Repair of a Coating on a Turbine Conponent Field of the Invention

[ 0001] This invention relates generally to the repair of turbine
conponents for a gas turbine engine and, nore particularly, to a

nmet hod for repairing a damaged coating on a turbine vane w thout

di sassenbly of the turbi IHHUU# vention

[ 0002] Gas turbine engi negl?esuchag?soaﬁﬁtgg’g‘qgg%eﬁo%%\%étnmder n
aircraft or in industrial applications, include a conpressor for
pressurizing ap',slldn,pmémq‘,enﬁbﬁ, a conmbustor for burning a hydrocarbon
fuel in the pr nce of the pressurized air, and a turbine for
extracting end Eﬂ/‘ I r om Thiginyestion wels E@@Fﬁﬂﬁé‘t‘i’%@@}é@fé@bmmﬁnw t he

COMpr essor,  COomPAEds@lrbiadehgtidlafM, %r@ﬁaﬁlﬁlaﬁy QF @ﬂleﬁp@fb} reﬁal agf9i ne
axis with the conpr essor |Sp03e axi al é ﬁ&s ream of He ust or
2.1

and the tur bi fe¢REPGuaAILEIE MO Girpser bﬁftufbrh@rﬁflﬂﬁi?ustor Ai r
drawn into the engine passes axially through the conpressor into the
conbustor wherein fuel is conbusted in the air to generate and

accel erate cortrskgiospd gitbelverfion nass t hrough the turbine and out the
exhaust nozzl qo(m‘z]the g@a%tﬁrglmbb,{ggwgrgg&hrh@thog'gx%e@tgl]ggg&ldl&gmgﬁ&gﬁ ofurn
the turbine, which t @ea shafci in common with the conpressor to
drive the corrﬂ’t1 3’9%‘? HEpadciue 2 RPN SHHRIZEE 8 SePPhafgir hr ough

the turbine, \ambeus f&ﬂbﬁbﬁm Igh@eﬁmrﬁuelmbpﬁen&ehﬁtﬂe%é%d?&eﬁna&ﬁ
vanes and turbin \ﬁ,ﬁt or bl ades of the turbine, are exposed to hot

conbustion gaddWoingAerriaFoe sierey figm hofepudant sembustiongaseya Canarally, *(BF

whi ch those t ublbResoskefiRRloart@biBER dishthe@EIbal a deRirfl iR xistvif the
turbine elenments from.oxi §x@% and C?éﬁ;OSI on due to exposure to the

hot conbust i ofPYREEET difosq RRsEaTbghe Gomubsteread ths habyag digpessdous

t ur bi ne el enenkiallydwnsoaam dfﬂ’rhel”@ﬁﬁudtc&yﬁirﬁir@\fn 1ﬁ(olﬁfefbh§iﬁé paé@s eRaty ng or
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gas turbine en§PHdd {’WOPW‘eéﬁ?r H‘Itch[ﬁ’? ﬁ‘f“&]@“&ﬁ‘?’]? f“ﬁ 59"3%'@@%“‘6?3 air o

manuf act ur i ng gtiveatd ardacreizraebnibesion gases that pass through the turbine and out the

exhaust nozzle of the gas furbine engine. The combustion gases turn the turbine,
which turns a shaft in common with the compressor to drive the compressor.

[0003] As the hot combustion gases pass through the turbine, various turbine
elements, such as the turbine stator vanes and turbine rotor blades of the turbine, are
exposed to the hot combustion gases, which may also be corrosive to the material of
which those turbine elements are made. In order to protect fhe turbine elements
from oxidation and corrosion due to exposure to the hot combustion gases, it is
conventional practice to coat various turbine elements with one or more layers of a
protective coating or coatings. For example, it is known to coat turbine stator vanes
in gas turbine engines with an aluminide during the process of manufacturing the
turbine modules.

