A METHOD AND AN ASSEMBLY FOR ELECTROLYTI CALLY DEPCSI TI NG A COATI NG

The invention relates to a nethod of depositing a conposite coating
conprising a metallic matrix containing 5 particles, for the purpose of
repairing a nmetal blade, particularly butinot exclusively a blade of a gas
t ur bi ne nozzl e. The invention relates in particular to a nmethod of
depositing a coating of the MLCrAIM2 type, where ML is 10 selected from N,

Co, or Fe, o METHAMEND hey egfsEraity Mbi Sset e fdamyY. pibogs Tﬂ%mé"f’ Ta,
Nb, M, Pt, %nq: arths. The continuing i nprovenent 1 n the efficiency
of nodern gas té)rrz%rrlﬁ\} makes it necessary to use inlet 15 tenperatures to
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up with the MPé*e&sing requirenents in terms of lifetinme for parts that 25

wi thstand hi gh temper dhwieesiohhaleliatathyin Ware RO I 4 heyvild YBor

i nsul ati ng c%ati nQ%.have corglg.i ntofts)?hi\/i &g fOﬁ | owering the tenperature of
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metal lic bongi%nge?%&:gsat gggﬁogi’dglédﬁgéi (?{)r%’f E)Ilra't fé@'c ampi'ccﬁ‘_[qoﬁé‘%l | e
protecting tRersefal of the part from being oxidi zed. The bondi ng | ayer,

referred to.as antuedebe@ahyifBY i3 rBecRbntahioys lé%%i;ci'éé%]%v Q} can be
made of |ayers of the MIA ype (where M stands for nickel “or cobalt).
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Mention can BIFEHeIPA PHFPLEEPaMakeS| dfePgcerEseRy t2 alseniimilés (N Al) type
having af intempetrakhiresstbuehdr €urbine 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



conpounds whi ch are defined as having 50% atom ¢ of nickel and al um num
Such al um nides nmay be nodified by a precious netal such as platinum

Al um ni de coatings 5 are made up of an outer layer fornmed together with a

| ayer that diffuses into the substrate. | those undercoat systens have as
their common denom nator the property of being alumna-formng, i.e. by
oxidizing they forma protective alumna filmthat adheres well and that 10
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The undercoat is subsequently renoved bei ng di ssolved chemcally in a

bath of aci d®™ThaP"8BRFation is dlfflcult since it leads to the diffused
| ayer of the alunIﬂléplﬁQabfn@lDetﬂg ﬁrseebvednenadaEUStbtpheads kOch

practice to reducin wal | i cknesses_of ep % a_reduction
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Strictly-spedREagsary to repair the varlous 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, nmeasured perpendicularly to the
flow direction, of the passage al ong which the stream passes through the
nozzl e sector, between two adjacent bl ades. By extension, the flow section
is used to designate nore sinply the width of the 10 passage for the stream
t hrough the nozzle sector. This flow section is conventionally neasured at
that | ocation between the | eading edge and the trailing edge at which the

val ue of the flow BﬁCélﬂmrb&né&@lﬁéT&h$§§Ie,V\Q'§£'c€9frf§p9n[?§r{0 the
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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 inportant aspect of the present invention
is to provide a nethod enabling the drawbacks of the prior art to be
overconme, in particular by nmaking it possible to address the probl em of
restoring flow section while also 15 conplying with criteria inmposed by the
envi ronment of the parts. Thus in‘particular, in order to build up
fl ow secti on neasurenent zones, IS necessary to use a material that does

not degrade ni cal 0 charac ti t he bui | needs
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formng ghe cat hopl@r@@n@@@éenﬂ NgaR ﬁé‘ﬁﬁaé‘ﬁet}taé’t b@héoakgﬂlmgt cdgtipes a
30critical zon ng an anode pade. of a nmetal and connecti ng

the anode t otBE RRFEHE Js%u?%t_e thick enqual tphglh §91 08 BR2FSP M ng an
el ectrol yt e Wed i g di € cand @dbityp g ¢ SOy bl emepat & i sk &5y 3D puoyddbngra support
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sol ution; and ositing particles and metal fromthe anode so as to
forma coating odm%hémgﬁﬁﬁ%%% 2Pt coht e PRETHAF aERBENEEPR HBnker, said

anode is pl g¢esvide 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 bl ade,
with nmeans 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
predeterm ned and relatively constant for the critical zone and that
decreases progressively down to a value of 15substantially zero along the
edges of said coating. These neans for controlling lines of current

contains preferably one or.nore shield portions_on.th urface of said
Support i cH atiar ohe i {REEe Pob DR LT TR Bhade 185Fn th e way,
it can be umderksimpdoeshitidy wvslalen ebethe optbeiemgce echhlgue that is

sinple to inpl ementmo&ﬁtirﬁg ?%Eg)%%a@ &}?té‘éi‘ddéxﬁﬁﬁéﬂ’ai esthjjckness that

is desired for the coat]ng, I ckness varies as uncti on of
| ocati on on ¥k tPOHHe: ¢hi s can be done 25 without forning a step al ong

the edgesof the Coaéieﬂgir@cj\dtl\l@ié@}%@ﬂ@'i/ﬂanaMtéb}S&’Ei@ﬁ;déﬁ@HSi onal
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30sol ely on ddeagone Hrreat hcapnengfo hehsushatect otbebeoadated hat needs to

