the flow
section of the blade 120 to be restored by building up
the blade.

For the reasons set out above, said coating 20

20 presents a predetermined thickness that is precise and
constant at the location of a critical zone 21 that
corresponds in this example to the location where the
flow section is measured (distance D2 in Figure 1) and
that is referred to as the throat of the suction side

25 wall 121 (Figure 2).

In this respect, and preferably, said coating 20
presents a thickness El1 in the critical zone 21 that lies
in the range 10 pm to 500 pm, and in particular in the
range 10 pm to 300 pm. Preferably, this thickness E1 is

30 constant over the entire critical zone Z21.

The term "critical" zone 21 should be understood as
extending over the width L visible in Figures 2 and 3 and
along the entire length of the blade 120, with its length
direction being the direction that extends orthogonally

35 to the sheets of all the figures.

Instead of having a mean thickness E that is

relatively constant over its entire area, with the



12 exception of its edges, the coating could present a thickness that begins to diminish on leaving the
critical zone or throat 21, i.e. immediately after said critical zone 21. 5By way of example, the blade
120 is a blade made of a superalloy based on nickel or cobalt, and in particular it may be of the
standard AM1 type (or NiTa8Cr8CoWA) of a low sulfur #pe: ReneN5, DSR142, Renel25 (or
NiCO1OCr9WA1TaTiMO0), IN100 (or NiCol5CrlOAITI), CMSX4. 10The coating 20 is constituted by a
composite comprising a metallic matrix containing particles, of the M1CrA1M2 type where M1 is

selected from Ni, &5, O FCBr @imikfiie GHERDf, dAVMO98 BéRSt<ePidH P ISiSTNHaTa, Nb, Mn, Pt,
and rare earths. 18Trekieems ralesdartiesy inesabtaidmin tlé elemanis belongine tathedaathanide

group (lanthanums SEuBY, PERSROEY THY. Ry MR ALY Samarli, eWopIu)
gadolinium, terbigzrg gy osium, holmium, erbium, thulium, ytterbium, an Iutetiums, scandium,
yttrium, 20zirconium, and hafnium. To deposit such a coating 20 of the M1CrA1M?2 type, the

electrolyte iS formed frofiva Weltion irewdiahltee panticled adepadielessof LIALMR M2 deingrselected

from Y, Si, Ti, Hf aTasue.Mn1BY apsdate sarths c23An arodgiis also used that Eﬂ%ﬁ%&ié&“eta"
M1, where M1 is §gle%{?§gmol¥i, ,[%)é oggehgggéniﬁﬂe gf thes? metals. For example, in order to
obtain a deposit of NICrAlY, it is necessary‘—%o use a compogi%edeﬁé%ill\g& égﬁﬁﬁgﬂ ]?i)rstR/fniEkel and
secondly particled OF CPAN- NI R Be rBpReNE byRSH)1 EdatiRgn e RECT Y are produced by
controlled co- NiColOCx9WAlTaTiMo), IN100 (or NiCol5Cr10A1Ti), CMSX4.

10 The coating 20 is constituted by a composite
comprising a metallic matrix containing particles, of the
M,CrAlM, type where M; is selected from Ni, Co, or Fe, or
a mixture thereof, and M, is selected from Y, Si, Ti, Hf,
Ta, Nb, Mn, Pt, and rare earths.

15 The term "rare earths" is used to cover the elements
belonging to the lanthanide group (lanthanum, cerium,
praseodymium, neodymium, promethium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, erbium,
thulium, ytterbium, and lutetium), scandium, yttrium,

20 zirconium, and hafnium.

To deposit such a coating 20 of the M,CrAlM, type,
the electrolyte is formed from a solution in which the
particles are particles of CrAlM,, M, being selected from
Y, 8i, Ti, Hf, Ta, Nb, Mn, Pt, and rare earths

25 An anode is also used that is made of a metal M,,
where M, is selected from Ni, Co, or Fe, or a mixture of
these metals.

For example, in order to obtain a deposit of
NiCrAlY, it is necessary to use a composite deposit

30 comprising firstly nickel and secondly particles of Craly
(Ni may be replaced by Co).

Coatings of NiCrAlY are produced by controlled co-
deposition of CrAlY powder present in a conventional
electrolyte bath together with nickel coming from the

35 anode.