[0004] The turbine of the gas turbine engine is generally an axially extending
assembly of a plurality of furbine modules mounted to a shaft. Each turbine module
may include one or more turbine stages, Each turbine stage includes a row of

stationary airfoils, referzed to as the stator vanes, and a row of airfoils, referred to as



[ 0004] The turbine of the gas turbine engine is generally an axially
extendi ng assenbly of a plurality of turbine nodules nounted to a
shaft. Each turbine nodule may include one or nore turbine stages.
Each turbine stage includes a row of stationary airfoils, referred to
as the stator %aRBRdestMGued QY ed.to a
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is conposed. |If the danage is deemed suffricient to warrant repai’r, it
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t he assenbly havi ng the danaged el enent may b | aced or repaired.
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large to be piaced in a conventional heat treatment fumace or oven. Further, even if

a furnace or oven were large enough to accommodate an entire turbine module, the
whole surface of the turbine module exclusive of the stripped area to which the new
coating has been applied would need to be masked to reduce the risk of

contamination of the undamaged surface during the heat treatment process.



metal coating to a selective area of a turbine engi ne conponent
having a deficiency of netal coating. To apply the diffusion netal
coating in accord with the disclosed nethod, a netal source
containing tape is positioned in contact with the selective area and
hel d in contacfgophth the $el v, | der..that is
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damaged coating on a conponent of a turbine I'n a gas turbine
engi ne, the cdﬁ*ﬁf?ﬁ@?ﬁ‘a Wyﬁﬂ‘%ﬁp@%%batﬁﬁt‘@rﬁaaﬁpoﬁ%ﬁ\ﬁp AErsige la¢afipredn on

coating appli ege ti@d tdw i?%&ﬁmmfn@ﬁieﬁhm cbﬁﬁg%%mtﬁmrkﬁécgg 1r1:ch.lgm§t eps
of blending the area o? damaged coating wth an_area of coatin
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gas plasma. TH&4 ﬁ@‘c?tﬁ’ﬁggﬁ’ét"fﬂﬁéhaf {E’H‘E‘FFe*ngfl%%eecﬁfd}%§’R? ﬂfg}h‘an
area surr Oundldagnrtghﬁtdﬂaﬁﬂdﬂﬂe&E@ﬁat&rdIWbete@feéthg step of directly
heating the bl ended area to which the touch-up coating material has

been applied with a hot gas plasma. In an enbodi nent, the conponent
nmay conprise &untidypetiRtiiatatioyane and the touch-up coating materi al

may conprise um ni de t.i n t | al, 0010 S

directly heati ﬁmﬁi he blg‘ gl?f% g‘”flr% “lgﬁ% afeﬁﬁtd;"ﬁﬁe‘it“t?g%gl"ﬁg"

mat eri al has twempompqcﬂﬂaem‘bm tiodide lmatcagaﬁmmaagum ﬂmn@mffoﬁm&dmeatl ng
t he bl ended an t he..t ouch-up coat | mat er i al
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pl asma gun. Trvemsmsapg toé stcbsroécbﬂdn;hngﬂmtarengfddﬁﬁgdsﬂ watigovidra@arsh @f Whi ch
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may conprise hea[nigg%c[ﬁﬁalggtll% affe(a?%aﬁné’ﬁedtc(? '\E;Wﬂ TRLYIRS PUShR cﬁ%m%oatl ng
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a powder coating | ¢oat ng
deact i vat ed duwdludg tlterfeﬁltye step cfgnzsklepan fr&Gbpinding mhaisqmdeﬁ greagpriotitolthene
vane forned of teﬁ opa&@ﬂfrﬁéaﬁﬁé fﬂl: bl@x‘?&é!ﬂ D@a & which the touch-up coating material has
been applied with a hot gas plasma. In an embodiment, the component may
comprise a turbine stator vane and the touch-up coating material may comprise an

aluminide coating material.



di ffusion coating of a coating material thereon includes an area of
repaired coating. The area of repaired coating conprises a touch-up
coating material applied to an area of damaged coating and partially
diffused into the base nmaterial by directly heat treating the applied

touch-up coati teri | SORL l.as |.n_an. di prent
t he apploi ed togtg]ﬁéjﬁp ngihle %\%ﬁ %&@éggéﬁegﬁgé&ﬁ%gag%%%ﬁ%t“ﬁ‘ggg’gg‘jﬁﬁ a
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The area of repaired coating comprises a touch-up coating material applied to an

area of damaged coating and partially diffused into the base material by directly heat

treating the applied touch-up coating material with a hot gas plasma. In an

embodiment, the applied touch-up coating material has been heat treated with a hot

gas plasma stream generated by a hand-controlled plasma gun. In an embodiment,

the applied touch-up coating material has been heat treated with a hot gas plasma

stream generated by a hand-controlled microplasma coating spray gun having a gas

nozzle and a powder coating injector, the powder coating injector being deactivating

during the heat treatment, The touch-up coating material may corprise an

aluminide coating material.