be coat ed. FUrher iy &, L. et ipd, of 1he presentsigyentfon makes it
possible to process a plura |Jty of parts 'sinul taneously. Shoul d al so
be nenti onedfading tthee etk iopl atome) taehndyid spporbsisheéisupdi réee to a

smal | er;@xt &ch &1ade, 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 nethod using brazing, diffusion takes place only
over a few mcroneters. Overall, the solution of the present
invention makes it possible to nake a deposit having the desired 5
characteristics in ternms of wthstandi ngcoxidation and corrosion, and of
havi ng thi ckness and a shape that avoid any di sturbance to the streaniines
w t hout any need for subsequent retouching (nachining) In a preferred

arrangenent, said sur ce to_be %0 coa%eddextends in g % di na
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support is coms¢s ustace tanhyl dven anbele facromgesars. surface to be coated.
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the anode nmeyhhessedecded-d rom g Angbsr @&H@H&&@ﬂ@ &RsigRsohnghydi ng but
not limted to rod, bar, sheet or, a shafe f ol | owi the formof the

aerofoi | . 20FFHECHLML ©oHCR T A GtPPor I Fhretfe %‘ﬁoﬂ ShRPP nekat havpdei ti on
of the anodearelddserbanddetsuriacet i @abeisoat et Rogt nayy beed@stgned to
control the hﬂﬂ§§19hcha£€”tcﬁi£“‘ﬂ9 fron1thF anode to the surface to be
coated. To t?l% TN saJd ans hg lines of 25 current
conprise a |ongitimiharpberion ofrahecnepportatdi sabfeceoroflei ng said

surface; 4 0 be, ok e@x@én(ﬁélﬁlbélla%?is@.}l&il QItJiPPe%IdH'IB‘Qt@eéHC@EéO” for

the anode extending in t itud rection and facing the critical
zone, the prieget ea%oui%et%ibﬁ i e opLladie- 30AI%%@T@W%¥1%%W%06’F t he

support and ide-shope.diel pesineod S dhedanpseingl sdivestiprabe syrhace to
imt and orient the |ines of current.

be coated bein | ected so as t
ool oranly. AT nadlss Sete SEcnerade Hpone e fe g or S The
i nvention alcsmtm‘@l/ltd&s Bl avetdd dcwf reeist 06 | tige bt attescabnponsi agdt he st eps

O o 181 SEORU NG, 25 g, soptd ngs, [oma bl ade to,Lorm a surface o be

coated, ” (ii) preparing or cleansi sai urface to
- 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:



i [ id surface to be coated of the blade with 5 MLCrAIM2 type
g;;;Zi;F?tgggofg:gg to the method of electrolytically dePOS|t|ng.a coating
of the invention described before, to build up the blade; and (iv)
inplenenting a diffusion heat treatnent The invention also prOV|deﬁ an
assenbly for 10electrolytically depositing a coating on a blﬁdg, } fhe
assenbly being specifically adapted for inplenenting the nmethod o

i nvention. For(ibhirenpuripos exithangy icoatiagded-an 2386 % J g‘{ﬁﬁm a

ol yticald 0%if 20 & coating on a bl ade, the 15 ass
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surface to be (ééalt @Greplaaztln@ehrn@sleamsmntq GaAllZ e fatRd to be coated; @
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35 val ue of S%%E?%%t?%]T@ezémﬁe%ﬁb@@ the edges of said coating. 8

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 |ongitudinal 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 soghat it has the desired
characteristics, in particular in terms of its thickness. O her advantages
and characteristics of the i nvention appear fromthe foll ow ng

descri ption nade ex I wi;th.reference to th
acconpanyi ng draw?ﬁgégrﬁﬁxﬁﬁ%gh:%ﬁg EogagﬁPgﬁPgﬁ1pP§%éO§e%PF%H8$Fe®
per pendi cul avorbintiewakéstbatt iecbbatbe ehrianezibebsecbtetedshodi hhathe

l'ocations whgpesbhew segtben1bSoreasuhgfe LRakl 9Ur §42pk8qacsest,qn vi ew on
a larger scale of a blade coated using the nethod of Phe present 1 nvention;
20 correspontifiglitBethelzenerert 6P £nghie shej roakiel £RePE can be seen
the progpessi¥poyatéat bANths eeathng tbi Bknesstakony engtofiti hasedpes; 25
Figure 6 is a nicrggraghictviem/ln section orrgs onding to tge,crltlcal
zone of Fi gur8S3reFnChRfehttheSpredet sPnPREGTGHIFelt 8t FFERS @Ondfant

t hi ckness ofthhekpeasing for the critical zone can be seen; and Figure 7

s a diagram showing aopassi Bligasxagpleanl ohaalcasseubl L of ¢t heoi nvent i on
conprising the tooling- formng support and _?a es nounted on sard support
in order to inpeehepl &heeapt AvdnothenhéolhoeanpodescriptiPhempdezby sect or