Under the effect of the potential difference applied
between the electrodes (the cathode being formed by the



deposition of CrAlY powder present in a conventional electrolyte bath together with nickel coming from
the 35anode. Under the effect of the potential difference applied between the electrodes (the
cathode being formed by the 13 part that is to be coated and the anode), the metal anode (in this
example Ni) is oxidized and releases Ni2+ ions into the-golution. These ions move in the solution still
under the effect of the potential difference and they go 5 towards the cathode, being mixed on the way
with the dispersed particles present in the solution. The assembly constituted by the ions and the
particles then migratestipwardsstheccatbode and ¢ndadipthereaching) ifs stréaceswheéresitisddeposited
(Ni2+ then being jedigesdoc metalliqh) 1hus K 8 £oating oL NIGKUX qpythe gaffiode in which
the particles of CrAlY are finely dispersed within an Ni matrix. It is then necessary to cause the

assembly formetyPthEanwsedatinyBlectrddigRe oPie ApfatdiodifuSe 8 o) ibaing L
appropriate heatitrédatmettesceds tocmakeé itshos nppositioniadifotitded-ebiain anwoipghegeawating: M +

CrAlY -> MCTAIY o, Jypically th1e3ale Sesiaris swbiesied:io haat tipaimenihy baiag placed in a

vacuum enclosure for about 20 a time and temperatureére&gnélegt(jui%able for t %substrate material - a

typical example bt TRE TFEbE 2 ouirs GF 18866 Hrterdhct S nistie Yo FiJure 7 Which is a diagram
showing an exasgpienba coxtepositivatiagtaiatidme0 Perenhaiiidg he nrakéd ef & in&mtion to be

implemented. Fg¥ this pepossewthedastetiation thsaepsisas asuppep bdymadea! angpaterial that

e e e el 0 AP S oo pice 120
10 metallic Ni) thus forming a coating of NiCrAlY on the
cathode in which the particles of CrAlY are finely
dispersed within an Ni matrix.
It is then necessary to cause the assembly formed by
the raw coating electroplated on the substrate to diffuse
15 by applying appropriate heat treatment so as to make its
composition uniform and obtain a two-phase coating:
M + CrAlY -> MCrAlY
Typically, the nozzle sector is subjected to heat
treatment by being placed in a vacuum enclosure for about
20 a time and temperature treatment suitable for the
substrate material - a typical example of this may be 2
hours at 1080°C
Reference is made to Figure 7 which is a diagram
showing an example of a co-deposition installation 10
25 enabling the method of the invention to be implemented.
For this purpose, the installation 10 comprises a
support 12 made of a material that does not conduct
electricity, presenting a reference wall 14 and suitable
for receiving said blade 120, 130 in a working position
30 relative to the reference wall 14.
In the example of Figure 7, said support 12 is
suitable for receiving two blades 120 and 130 in a
working position relative to the reference wall 14. This
constitutes mounting a complete nozzle sector 100 made up
35 of two platforms (only the platform 110 is visible in
Figure 7) between which the two blades 120 and 130

extend.



In the example of Figure 7, said support 12 is suitable for receiving two blades 120 and 130 in a
working position relative to the reference wall 14. This constitutes mounting a complete nozzle sector
100 made up 35 of two platforms (only the platform 110 is visible in Figure 7) between which the two
blades 120 and 130 extend. 14 Without going beyoihd the ambit of the present invention, it is
possible to provide for the support 12 to be suitable for receiving more than two blades in a working
position relative to the referel[iuce wall 14. 5In this working position, the reference wall 14 of the support

12 is pressed against on&of 8 twd PABIPEfh 3119 4351aRE phiftfdrhel FreBthozzle sector.
For each blade thanstatbeoroatéd, the suppeitliistfittedrwith teanis forcenteallipsblines of current

10 that enable thars to besarinnied by aviding thery g GRoeentcating e IoWads th wall of said

blade that is to be coated. For th:'LLstpur ose, in the embodiment shown in Figure 7, tor each blade 120,