Brief Description of the Drawings

[0012] For a further understanding of the disclosure, reference wiil be made
to the following detailed description which is to be read in connection with the
accompanying drawing, wherein:

[0013] FIG. 1 is a schematic view of a longitudinal section of an exemplary
embodiment of a turbofan gas turbine engine;

[0014) FIG. 2 is a perspective view of an exemplary turbine vane having an
area of damaged coating;

[6015) FIG. 3 is a perspective view of the turbine vane of FIG. 2 having a

blended area surrounding the area of damaged coating;



[0016]FIG 4 is a perspective view of the turbine vane of FIG 3
having a touch-up coating applied to the blended area and the area of
damaged coating; [0017]FIG 5 is a partial schematic, partial
perspective view illustrating the heat treatnent of a touch-up

coating in accgrdence wrd 4ipe éfaiebtwé vﬁy\mkmﬁ‘ém%&rfé'om@@%an%nt of

100181FIG 6. is a flow chalt trating an exenplary e
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exenpl ary enbo nt t urbof an, gas turbine engine, desi
generally as 1 T)“ t‘?ﬁﬁ‘&?“"i"ﬁ%?ﬁﬁ’e‘g’ copting p ffﬁPféW%W&hfhelnaﬁﬂyﬂtdualpwdlhmyln
about a centrahndengi ne axis 150, a fan 102, a | ow pressure conpressor

104, a high pr re co essor. 106, a conbust or nodul e 120, a high
pressure turbi ﬁ’ﬁ%OB ahitl-&- S aWop chs ilnsirating a3 exemplany empodimensiof & f or s

a housing or Wmafhod bfrtpasringlaQididss dobigigda s tlbibdEIBGe®Ngi Ne 100 to
provi de an aer odynam ¢ housi ng about gas turbine engine, In the

turbofan gas turbine engine 100 depicted in the draw ngs, the nacelle

i ncl udes, ~f r onpét@iled Descahtion &t'@lﬁhﬂﬂ&iﬂaﬁ i nl eth 132, thel fag480W:t1_341t
t he engi ne cor w 136 and the prinmary exhaust nozzle is to
be under st ood @Hgﬁ t he ‘irﬁﬁdiela%tg‘g Ve d Rereniay smbestiment of 4 wipofan

appl i cation tOgash&bldeatg@teeabs@mmgeH&my 2108 taemcuidPE O rROBLAE, but
is applicable e en |nes i ncl udi ng ot her

types of air cr%??%sglgﬁx ‘ﬂ%g’i ar?é“fé’&l.g’?gﬂ@mié 3153 W AFRSTURG SOMPESTPT
power gener at i 4, ghigh pressbtertempREoNERS, a combustor module 120, a high pressure

turbine 108, and a low pressure turbine 110. A nacelle forms a housing or wrap that
suirounds the gas turbine engine 100 to provide an aerodynamic housing about gas
turbine engine. In the turbofan gas turbine engine 100 depicted in the drawings, the
nacelle includes, from fore to aft, the engine inlet 132, the fan cowl 134, the engine
core cowl 136 and the primary exhaust nozzle 140. It is to be understood that the
method described herein is not limited in application to the depicted embodiment of
a gas turbine engine, but is applicable to other types of gas turbine engines,
meluding other types of aircraft gas turbine engines, as well as industrial and power
generation gas turbine engines.

[0020] The method for repairing an area of damaged coating on a component
of a turbine module in a gas turbine engine disclosed herein will be described in
reference to the repair of an area of damaged coating on a turbine stator vane.
Referring now to FIGs. 2-4, there is depicted a segment of a turbine stator assembly
20 of the low pressure turbine 110. The turbine stator assembly 20 includes a
plurality of stator vanes 22 disposed at circumferentially spaced intervals about and
extending radially between a radially inboard rim 24 and a radially outboard rim 26
circumscribing the radially inboard rim 24. Each of the stator vanes 22 is formed of

a base metal coated with a layer of protective coating, such as an aluminide coating.