100 show inwggréfi@xgﬁ U5 €aAd CRIPRI 5E8-LUR-sUbSt ARLI éhbxmsé_ﬁ?hhg'
pl atforns of 35 substan |aIl¥ cylindrical shape about the axis of the
nozzl e 100 (BRPYLBAR- of Pt WRIENS pl atforms 110 can be seen in Figure 1). 9

These platfornms 110rpgesent as ausbinbeonf vavwadpekpbagabushapeo and
specifically_of parallelo The, f our fides t he gﬁrallelogram

h . f
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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 di sposed
on either side of the sector 100 under neasurenent (in the assenbl ed

rel ative position). The contact surfaces 111, 112 are designed to hold

adj acent nozzle sectors, e.g. the sectorg 100, 200, and 300 of 10Figure 1,
in the contacting relative position. The“other two sides of the

paral l el ogram form lateral faces 113, 114 that define the two outer circles
of the ring formed by the nozzle. The nozzl e sector. 100 also has two bl ades

120, 130. 15 Eachhftsq mek BiEest I et arfRe? Sy Hai @ profil e having a
suction si depidxilde Bl shdrpeeSANE Spelei 12251120 f Sacelldbograne only

t bl ad th tor.100, h t-h 2 bl ad
T\rll\ﬁs, 2agﬁ 1)Sf ‘-’f%egsze]ﬁ'fead%%uﬁs N ;%eo f%%%rr%éjg%fg%d&%ta% Qo rf@ ng%J ageﬁt

nozzl e sect arppeeite rsidess a@slsnmt@omr@t@ctt veupbzies ohll I\@m@ bl%cr sely, the
suction gide %ﬁ{&eﬁeéﬁ rteorﬁéfi&s 234 Otf_wcs heo Qﬁﬁé’%@é@@r@nﬁb he
€ a e suc

pressure si ces on side 321 of the bl ade . The blades
230 and 320 ar® Qardbsrpatddes eheeareldr et a%h%ser%r%re%% Brages for

neasuring the.4d omemact | Pﬂ@ e %@é’érﬁkﬁ"%d‘%@i@tﬂ@@ p&ei #een) I hernar i ous

bl ades 230, 120, 130 320, hg{ 2{e forme res egt% ﬁ% n er-blade passages
101, 102, arfePHAERCT THE £34%S - bt hd %%s%%ﬁe 189 b7 R Betdedrcthe bl ades
120 and 130 r&izﬂw seactors 30409, tie cmuttcanss 10he 200 erabd adie@d pafSsages 101

and 103]1(8 f(gltigp’g 'l%f' ESH Y ONg, © &%%ﬁéaéjgéléi&q OrlerQO%tlg% t he

sect or i on, and se aclt ng reference ade 230
or 320. As daﬂ>mmdﬂﬁnpfrth@gpﬂxahlelngagrﬁ@ﬁmrh@h¢r®laﬁ@035 thannel , the

di stance bet {r? Blades vas i @5, aSufet UBSEE DBs 06 £ PORL L1 Oy akoRged he
channel . or any given Inter-blade channel, there |s only one

plane in théﬂfl @@ £ or which this distance and the flow section are
at a mnimum Thishd! e, LOrELPONAB00 Ol he Rhaneso Pbladids amd, P830.

eshectiyel v gt APeAa et Plede sessates 40 c 105200, 105 the o stances,
these three ihsimncesswot i@spohde N2t o 18 eendeaspreseats sakenldd, t he
et BETC i SR S ST SN LR FbabEB.Zuobp thi
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 inplenenting the nethod of the invention, it
is al so possible sinmultaneously to apply a coating 20 on the pressure side
122, 132 of the two 15bl ades 120 and 130,gf the nozzle sector 110. In
Figure 2, there can be seen a section of the blade 120 in a transverse

pl ane that is orthogonal to the longitudinal direction along which the

bl ade 120 ex I i . e, 2 e ting 20 _.obtained by the nmethod of
t he 20invent%§%g§§%eﬁag gﬁggﬂetgégtﬁgg%gpﬁg 759 ghﬁy?ﬁ8§s SECACPy 26Fer t he
entire area 8t samdnsuomi onThiideplane forsekpobdsweenthke pllaoelso®di t udi nal
ends that are-snoypiedso ; r d t di ng
P20HALCE30R LR RLGLRGr #B. aRd speeRdbyabe gsggragag 193¢

edge 124 and_the trai can be seen in

coating 20 ptBent8dalfdanthfi ekfatagcest hetwpsnr hgt Phadgscansthfseover its

entire agea, sacthohbeaexcepkpentoiel hepedgezywhghg bhe Lhikekpasseof the
coating 20 d greas s§8%ﬁgressivel n value E to a val ue of

framits ne
substanti al | §'2&Fo™t 88pF8EF§éP9?8é§gsﬁ8mﬁﬁFﬁeFWSGFBr§WEPﬁ§ Gp&EPeam
edge 22 of tbe tbatmnags@femene. behehedge adj acent to the | eading edge 124

f the bl ade 120, I kng.thi s,towards.the | eading
gdge iz4,asg thatA%ﬁégg ?S %%géigé%%??%%??%Qg%ﬁngéﬂgét%éeﬁnt%§l§5 | eadi ng

edge 124 andimpécweatahyoroo€oviei ngthnd slicthenisvdstion, Thies absence of
any stepoavokderal¥ 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 di sturbance to the flow in the inter-blade channel 101 of Figure 1.