130 of the sector %86%&1%91?5%%0?1 EShBlideCa IhgiliRinaP HERI/ACES fitddwith a working wall
17 extending facing all of the-Ba&tiorrdidid nalPK81idfithe cotlespordiagdiade $3Q,betweer its two
longitudinal ends titat asemtiached 2o the plafieradandaeingdramdisdeading edgs tq its 20trailing
edge. Thus, the s 12.in Figyre 7.comprise identical Jongitudinal portions 15 that are
mutually parallel s%r?/%% f%t%? tog ﬁﬁgit%%nd%}g%r%i?t %aoljfr{%sfo 0cu‘?r%én %het O $EEABing
between the working 25541l £2gRd & dariideto BE cbatdar(saerdieside Wl E30pSetondly, the
longitudinal porticrs15 iltetdieésvetiveer thestwivblades 1201 130 @f thimeecter1QQ, fargha screen for

the pressuse sideywalt 133 96 ihe @ifish blasiaL3Q, 9cated el gRpasite side of the working wall 17
concentrating them towards the wall of said blade that is
to be coated.

For this purpose, in the embodiment shown in
Figure 7, for each blade 120, 130 of the sector 100, the

15 support 12 comprises a longitudinal portion 15 fitted
with a working wall 17 extending facing all of the
suction side wall 131 of the corresponding blade 130,
between its two longitudinal ends that are attached to
the platform, and going from its leading edge to its

20 trailing edge.

Thus, the support 12 in Figure 7 comprises two
identical longitudinal portions 15 that are mutually
parallel serving firstly to limit and to orient the lines
of current in the zone 13 extending between the working

25 wall 17 and the surface to be coated (suction side wall
131). Secondly, the longitudinal portion 15 that lies
between the two blades 120, 130 of the sector 100 form a
screen for the pressure side wall 132 of the other blade
130, located on the opposite side of the working wall 17

30 of said longitudinal portion 15.

In order to create these lines of current in the
zone 13, the working wall 17 is fitted, at location 16,
with an anode 19 connected to a current source.

By way of example, this anode 19 is formed by a

35 cylinder having a diameter of a few millimeters and made
of a metal M;, M; being selected from Ni, Co, and Fe, or a

mixture thereof, in order to provide this or these



300f said longitudinal portion 15. In order to create these lines of current in the zone 13, the
working wall 17 is fitted, at location 16, with an anode 19 connected to a current source. By way of
example, this anode 19 is formed by a 35 cylinder having a diameter of a few millimeters and made of
a metal M1, M1 being selected from Ni, Co, and Fe, of g mixture thereof, in order to provide this or
these 15 elements to the solution and form the coating 20 of the M1CrA1M2 type. The shape of the
anode may be selected from a number of different designs including but not limited to rod, bar, sheet
or a shape followingdbeifarm &of Hie aemiaion FThis awde This fasteneddo 2de tohgithidinal portion
15 that carries ifv{ Uﬁwﬁl?ﬁg the mgitig@%éh%pnglqu@ggggrtilggi}%%f the suppar 12 and of the
anode 19 relative'fo the Surfdée to be coated being 10selected so as to limit and orient the lines of

current. The andd®193s Bsfste® fo Qjcﬁﬁ%ﬁ?ggur‘éﬁ%bgé?tolﬁéﬂé’?gfené’ pBiEhtiEPdifference
between the cathbdé {bladed 3 andihe ansded®. Fhus, theassembly vigibrey intRigufeTrcomprising
15the support 12 @andthe nozzle sector 100 fastened in the working position thereof, is immersed in a

bath of electrolyte_prio%bein subjected, .to t%e otgntgll differ nce, IrI11 2 tE: &anrabf:cause of the
profile of the working 2 Al Tg%aﬂ]eféoh‘an %‘J')i\:/\%ﬁlceh pr%%eﬁ?éea S a§e %na(?ls generally
complementarype te shagé otihatprofileifalie stctidhsidevedilzl asd hhe beeaddd onthe
distan(_:e betweQ{\fsqjgqujb%@@g@&h@ggc%saggﬁvai!ﬂ?&f 18heit ﬁp@@&l@legg osieat the _field Iin_es_
2o cotmaly or SR I oI P e AL Y cobiagv gLl o

10 selected so as to limit and orient the lines of current.
The anode 19 is connected to a current source so as to
generate a potential difference between the cathode
{blade 130) and the anode 19.