[0020] The method for repairing an area of damamged coating on a
conponent of a turbine nodule in a gas turbine engine disclosed
herein will be described in reference to the repair of an area of
damaged coating on a turbine stator vane. Referring nowto FIGs. 2-4,
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be heated to first cure the touch-up coating 50 to partially diffuse the touch-up

coating into the base metal of the stator vane 22. To properly cure the applied

touch-up coating 50, the blended areas 30 and 40 must be heated (o a temperature in

the range of 155 C to 163 C (275 F to 325 F) for a period not less than fifteen

minutes. Following curing, the blended areas 30 and 40 of the stator vane 22 must

be heat treated at a higher temperature and for a fonger period of time. For example,

the heat treatment may be carried at a temperature in the range of 871 C (1600 F)

for a period of at least four hours. The area surrounding the blended areas 30, 40 to

which the touch-up coating has been applied may be masked with a protective tape

70 prior to heating the applied touch-up coating 50.

[0024] Instead of placing the stator assembly 20 in an oven for curing of the

applied coating 50 and subsequent heat treatment, in the method disclosed herein,

the necessary heating is accomplished in place by directly heating the blended areas

30 and 40 with a gas plasma jet 60, as illustrated in FIG. 5. The inert gas plasma jet



be heated to first cure the touch-up coating 50 to partially diffuse
the touch-up coating into the base netal of the stator vane 22. To
properly cure the applied touch-up coating 50, the bl ended areas 30
and 40 nust be heated to a tenperature in the range of 155 Cto 163 C

(275 F to 325 @ayﬁ:@lﬁvcrﬁlal%rdsmgaB&’iabie@ﬁ&oﬁm{h s%iaﬁr%@a?iﬂg RpRhE Raving the
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touch-up coati mgteﬁalsnﬁ&&rssampbpe&@koﬁwhmlcf@%zﬁﬂsﬁw&aaaﬁ?r&bﬁfrﬁﬁs@o‘{ﬁ

tape 70 prior to heating the applied touch-up coatin

[ 0024] | nst ead 61°°1B’F%F8“ﬂdmtnﬂ%r %’t&éetcg’rc agrds ggnpiaipd berwesn th%a“@%w ggithecur i ng

of the applied c:ﬁﬁkﬂfc i8BITR 1201 sﬁé&ﬁﬁﬁﬁb‘é‘é\%mﬁ@@ﬂ the AR 3hTRRY as, bk utope
nmet hod di scl os rein, the necessary heating is acconplls ed in

pl ace by di recf We Qe BTy K 9]0%16@?6“(5‘“5‘?—@%1@&53@ thyauehale shgefris aze gas
plasma jet 60, gaRratddlbdiletdihe tndd 84 hdd theoathbErd. BRF § mORAeRhRAERudsBh

may be generategd usi rtable m ¢ropl asm y .coating appar atus
havi ng t he coaf’%:i '{’}gﬁ’é‘irgﬁ?sgﬁél’@}’ PRGN APBETR YR r?fpr§‘&’l§l‘%lﬂadeﬂ%83 bitent

illustrated sch@ﬁmﬁn@&fubycahﬂn Fb. @S 006/0buz 748, %ﬁm@h@mmﬂj@yﬂl@oat I'ng
appar atus 80, t he . dashed ine, includes an arc gas

rese d. b
enmtter 82, an a‘ﬁ%%l% %121'%“3& %&f‘f}%a@m@eﬂtﬁaﬁ%fﬂabafb%{%rrnﬁ@ i atireRd

material injectooes|88. | WhepeeditOflasia shiaf coitifg ANRAREBO BRERYN £0at i Ng
apparatus 80 in a conventi onal g’?’i‘d’ er, an electric are is generated

bet ween the anBU&CHA"YAYMRL PR M grayatng (o & HRTkelers  RPRERTSds
generated as t tretisg malgr&m is cﬁapelktedisaroubluihe Rdctdr Bkt elle HlOsmaAhBRN 60 and

gener at e bet vEBPERL MREHETHR R O - CHERIS B8Vt e pah o
det ai | ed di scusspecdnf tbé mathp@d1tcﬂchbcehm:m,nm:moasbmln&mpwmsQﬁiy ddgting
a6 cotBS o8 B BRel B geherye FBHGHAS ARB RS §lkp Pr'(;t Garion
is hereby i ncolnqbeuaaﬂ@ullalawm &Odnycﬂyempmgcnmmﬂm toﬂch-upnbatnhg‘ﬁ{yapphed to