I n anal ogous 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
bl ade 120, fornms a | ayer of thickness t 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 cqoating 10 20 dpes npot affect th | ow of the. s am.of air
Phrough t he SRR Chadte Lige o Bhe Hiptianladd Shander eLiF Fhe
coating |liesfigutdelrange 10 pmto 500 pm In the exanpl e described, the
critical zone 21 4 i i t ection.is red so
that the repair %?h%%%&?‘%%%%%@%ﬁo%ﬁ%ng Igéié }["f%% %%I\?v %ﬂéc ?@ﬁ]?%fgt he

bl ade 120 t i dewndreripmyedds | 24 nef uphe heodt titie. 2Forithe teasedgeset out

above, said £oplddir 20, 20 present sn@ pigsel £ pedhd hckaesso b hakobgs
preci se and constant at the |ocation of a critical zone 21 that corresponds

in this exabl Y the Hotnete Wt Heeresnr skeraohe i sheebsat g

(di stance g?edlqb Flﬁﬂ_w gscl)t}&ﬁﬂd E}Iiu;ieiﬁs red edlf edoh ©i@si tPeot hs@%p of f t hebI
suction si 5wa 1 (Figure In.this respect,.an referably,
aai d coar! eI I Ph kR 627 AT tTRErNg D ST RNES | e
in the rangech®) pnetiorb0igen lahd thuparthe ubaesémce hef remgecddtpnyt o 300
pm Prefera , i i*ﬁﬂg i CORS t t i ridical
zone 2?1.@ £ dﬁ{% tsneérﬁr; CFI??C%% glcfj:)‘g (2 Eslﬁ@f:)u gy(%emuﬁge%ﬁo% rcg%{qﬁ

ext endi ng ovidre thetaf thirde lamrel i 0% gures 2 and 3 and along the entire
llength of the bl agt Igdin WikickdSsd enadh ehd ecsiombel Noste ghsection that

ext ends orthogonatkﬁ 35to0 the sheets of all the figures. | nst ead of
havi ng a nmedrf 1% ¥ 1A W8- relatively constant over its entire area
with the 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 dimnish on leaving the critical zone or throat 21, i.e.

i medi ately after said critical zone 21. 5By way of exanple, the blade 120
is a blade nmade of a superall oy based on 1@ ckel or cobalt, and in
particular it my be of the standard AML type (or N Ta8Cr8CoWA) of a | ow
sul fur type: ReneN5, DSR142, Renel25 (or Ni CO10Cr 9WAlTaTi MD), I N10OO (or

Ni Col 5Cr | QAl TécefiMP. o A0ihe @@?égpgtgg i t opposite
conprising a fg%at a]IEI i C tri %con ai ni ggip%??liggﬁl%sé&gg%ggi%Agpw type
where ML is select&dT rio NiPSES or O FEIMERLSh noit Leavimer elod , cahdin®li s
sel ected fromofie Sir throdd ,2Ta, i Nb, IMinedatany s68¢&r eaiiMScr16Thg term
"rare earths"_| d to cover the elenments belonging to the | anthanide

group (Il ant haznurre1 cerium praseodyni um neodym um promethium samarium
eur opi um? gadol i niB¥nmwaerd] erardylspr osialnyl dad i 20n i erdibladd hddare s

ytterbium angd dygstd §%%§i ) i [ y.coni um . and_ haf ni um
To deposit suchlgscggggkr 20 o %ﬁﬂ?%%&%%&ﬁi %%géggTrﬁPéR%QtQ?ﬁgﬁﬁyiéﬁ
formed from atsdldut ih 9t & HanagshrAN k| epar onadfiTal @8 QIWAY ARy M2
bei ng sel ect eitbwf rAMAGr Siypeli ,RéﬂfeNST,a,DEl‘ﬂbMé\{h,Ré?ielﬁ‘S}&éﬁre earths . 25An

N o, o FauSOSnRlA RS, e Ot s Nicr e m GRS to
obtai n deposit GheNictraAliYig iZ0 iiss negBsSSANIILdD Bise acamosid e deposit 30
o oSy Sk e gt i s Bl AL ON e

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 comng fromthe 35anode. Under the effect of the
potential difference applied between the el ectrodes (the cathode being
formed by the 13 part that is to be coated and the anode), the netal anode
(in this exanple Ni) is oxidized and rel'gases N 2+ ions into the solution.
These ions nove in the solution still under the effect of the potenti al

di fference and they go 5 towards the cathode, beierf% m'égd on t{ge vva(I){ W th
the di sper sétPParthall 65 gradehtCoH The8d| thF dPOhlr aSienBF i oM ¢ ut ed
by the ions @nd firies pardnsl e Niheis ngi@d Bsd tovaér dsl ¢heecai déoard ends up

b hi It f it.Js d ited j 2+ i dt
15 fetal |1 o M5 HIS T A CHATRa o YAl Vot reo bt haueSPRERR ch
the particl esnddr Qb Y fffect i ol theli ppeestth Wi dhi feeende amdrilkey go | t
(5 then fiecessalyad Gifausetdife ASSEI Ynl 2LABM Dhd oy AW COBEAA

p on t o di 1

el ectropl at ed e substrate t use 15 by appl ying aﬁproprl at e heat
treat ment scliBEPeEEemKERTECkONIES ¢ Hini FoR nf AHEC PR ai nt &St wo- phase

coating: M HIMNy M ited by Tl Cabhy, ahder ROZz4 £t BETEOT thén
subj ected to heat treat n%rncigr b%/& bein %Illaced in vacuum encl osure. for about
e