Thus, the assembly visible in Figure 7, comprising

15 the support 12 and the nozzle sector 100 fastened in the
working position thereof, is immersed in a bath of
electrolyte prior to being subjected to the potential
difference.

In particular because of the profile of the working

20 wall 17 of the portion 15, which presents a shape that is
generally complementary to the shape of the profile of
the sucticn side wall 121, 131, and because of the
distance between said wall 17 and the suction side wall
121, 131, it is possible to orient the field lines

25 optimally for forming the coating 20 on the suction side
wall 121, 131.

It is even possible to limit deposition of the
coating 20 to the suction side wall 121, 131 only.
These geometrical parameters, and alsc the shape,

30 the size, and the position of the anode 19, the potential
difference, and the duration of the electrolytic co-
deposition are optimized beforehand during modeling
calculations sc as to enable a coating 20 to be deposited
with the desired characteristics.

35 This electrolytic co-deposition method has the
effect of causing the cooling orifices and holes in the
part to become obstructed little by little.



These geometrical parameters, and also the shape, 30the size, and the position of the anode 19, the
potential difference, and the duration of the electrolytic co-deposition are optimized beforehand during
modeling calculations so as to enable a coating 20 to be deposited with the desired characteristics.
35This electrolytic co-deposition method has the effectief causing the cooling orifices and holes in the
part to become obstructed little by little. 16 In certain circumstances, prior masking is performed
on zones of the blade 120, 130 that are not to be coated, in particular at the locations of drilled and
other holes. 5For this plpgser shdatscexrofiplastics mateddloaranplakad go s peolertimdzones of

the nozzle sectosforBaEes gereraly ohaay pattfor, caagmg) Khat are H1okia be soperedsdiying,
elect_rolytlc co-del%osnéonl_.q%r ﬁ)éamglte t@ﬁ nner ar;cdi%t%ltgr I tf%r:@if; H1e g%zzé%%gggctor). It is also
possible to use wax Kt is p]‘éceﬁ oh the zones That are hot to be coverca*a‘",1 andiin’particular at the
entrances of drilfe@il&#d other holes so as to avoid the coating changing their size or obstructing them

when it reaghes them. Fbin amaegvaniageeus asaegasenifog obtamipg sswiitesmmeaasingaprovision is
made for controllesL syfing of e pawdetindhe slediiplyi bty Fy DisyR9se.dn g

. . : $8tor .
implementation, while co-deposition Is tak!:r);g1 place, circulation is est e solution 20 with an

upward flow in alfftst Epd& SRRE™IBNEn PR AoRMhard AEwSAA & DhddiRice st & Sbiution, the
support 12 being todatedivvsaid edond spaeel ¢ anothetr Arrangedwmmt fhigtisadvdriageous for

obtaining a coatingefaod-quality, Yhile.6RideResIion, 1 at forms of the nozzle

10 sector). It is also possible to use wax that is placed
on the zones that are not to be covered, and in
particular at the entrances of drilled and other holes so
as to avoid the coating changing their size or
obstructing them when it reaches them.

i5 In an advantagecus arrangement for obtaining a
uniform coating, provision is made for controlied
stirring of the powder in the electrolyte bath. For this
purpose, in one implementation, while co-deposition is
taking place, circulation is established in the solution

20 with an upward flow in a first space of the solution and
a downward flow in a second space of the sclution, the
support 12 being located in said second space.

In another arrangement that is advantageous for
obtaining a coating of good quality, while co-deposition

25 is taking place, the support 12 is caused to rotate about
an axis having a horizontal component.

Reference may be made to EP 0 355 051 and
EP 0 724 658 for the movement conditions applicable to
the electrolyte and to the part in the electrolyte, and

30 also for galvanic parameters.

Thus, by making a deposit by electrolytic co-
deposition, it is possible to make a coating having any
MCrAlY composition, or more generally M;CrAlM,
composition, while also achieving thicknesses that are

35 controlled, in particular in the critical zone and along

the edges.