10025] Wien they LG AELASIR GRUGY, SOALHDG, ARRMALIS B IS ted ln @

conventi onal manner a
powder ed coat i ﬁ'ngcmls@ﬂmiaio posfdds@mmdattrhi Isld!;belisétbnton]heﬁmt gds pBSma nt o
the plasnma str 6 stre to the
wor kpi ece. Hov\s’gl‘\’a/}genr1 9lln‘?ilril!av:,ptg %%E‘Pa{ Lg%nﬁé%éatl glé cno%gfsﬁg]ﬁieg\escl osed

herein, the pdqorralnie @lwmseplsasmaspg@par@toasﬂ gegemqopexﬂm pise Bé} gamy be
used to gener ahg k060 87S I e gas
pl asma st reamaﬁfsondl r?ct?y&?nﬁ%ﬂﬁi u %B {ﬁﬁm? ?r%gﬂghéeolﬁathmﬁ%e%%l%

appl i ed to thesapplesitfetirean auy Te&woalndre% témgpediineesoh exegsstofi 20, fd\itke tied
coating mat er i@l o isSBRRS iR PaskHP B @R

material is di spensed i ntloga{s Ieg u@ i le %g%rrgr}g% ?égggs%ﬁg’?%&)%h'e&g
powder ed coat|1?@“%1&?‘@??%‘P@F@@@Wghgieﬁlﬁﬁmﬁan di sabl ed, the portable
m cropl asma sph@; coatlﬂgtmﬁggﬁhg bot gas
pl asma streamp[GO for exanple an ar o%tgﬁgﬁ gltagéﬁ Oyd"@m&%lﬁlg %

Al t hough t he H@?n@a@uw-&emtmm@mlwa@ tortheoriendyd are@dﬂ anddfperiad ures
i excess of 20uBR0akr fhe bl Bl el FIG sl A Bed LU

the electric arc, tﬁe)rho? gag Pq(:alsrra strea 60 Pga}e W&g % alg?
passi ng t hr ougediptes @ﬁ@@tqiﬁf@c‘%’f@e]eflbn%]lms Plemﬁe&tramlﬁ% 'Evfpicaﬁnetﬂeot
gas plasma st rgamSfediing Lﬁﬁ%&d’t‘gls@&lﬂd e} q

mat eri al appl |ggd to tehel Eﬁ]T’eg'ndgdl ar eas a ij(} 409151?1&%(‘(%#5)}%%%%&51?&or
vane 22, as depicted in FIG 5, may be control | ed by adjusting the
gas feed rates and the distance travel ed by the hot gas plasnma stream
60. Typically, the gas feed rate will range front about 3.8 to about
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gal lons/ m nute).. The portable mcroplasma spray coating apparatus 80
may be hand-controlled so as to selectively position the gas emtter
82 at a desired distance fromthe bl ended areas 30 and 40 on the
turbine stator vane 22, typically at a distance rangi ng from about 76

to about 200 mighlidneRiiRle. CADRIHaI nh@olﬁmwspr&%&daﬁﬁgﬁ)pm{mo fe2bl e

mi cropl asma spr 1ﬁjncoat % appar.at us e hand-contr c? so as
to sel ectivel y "8hfanBpliadie 2 o seleqtiyely wpsition ﬂtehiés siitiefiat pHesptdisianceam

60 actual |y hegom ﬁ@ﬁeﬁd@ﬂ'ﬁﬁaéﬂ@ 5098 bﬁ‘ﬂeé%u%tatt&%amﬁn ﬁ!a] f£as 30 and
40. 100271A sui table r e m cropl asma s coat ng apparatus for

use in direct | WSHECHP ﬂ?oéhsztﬂ a’éf’r“é%\OOSUPZJEFWtI% (ahantctio ebaut § ol up
coating materi dhe wtabasmaeﬁasnwlayeshmg bppa@nul @éo ﬁ%sbatﬂaﬂé E@mblned% gord

wi th an aspect th hod di sc|l osed herein is Conpac | asma
spray (CPs) syt Sé*fﬁ"“‘é? SFor A e mpefar yen %P%sa%e}%%ﬁ@rwwpea@&ww hegts

avai | abl e fromisubwliup bbdiag 5§ biShe bRfded efcadMShBUbY, New York, USA, The
Sul zer Metco CPS system uses argon as the plasma gas and has a

maxi mum power 028w a AstriieeR © FhfieRasge spiry copbinganparatus Ry usg in
maxi mum DC vol tng#ly aéati 4 i lehdsd aEéaQat%q]oR@fvman tH8 GouldR\Mh ESutifg fFaterPal 5?
process flow c[1art IS gfaio ted raII |Ilustrat|nﬂ]§an exenpl ary
enbodi ment of PHEHEIR hach% E‘f‘&iﬁ"“‘? With papapset thganethod g of