20 a tine afttEhpRs dtUr TreTft ¢ e PP tHR RYbEEFEE Fmtbfial - a
typi cal examplerfade tWhesrarayt bies 2dpuestad 10BOCtRehebencg irsdmmee to Fi gure

= i . : vt | e hdad . | ati 10
25" enabtd ng N HE At of e THIRHIT oh For B8 S LREnrAll piotay ot on
pur pose, thecatisidd |t ivnidi) thempaseschesuphofrAlY apeefbftebymaterial that

does not congl I?fl“ thiGiiy apnesemtingza reference wall 14 and suitable
. e ﬁ 'a . o i .
for receiving sai ad% 120, 130 in a working position 30relative to the
reference wall 14It 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 exanple of Figure 7, said support 12 is suitable for receiving two
bl ades 120 and 130 in a working position relative to the reference wall 14.
This constitutes nounting a conplete nozzle sector 100 made up 35 of two
platforms (only the platform110 is visibig in Figure 7) between which the
two bl ades 120 and 130 extend. 14 Wt hout going beyond the anbit of
the present invention, it is possible to provide for the support 12 to be

suitable for recelWtﬂgoﬁﬁrgoihgnbéy@nglaggsamgl@ &@rkhﬁg pggggton relative
to the reference posi tion e reference wall 14

of the supportni§m€§oﬁte%geﬂsaﬁaFﬁéﬁfﬁnEO Pr?ﬁédFmﬁoFaFB?aﬁuPﬁ@e§ 123, 114
of the platfotmidd¢0softehkenbazl eesettdng more theh eashnbbhads thay is to

be coated, theg.s f. Wt ns_f controlling |ines of
current 10 that gﬁ@@ % % e%??o %§€%Y%n y 5ﬁfﬁfﬁﬁc?hgﬂig g
concentra®i ng theni@ovb}@swthblMBJpoeitsemd thadeeféaénts waolbeigoared. For

this purpose,th@ Mﬁ%@% negt §é‘§>¥\@d' é:ix%%e ‘izongltulgacJe 8 gg’?%% 15130

of the sector 100 e 155upport |ses a i na
fitted with a otk watts 191 e%?%r@llfh PEei hiP a0 f blﬁetrhezstnetseuterde wal |

131 of the corresmfndlétgc}bllali&jel%atbeig\e@@ bd Scdaed ONgh L udinal -engs that
are attached to Eﬂﬁ?égéuf rgh and 0|n fromijts Iead|n edge to Its
20trailing edge. PPOT T2 TR Y %m%ﬁl%%sCWV%ﬁ¢ﬁentlca

| ongi t udithal wmtﬂm@ﬂ5mmmEﬁ®mMM%mW®%p@ﬁdﬁ@wmgmm§ﬂyto
limt and to f |n t z0 e 13_ex endlng bet ween
éHdéHﬁtféﬁiééj o ¢ ace to h@%t ﬁb de el $

t he working 25 wal e su
131). SecondI§pR QQK9QQﬁﬁﬂtud|nal portion 15 that Iles betmeen the t wo

bl ades 120, 130 oderhetyﬁ%ctIg{ fanma, & a8t hﬁ Kressure side wal |
132 of the ot er blape Iocated on the QRPOS'té“é' ot the wor ki ng
wal | 17 or 'each blade 120, 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 |ongitudinal 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 exanple, this anode 19
is formed by a 35 cylinder having a di angt er of a fewmllinmeters and nade
of a netal ML, ML being selected fromN~"~ Co, and Fe, or a m xture thereof,
in order to provide this or these 15 elenents to the solution and formthe

coating 20 of  the MLCr ALM2 type. The shape of the anode ma% be_sel ected
froma numbérlSReHi it drite RSHYNCR it df gt Beht® o2 10 124 25 89, bar,
sheet or a shapealMgl topeng The snapeSof the amvdéomby be selé&bikedanode 19

is fastened to the | ongitudinal_portion, 15 that, Les | T profile and
the position ot tthé1'8hy] t%%icﬂjaﬁé)ep%(?rﬁ o%ei%grg?a Jflf%gi%%lp%%rk%uizﬁlﬁ%d of the
anode 19 rellatmite=d dcd hodurdace stoede epnat eshdred Nt 1DTel et dde sbowms to

limt and orientydhg Jifes of current. The anode 19 is connected to a
current source so as to generate a potential difference between the cathode