25 is taking place, the support 12 is caused to rotate about an axis having a horizontal component.
Reference may be made to EP 0 355 051 and EP 0 724 658 for the movement conditions applicable
to the electrolyte and to the part in the electrolyte, and 30also for galvanic parameters. Thus, by
making a deposit by electrolytic co-deposition, it is pogsible to make a coating having any MCrAlY
composition, or more generally M1CrA1M2 composition, while also achieving thicknesses that are
35controlled, in particular in the critical zone and along the edges. 17 Such coatings 20 obtained
by electroplating also (Feséntdhe ailvgstage oflpreserditghere Smatl ropdlanassyRel afthe order of 1

pm to 2 pm), of gREREIRY PorRUS, AP arhieying,a stang {mgtallin)pandhetwesndhe Ssubstrate
and the coating. It§ %Lﬂd also be obseryed that im Iemﬁntln this method of electrolytic
a

co-deposition erlatfle %o BEXBhtsttthat BPE ESmple¥ih shdbe "Shcd tHa Reifiidot totally
directional and thadife satace ofthegpaatisol®in (curitact With thedsethlo¢ breatrolytae
Furthermore, sushisseihed Basithenadvasiage,gf. not subjecting the substrate to thermal stress. 18

CLAIMS 1.Amethodofe|e(i'{ro]‘lt3itié:all depgsitin%a comppsite oating omeoricsin a metallic matrix
- . sho a¥so e o seerpg?sa I o 1ngg {%ls :
containing particles, for %_he purpose of repairing a metal blade (120, , the'méthod implementing
the following stépgthod of electrolytic co-deposition enables parts to be
coated that are complex in shape, since the method is not
totally directional and the entire surface of the part is
10 in contact with the bath of electrolyte.
Furthermore, such a method has the advantage of not

subjecting the substrate to thermal stress.



providing at least one blade (120, 130) forming the cathode and presenting a surface to be coated that
defines a critical zone (21) and extends in a longitudinal direction between the root and the tip of 10the
blade (120, 130); providing an anode (19) made of a [[l&etal and connecting the anode (19) to a current
source; providing a solution forming an electrolyte bati’and containing insoluble particles; 15
providing a support (12) made of a material that does not conduct electricity, that presents a reference
wall (14), and t t}}a itable for receiving said blade (120, 130) in a working position relative to the
reference wall (14); 20 mounting said blade (120, _130? on said support (12) in said working position;

placing the support {1378k BRI Liu@dB ! YUi e8ldapdAaRrRSHdrtifes AnBIGRBES Hbf the anode
(19) so as to forooatdoagng ¢2@r orsthegswafavet talba 25cuted;x cdhé anethad being characterized in

that said anode §19) i§dql%qu fasina the Cﬁ@p?b@eo(fﬂg,e@y iy that gaiqépgpo_m(glgys fitted, for

each blade (120, ), Wi eans for controlling lines of current so as to 30ohtain, on the surface to
be coated fsa&jﬁgde\l)\@%?l €a gséﬂi‘WgA(igﬂﬂr&@rﬂﬁfg%ri[/i%t ﬁl( & fﬁ%tﬁstﬁr%ﬁetermined

and relatively constant-fopttevériticadzate (E9sindahat bbadaséd plhgréSiyelf @oinm@ a value of

substantially zethalopgthe gdges 8f pridsEroring 4&2Quanedde thas said meansdor ¢ptrolling lines of
current compris & Ilon%i%udinal plaquti%r{!1 Iof tzhoenséuripﬂs (132|)] dlge )s(,giéanta% f?rnfaging said surface to be
coated of said blade & , 130),

| ongi tudi nal direction between the root and the tip of

10 the blade (120, 130);
provi di ng an anode (19) nade of a netal and
connecting the anode (19) to a current source;
providing a solution formng an el ectrolyte bath
and contai ning i nsoluble particl es;

15 - providing a support (12) made of a material that
does not conduct electricity, that presents a reference
wall (14), and that is suitable for receiving said bl ade
(120, 130) in a working position relative to the
reference wall (14);

20 - mounting said blade (120, 130) on said support
(12) in said working position;

pl aci ng the support (12) in said solution; and
co-depositing particles and netal fromthe anode
(19) so as to forma coating (20) on the surface to be

25 coated;

t he net hod being characterized in that said anode
(19) is placed facing the critical zone (21), and in that
said support (12) is fitted, for each blade (120, 130),
with nmeans for controlling lines of current so as to