damaged coat i ngdis@6se@héleiats @e eamf&t Blhl{nfafsfpfh?l(om)@?&enﬁraeﬁn%le daamged

coating are blended. After c the bl endi ng ste
t ouch- up coat i FPdaynsttE?’lcﬁl?““B’ﬁlaﬂga‘ﬁﬂﬁi?@%lntgblzir%et‘tﬂ @ﬁbg’ﬂ Vg“étblwa 40,

such as by appNeealorlQUSAl The ShidérWetef CREARétem Use8BigBh hethe MhsnflRpd d@at i on
of a tape |nprf3%nat ed with cog%iv?g material. The area surrounding the

area 30, 40 to TH&MYEUERPUFTE ﬁd"%’f"ﬁ’l‘Pgla"@@faﬁea%f Herpsaphi i ed i s
masked. The m sedphadd@vdpgayf00als. ng apparatus 80 is then energized

and t he powder oatin ensi n nction js disabled is to be
under st ood thafbg%sﬁe po e@”ﬁ’gé'?)‘ﬁtt‘f %& g’la%%pﬁsssid‘?ﬁ' “gﬁfﬁl?tdre]ﬂi?fe‘}:%ﬁ?%“)be
di sabl ed ei t heflluitetiog & exempibiyembbieentiof the pleaBadisapdea Yierdia AlnitAlly, an

ceFecti vely podet TS opid 5o BlinaRa 30 S i e o6 pihraed Safas” ' °
ai med at the asredlendedt dfietvoupletomef theghlGiling Flep, af thiwh-upiconing ntaterisisgh t he

emtter 82 is i r.ate to affect
direct heati ngtsg ﬂwtg @Q%%? %ggg’%g&ﬁ%f(oﬂ)v\,ﬁamﬁ O?I?‘l%lm%?ftccﬁatﬁ'ﬁ
coating materi lailte@(b Ohmhmgnomppq imgregnatdd veithlvostingarsatqoia b ST ated
partially diffuss ; ial, into.the base
material of the wor |t§32agéd %466 %sq@ﬁg u g%pfﬂg%aﬁ%?l%roggs WrARicLFr eam
gener at ed by nlmednﬂm@mra@ma@paypmnammm &@Isamanwmrglzedﬂd pgewder ed
di spensing fu 384

coating cont aanbﬁlatl ogéa%ﬂ%b %%nTh%%afbh ﬂi Jéylg&cﬁggggﬁ%&e@gm%b%{ffm\}% for
the in-situ rejedideredoating dispepsing fupetion sowdd bektisshlye ditieobefom gr affer tre

turbi ne. compongloyAbmfaifobtiiabRgs R the

t ur bi ne nodul e. E%I; emlsm natol ng eatﬁsg% pgle}%fggggieeﬁfbgﬁ%ﬁ%gpo sever al
stages of a tLﬁ%‘Ff}ﬂé‘PP%atPselﬁﬁﬁ}@h&dY pasiioned adsefiaddistncd figm the sonipinentd
with a locali Za%ﬂe@:ﬁﬂﬁ abh oﬁ%ﬁaﬁ\?@coﬁﬁ%@o“%e ﬁ&pl)f gh 8%11% eH"t?er gf j;hod
di scl osed herein w Il reduce nal nterance cost uce re

t ur nar ound ti rien iiatedafiihe desirddeas Bew ratecto pffect éfa:st lpﬂam tlmtbrmam area
directly to the oealichert @f@plBaiinmRid s been
appl i ed provi des suf fll ci ent hegt aeﬂlls‘grngynt ostopgrlls.&leg%y di %‘Eoet@?i
coating mat er PSR iR RFrals diffisetherapidied ipichsup qopiing vkl intp tbfrlpaefnt ation
has no si gni figadHa) 8 heRbrkPiBoe! GRS LdeDr Bk ph PREL

Addi tionally, lt he 1ikeli hd(;]gd eof bor?d depégglgtggggplg nor nar{lgélrggltegby
structures or porosities is mnimzed. The nethod di scl osed her ei n
may be used to repair |ocalized areas of damaged coating on
conponents having sinple or conplex structures.
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[0030] The term nol ogy used herein is for the purpose of description,

not limtation. Specific structural and functional details disclosed
herein are not to be interpreted as limting, but nerely as basis for
teaching one skilled in the art to enploy the present invention.