(bl ade 130) and tHelsarmueda ol Fustastrned sedrtle v et erdingl gure 7,

conpri si ng Ih{he sUPPPrind? @nertde nozzies seed 0114 0hd ashenedsinidhe

wor ki ng position thereof, CL}SRI mer sed |23n€ bgtﬂjof el ectroi%te (Erigr to

bei ng subj e@ed 1% 1MIPHERILIPH T eht 2T I T PaF IR br t Hetdas?t of t he
profile of tdtee vriddagl 20radtidey tof the porfaon b, behichteddseims a shape
that i enerally ¢ | enent ary. the.s f e i suction
si de wa lzsle,alﬁé\lﬁe,é)ggr)\% %Secr%a%s%l%qc t%hed ﬁ%?egl}\%et %t%/\e]?%ér)é s%fd&%x%%&ﬁ? and
the suction Bidewald 1P1is 1GInngated posziPherent osdercete $$ete |ines 25

optimel |y f Ul ae (e Geatd a2 orehbe suckion shdeouelbad2l, 131,

It is even possi eposition of the coating 20 to the suction
side wal | 12@olads Jo}ﬂ)y_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 geonetrical paraneters, and al so the shape, 30the size, and the
position of the anode 19, the potential difference, and the duration of the
el ectrolytic co-deposition are optim zed beforehand duri ng nodel i ng

cal culations so as to enable a coating 2psto be deposited with the desired
characteristics. 35This electrolytic co- dep05|t|on met hod has the effect of
causi ng the coollng orlflces and holes in the part to becone obstructed

little by IittIe rc n . Pri or in
performed on zones o} e%ﬁal%l 8§é%€5§§§ h§?§é?e&noFl€g be 885%8 %ed
particul ar a¢nthenéscati ohe biadei 12ed éﬁl bhaer ahel st Sﬁobethostpdvpose

sheets, e.g. lﬂpr£@§éa£§rn§£e£hél1oég€lah§cs§ 891 8Pch0afigveL Lpe zones of
the nozzle sector (or nore generally of any part for coatlng? that are not

to be cover €dH&fing el ectrol ytic co-deposition (for exanple the inner and

outer platforns otofhehﬂQZpuﬁpégéﬁcgnéétsltetg ab§0p99§§h@beméQeH§QlWﬁX
that is placed on.the zones E are not to ¥eg§ and_in gartlcular
at the entrantc®sPHICHPi 7P ed®ahd GYREF FB?eéogﬁsag ﬁvB?ﬁZ%ﬁe 65PFng
changi ng the(orsmqgeogem@salhpt@ﬁgamyepamheﬁortcoeathgs theﬂ1aiélnoap
advant ageous, éfﬁgngg@EPédf8¥599%a%£é@9rélgﬂiéo @8@%&?91% ﬁ%b%‘on | s made

for controlled irring of or this
pur pose, in %ﬁ@mph%l%@%nl@m$énanﬂh©ubeéopﬂéb5@¥m3oﬁflbh@akpﬂglplace

circul aipon ééc@@ﬁﬁblIf@eﬂslgléaep§9£y$1@nt80 ¥etPagncHppwas d £howein a
first space of the solution and a downward flow in a second space of the

sol ution, the"stppoFera® Herhg@recRtedtPnPearaveEednd28PatB. | n anot her
arrangenent piuat i tsl &bvant ageosst Farcobt af AP Be@oahlingtBEr gREUgUabI t Y,

while co- depos'%éqgv01d 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 conponent. Reference nmay be nade to EP 0 355 051 and EP O
724 658 for the novenent conditions applicable to the electrolyte and to
the part in the electrolyte, and 30al so for gal vani c paraneters.

Thus, by nmaking a deposit by electrolytic co- deposition it is possible to
make a coatlng having any MorAl'Y conposition, nore generally NﬂCrAlNQ
conposi tion, il | so chleV| thlckne S at are 35controlle in
partroul ar i n 't he it rRt B AP BTG (e egesroRatins Abagcly
coatings 20 mbseme dchy @:ﬂmta@é at f noratsot jmeseaty t frea htlvaotglges of

presenting v de o] of not
bei ng porousﬁﬁaﬁ%§34 aéﬂ#%%?ng a 5@?8%0 ?ﬁ%ﬁ 1I§E ﬁ%%n%g% ?mé PS%%
S5substrate atd tde aVtsTGY a strongshoetalbich lb@ﬂ@b@@t%@lthla@

i mpl emend i ngs i srAed haeh ofhel @sd £ phytic co-deposition enables parts to be
coated that are conplex in shape, since the nethod is not totally

di rectional and tHe %ﬁﬁq¥43%&ﬁ9eﬁﬁa?FS?¥¥@%aF?a?sl@Qﬁ?m@%Bh?%th%?th t he

bath of el eckethod &f elect il et nes-edesscht Bomeshad] daspi hes agy apé age of
not subjectl tQ§1§§bstrate to thermal stre met hod of

el ectrol ytica B 13y O BONpostt 6 %%%?1n%l%%%p§$%l%%t%9ﬂefilT?E
matri x cont digtiagl patiretesond brandetlpurgoserefsuepace i of thaepatt biade

5(120, 430) .54 he et fod, i (Pl e 09 dhe{oLL P Pge Steps:
Furthermore, such a method has the advantage of not

subjecting the substrate to thermal stress.