30 obtain, on the surface to be coated of said blade (120,
130), a coating (20) presenting varying thickness that is
predeterm ned and relatively constant for the critical
zone (21) and that decreases progressively down to a
val ue of substantially zero along the edges of said

35 coating (20), and
in that said nmeans for controlling Iines of current
conprise a longitudinal portion of the support (12)



2. A method according to claim 1, characterized in that 5said portion (15) defines a location (16) for the
anode extending in the longitudinal direction and facing the critical zone (21), the profile and the
position of the longitudinal portion (15) of the support ﬁjﬁf) and of the anode (19) relative to the surface
to be coated being 10selected so as to limit and orient'the lines of current. 3. A method according to
either preceding claim, characterized in that said composite coating (20) comprising a metallic matrix

taini ti ' 5 int ' de (19).i de of tal M1, M1
Eg?nglgg}gci:::é '#grif%{,ﬁcj% tgﬁé\/l Ije% rﬁﬁﬁngtguﬁgl? gﬁo%?:lagnzlqﬁ tﬁg(t %é%gﬁcléf o?‘t’jma% saz)lution are
particles of CrAMf‘,qﬁhér%Z\QZ iéggl)ected from Y, Si, Ti, Hf, Ta, Nb, Mn, Pt, and rare earths. 20 4. A

method according to any preceding claim, characterized in that said coating (20) presents a thickness

in the critical zope (AL¥iNGdA 1A IR HY PIHIGPAR R 25: RaPJRERIPAASEOIHNg gy
preceding claim, ch%ractenzed méﬂ the sirface to be coated of aiig bla*de (12}9, 130) is the suction
Cide wall (221, £58)03887A hRlinbd bcEirg frary bRCRHIN LkiPleraPhotl e AR the crifcal
zone (21) is theenendiwrgch thet fiewy seogor isdhpasurddreehithat thedepaie inmghbdenables the
flow section of thebjaden(1289A80) tohe resiereskf peiag dwiit uRe3p ) keceiving twaklades (120,
130) ina workmlg 0005|qu drelative to tpe refe(el%%e wiall {]ﬁ@ 8. A metth?dﬁ?cordlélg tp gy one of
claims 1 to 7, ngl tudinal” portion 0 suppor and~o e

anode (19) relative to the surface to be coated being

10 selected so as to limt and orient the lines of current.

3. A nethod according to either preceding claim
characterized in that said conposite coating (20)
conprising a netallic matrix containing particles is of
15 the MCAM type, in that said anode (19) is made of a
metal M, M being selected fromN, Co, and Fe, or a
m xture thereof, and in that the particles of the
solution are particles of CrAlM, where M is selected
fromyY, Si, Ti, H, Ta, Nb, My, Pt, and rare earths.

20
4. A method according to any preceding claim
characterized in that said coating (20) presents a
thickness in the critical zone (21) lying in the range
10 pmto 500 pm

25

5. A nethod according to any preceding claim
characterized in that the surface to be coated of said
bl ade (120, 130) is the suction side wall (121, 131).

30 6. A nethod according to any preceding claim
characterized in that the critical zone (21) is the zone
in which the flow section is neasured such that the
repair nethod enables the flow section of the blade (120,
130) to be restored by being built up.

35
7. A nethod according to any preceding claim
characterized in that said support (12) is suitable for



5 characterized in that the support (12) is suitable for receiving more than two blades (120, 130) in a
working position relative to the reference wall (14). 9. A method according to any preceding claim,
10characterized in that the blade(s) (120, 130) are blaglﬁs (120, 130) of a turbomachine nozzle. 10. A
method according to any preceding claim, characterized in that zones of the blade (120, 130) that
15are not to be coated are masked beforehand, in particular at the Iocations of drilled and other holes.

11. A method ageor rllglneﬁmt eBaqj{Hggl 5har &5 eﬁi |gt dgggﬁlglpgﬁstakmg place,

20 circulation is esta e solutlon wit an upwa Iow Ina |rst spac the solution and a
downward flow €A 8EEifd §9ade6r thel BGREE thblipddrf12) being placed in said second space.