providing at | east one blade (120, 130) form ng the cathode and presenting
a surface to be coated that defines a critical zone (21) and extends in a

| ongi tudi nal direction between the root and the tip of 10the blade (120,
130); providing an anode (19) made of a getal and connecting the anode
(19) to a current source; providing a solution formng an electrolyte bath
and containing insoluble particles; 15 providing a support (12) nade of a
material th ﬂfﬁ§ not conduct electricity, that presents a reference wall
(14), and tha% s suitable for receiving said blade (120, 130) in a working
position relhtiXencohofheof ef¢beencel vbitally)depOsbunngng saindobliade (120,
130) on sali t iy I i 1.t 0n,; Lacing the support
(12) in saigciﬁfﬁ? o%;ﬂéﬁhéfnéaédm&eé%%?%eggg#%%ngoﬁgg%?g#gs and nmetal from
the anode (1R3TrSECHIStolPHria RBEPPAY PDOYebAlrhegsarhataltblpde25coat ed:;

the met hgd being, Chﬁmﬁptﬁlﬁézﬂé'tﬁﬁd_tﬂﬂﬁ)léﬁéﬂtﬁﬂ?dﬁhé193)_liL§wPh§C§gef)§.Ci ng the

critical zone (21), and.ip that said su ori é 2) flgéed for each bl ade

(120, 130), with ne%ﬁ%v¥%ﬁn%oﬁYri???ﬁgoﬁgn% agf éﬁ%ﬁen% b 5rR&ng0obt ai n,

on the surf aclee tcaticodoated pfesentibhl ades(iPOce 180) beaccaaednghé0)

presenting y@gyiﬂg%tgi €€§féaih?%n%s Q{fdgﬁgrgkgggdgngnrelatively const ant
% and a &e

for the critical zone cteases progreSS|v%Iy down to a val ue
of subst ant i &¢nyitzednal ohgredel egestotesatlde 35coht ing tRO)tipl6f 2. A

net hod pgcording,1 o4& pigp 1l 1 ¢hpracterized in that said means for
controlling lines of current conprise a |ongitudinal portion of the support

(12) suitable for' fRESHEIERY PRARGER tbo9bhen2dat el dfmehpd dRrdde (120,

5130), connecting the anode (19) to a current source;
+ providing a solution forming an electrolyte bath
and containing insocluble particles;

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 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 (12) in said solution; and
co-depositing particles and metal from the anocde
{19} so as to form a coating (20) on the surface to be
25 coated;

the method 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 means 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
predetermined and relatively constant for the critical
zone (21) and that decreases progressively down to a
value of substantially zero along the edges of said

35 coating (20).



3. A nmethod according to claim?2, characterized in that said portion (15)
defines a location (16) for the anode extending in the |ongitudinal
direction and facing the 10critical zone (21), the profile and the position
of the longitudinal portion (15) of the pport (12) and of the anode (19)
relative to the surface to be coated befﬁg selected so as to limt and
orient the lines of current. 154. A nethod according to either preceding
claim characterized in that said conposite coatin

i {; (202 con?risﬁnﬂ a
metal lic mat?i @ doritedi dRFYeiing| e $52HF theCMEFRLRAL E5Pel i hithat said
angge (19) i§a{]@c}@e§ﬁs %%@F@n%&olﬁdﬁ]n@eii@e§F&EC&@ﬂriﬂi@%?ﬁhprf@e and Fe, or
a m xt ure, t her eof, i n_1hat article e s iop _are
particles ofl?ﬁgﬁﬁﬁél RONRL 1 %%Ig% et ¥Yd Y?{%i,s%fgaﬁé? E%? Nb, M,
Pt, and raref®attdissaid. sur fmtdotb doe ocdabgdt of apgigrietadénglzgfai m
250harac§erif &jn that said coating (20) presents a thickness in the

1

critical™ zone lying in the range 10 pmto 500 pm 6. A nethod
according to any preceding claim 30 characterized in that the surface to

be coated of;sai dbiRele 4d20%a139) b ScthensHct inarstderyabl (A2inal3l). 7.
A nmet hod according to any preceding claim characgﬁéLz d in that the
e

critical zon@iPHorkleme(LohedSEITHS vi tACE hECF | ¥ oh"Fs2HB9E ur ed
such that thext&paisgnet hoge enabd esudheal | irsetioonand £heihfadre (120,

130) to,_be restored by bei uilt up., 2 8. t hod. rdin 0 any

precedi%@ cI%f%%l%%ﬁr %?%rpg£g’i5h?h§fogé$% %ﬂ%é%ﬁ% ?%giggégsgrtg e for

recei vi ng t woomdackedifdP0podB809ni h12) wof kEhg pesporon(12) and of the
anode (19) relative to the surface to be coated being

selected so as to limit and orient the lines of current.

15 4. A method according to either preceding claim,
characterized in that said composite coating (20)
comprising a metallic matrix containing particles is of
the M,CrAlM, type, in that said anode (19) is made of a
metal M;, M; being selected from Ni, Co, and Fe, or a

20 mixture thereof, and in that the particles of the
solution are particles of CrAlM,, where M, is selected
from ¥, Si, Ti, Hf, Ta, Nb, Mn, Pt, and rare earths.

5. A method according to any preceding claim,

25 characterized in that said coating (20) presents a
thickness in the critical zone (21) lying in the range
10 pm to 500 pm.

6. A method according to any preceding claim,
30 characterized in that the surface to be coated of said
blade (120, 130) is the suction side wall (121, 131).