2512. A method according to any preceding claim, characterized in that while co-deposition is taking

place, the suppgt (%@)ngﬁgae%&g}tage,@q% ag,@q%;;{@tmcl%qi%ﬁ argoilzagtaycomponent 3013. A
method of estorlg blades comprlslng the ste é%emov?sgﬁustmg cqatl from a blade to form
% tﬁ %ﬁf

a surface to be & eaCt(ﬁrb@ﬁ rlhﬁ' of %%Lan Watce do%\téd“ Eo ﬂ{g the surface
to be coated of treClslhbe Mgth3BM1ChamM 2 wpehhaweil, (aterdidg®) tHemethved &f &gy of claims 1

to 11, to build up éke blagke; paf sV Ve riemening addfusieieheal reqgtment. 21 14. An assembly for
electrolytically depositing a coating
9. A nethod according to any preceding claim
10 characterized in that the blade(s) (120, 130) are bl ades
(120, 130) of a turbomachi ne nozzl e.

10. A method according to any preceding claim
characterized in that zones of the blade (120, 130) that

15 are not to be coated are nasked beforehand, in particul ar
at the locations of drilled and other holes.

11. A method according to any preceding claim
characterized in that, while deposition is taking place,

20 circulation is established in the solution with an upward
flowin a first space of the solution and a downward fl ow
in a second space of the solution, the support (12) being
pl aced in said second space.

25 12. A method according to any preceding claim
characterized in that while co-deposition is taking
pl ace, the support (12) is caused to rotate about an axis
that includes a horizontal component.

30 13. A nmethod of restoring blades conprising the steps of:
(1) renoving existing coatings froma blade to forma
surface to be coat ed,

(1i) preparing or cleansing the surface to be coated;
(ii1) coating the surface to be coated of the blade with

35 MLCr Al M2 type material, according to the nmethod of any of
claims 1 to 11, to build up the bl ade; and
(iv) inplenmenting a diffusion heat treatnent.



(20) on a blade (120, 130), the assembly comprising: at least one blade (120, 130) forming the
cathode 5and presenting a surface to be coated that defines a critical zone (21) and extends in a
longitudinal direction between the root and the tip of the blade (120, 130); and a support (12) made of
a material that does not 10conduct electricity, presentfiig a reference wall (14), and suitable for
receiving said blade (120, 130) in a working position relative to the reference wall (14), said support
(12) further comprising, for each blade (120, 130), a longitudinal portion (15) suitable for 15facing said
surface to be coated of said blade (120, 130[?], said portion (15) defining the location for the anode

extending in a It OhAIFEERY ah@Fagh§ Bid Slinddl G8hd Yo ACBRShidiE R hdStions of
the longitudinal pa@jono(l 5 obthedeudniz0(12) 20y, of t2A0theaaseadd [ 40)aelgive $0 tie surface to be

coated being selected to gmiqaélgsqriqméh%'i%%o( (ilg@entliggyctp Gr'RARGET %tc_b%@tﬁghém t_he
surface to pe coated of said blade (120, 130), a coating (20) présenting varying thickness that is
predetermined ﬂﬁ&éﬁ%ﬂ'&bﬁgaﬁt paslio %‘Feecrﬁtf&;%oﬁ(g) &]3 r‘ntcﬁt%tat Hbé&?eﬁgés ?)rogressively toa
value of substarsifdlllyizead awmgethe2tgearnsd sakt esrting (201 | ongi t udi nal
direction between the root and the tip of the blade (120,
130); and
a support (12) nmade of a material that does not
10 conduct electricity, presenting a reference wall (14),
and suitable for receiving said blade (120, 130) in a
wor ki ng position relative to the reference wall (14),
said support (12) further conprising, for each bl ade
(120, 130), a longitudinal portion (15) suitable for
15 facing said surface to be coated of said blade (120,
130), said portion (15) defining the location for the
anode extending in a |ongitudinal direction and facing
the critical zone (21), the profiles and the positions of
t he | ongi tudinal portion (15) of the support (12) and of
20 the anode (19) relative to the surface to be coated being
selected to limt and orient the lines of current in such
a manner as to obtain, on the surface to be coated of
said blade (120, 130), a coating (20) presenting varying
t hi ckness that is predeterm ned and rel atively constant
25 for the critical zone (21) and that decreases
progressively to a value of substantially zero along the
edges of said coating (20).