7. A method according to any preceding claim,
characterized in that the critical zone (21) is the zone

35 in which the flow section is measured such that the
repair method enables the flow section of the blade (120,
130) to be restored by being built up.



Srelative to the reference wall (14). 9. A method according to any one of
clains 1 to 8, characterized in that the support (12) is suitable for
receiving nore than two blades (120, 130) in a working 10position relative
to the reference wall (14). 10. A nethod,@ccording to any preceding claim
characterized in that the blade(s) (120, 130) are blades (120, 130) of a
tur bomachi ne nozzle. 15 11. A nethod according to any preceding claim
characterized in that zones of the blade (120, 130) that are not to be
coated are masked beforehand, in particular at the locations of drilled and
ot her hol es.8 2 method reetdwod] Bog orali ayy tpraeyd precebhing, cl ai m

characteriz i S | ace nis
establlshedqgukgﬂe so ﬁ%?d%€mn ééi&"@ﬁ%?%?% FQzP |?%¥téﬁg%2£% t he

sol uti on andteCAoiivarieg |wm n JaZ%ecb%Qi shace wrlsmgsmmtbﬁn t he
support £ 12)rdeitordl @sethd nrsad fesegongt spacey . 13. A method according to
any preceding claim characterized in that while co-deposition is taking
30pl ace, the support (12) is caused to rotate about an axis that includes a
hori zont al cOhnpEonertthod lakcdrditdnoth odny eshorofigebd adesl coops) si ng t he
steps of: V. g g om a O forn1a
35surface to (f%éégr%égg)iﬁmkh%ﬂ %ﬂ%r%%égé%g gliélg%ﬁggﬁéggﬁé sUrface to
be coated; xEceiving rcwe itpn Hevsuriadest 61 b, cb&@)edllmfatmrbiza@e with
MLO AL €Y e SRR Ao 1 ACHAL ALDORO LhEBA004, 001 apyapl claims 1 to 12,

to build up the blade; and (iv) i1nplementing a diffusion heat treatnent.

10. A method according to any preceding claim,
characterized in that the blade(s) (120, 130) are blades

(120, 130) of a turbomachine neczzle.

15
11. A method according to any preceding claim,
characterized in that zones of the blade {120, 130) that
are not to be coated are masked beforehand, in particular
at the locations of drilled and other holes.

20

12. A method according to any preceding claim,
characterized in that, while deposition is taking place,
circulation is established in the solution with an upward
flow in a first space of the solution and a downward flow
25 in a second space of the solution, the support (12) being

placed in said second space.

13. A method according to any preceding claim,
characterized in that while co-deposition is taking
30 place, the support (12) is caused to rotate about an axis

that includes a horizontal component.

i4. A method of restoring blades comprising the steps of:
(1) removing existing coatings from a blade to form a
35 surface to be coated,

{ii) preparing or cleansing the surface to be coated;



5 15. An assenbly for electrolytically depositing a coating (20) on a bl ade
(120, 130), the assenbly conprising: at |east one blade (120, 130) form ng
t he cat hode and presenting a surface to be coated that defines a 10criti cal
zone (21) and extends in a longitudinal girection between the root and the
tip of the blade (120, 130); and a support (12) nmade of a material that
does not conduct electricity, presenting a reference wall (14), 15 and

itable f iving.said blad 120, 130) i Kj i,tior | ati
o the refor bhbb ETTC1EA) PSLF A EiBB0F e DE2 FEFENSE EONpPTarRgY FBr oach
bl ade (120, MBCIAlMZ| oyge tnalfenlaporacoordiby stai thél mefbodf afi agysaEd

surface to bg%%gﬂ%eg of ggidt?gﬁg?l&lﬁﬁ,ggglggg e§a5g portion (15) defining

the | ocation he anode’ ex Ing It ongr tadi nal direction and facing
t he critical(%6heim219me@hén®r@fd%ﬁguﬁh@nth@abo§rﬁﬁ§m§nbf t he | ongi t udi nal
portion §15) of the support (12) and of the anode (19) relative to the
surface to be coated beinggZSselected tolimt_and orient the |lines of

current in streh 20 nadPRPPLE 9T oBtEFhrObKRt LRl $¥r fERBSEBIRE R05PRHIBE sai d
bl ade (120, 130),o0m goatadg (2O}, pIBSENt thg ¥asymbyyt Bowknessnghat i s

feor cases 50 prog cibi VETS 1878 DLFOE of28ubs?ai FarTy der 5 arohoHRe edges
of said coatamg PP9yenting a surface to be coated that defines a

10 critical zone (21) and extends in a longitudinal
direction between the rcoot and the tip of the bklade (120,
130): and

a support (12} made of a material that does not
conduct electricity, presenting a reference wall {(14),

15 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
facing said surface to be coated of said blade (120,

20 130), said portion (15) defining the location for the
anode extending in a longitudinal direction and facing
the critical zone (21), the profiles and the positions of
the longitudinal portion (15) of the support (12) and of
the anode (19) relative to the surface to be coated being

25 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 (120, 130), a coating (20) presenting wvarying
thickness that is predetermined and relatively constant
for the critical zone (21) and that decreases

30 progressively to a value of substantially zero along the

edges of said coating (20).