Whil e the presemmicihpfshh %tlﬁ@zﬁ)pgﬁﬁgfi(p@fﬂ; ftscﬂ'ékﬁgnje%' F%‘%@X}ﬂo %8511 descri bed

with reference o the exenplary enbodi nents as i ated 1on the
drawi ng, it wi(9sapJed subaianyis 32@8“‘199*11?%1@@ ceting cerdeniiinatione art t hat

various nodi fi qggabpns ﬂﬁ%e%tmqﬁcméehﬁl%ﬁ aﬁ&%}m@& s‘}z{l&){ﬁ}&@ﬁo%%erd' t

and scope of the invention. Those skilled in art
recogni ze the é&éf ilemaged cpating opa jurbjae @awgnﬁnmftaegds fudyineesngimre pritout

described wi th gis@heNigpeR thbint BEdR e@spcl,lﬁ{ﬁ(atlﬁgﬁgquéﬁ%@hﬁasQ&nﬁﬁé %[%%

herein wi thout departing fromthe scope of ent 1 nven
[ 0031] Ther ef or &veral stpges pig Wrhinsdo rameye ¢ W@llﬁﬁf@@bhthaﬂnm baysnonent with abe

limted to theidalideh aldh 8f daﬁﬂ?&dz’o%@t ﬂica%r? tﬁbsrﬁgh Ixscﬁ;‘é{? ]}epe%‘}wﬁlhe

di sclosure wll include all énbodi rren s fal n% e scope
the appended cFediefgnainteyanpa\ggst and redyce rgpajratrprsel G’Fﬂer é'b%wnpiwﬁgloanf the ea

of damaged coahétpgs fasnd AR ARRAY tthe Bcath%cpdrél% WQQH L ﬁ)u}; Hﬁlmgl@ﬁal has
turbi ne engine, the cqonponent forned of a base materia

di f f usi on coat P?FQ g5t iPEry e suflprient heagensegy & pastially difBisere h@@iu@mntpmalm ng
the steps of bisngle B&eBﬂ"éfér@lrsﬁ%a%oaﬁ%&ﬂﬁﬂu&ﬂ% hé el c.tagt eﬁf&c%‘?&s@g

R TR T
structures or porosities is minimized. The method disclosed herein may be used to
repair localized areas of damaged coating on components having simple or complex
structures.

[0030] The terminology used herein is for the purpose of description, not
limitation, Specific structural and functional details disclosed lierein are not to be
interpreted as limiting, but merely as basis for teaching one skilled in the art to
employ the present invention. While the present invention has been particulariy
shown and described with reference to the exemplary embodiments as illustrated in
the drawing, it will be recognized by those skilled in the art that various
modifications may be made without departing from the spirit and scope of the
invention. Those skilled in the art will also recognize the equivalents that may be
substituted for elements described with reference to the exemplary embodiments
disclosed herein without departing from the scope of the present invention.

[0031] Therefore, it is intended that the present disclosure not be lmited to
the particular embodiment(s) disclosed as, but that the disclesure will include all

embodiments falling within the scope of the appended clajms.



directly heating the bl ended area to which the touch-up coating

mat eri al has been applied with a hot gas plasnma stream generated by a
portabl e hand-controll ed plasma ann. 2. The nethod as recited
inclaim1 furthetL&®fri sing the step of masking an area surroundi ng
the bl ended area prior to the step of directly heating the bl ended

area to which the t.ouchetig i@ﬂ@f;ﬁﬁl&aﬂ%@lﬁﬁcﬁln_a&ﬁ%oéﬁﬁﬁai aa&glpifn%gw‘,é}jaé?r}wge
claim f

hot gas pl asna e nethod as recited In°

, . 3T
the step of heat“ﬁ"rﬁiﬁlet"haegas|"‘%§{H1‘8“‘e?fg§?-é1éf ceppamsnidprmes ef 2 tosroheteral bavaia diffusion
material has beenatagpbiliedtowbd Hascandieal, 8@ snelod Sdibrsh s R GGRer ated by a

hand- control | ed plﬁggﬁﬁ un cog@)ri ses the step of heating the bl ended
0 éerﬁcg

area to which the touch-up COArt e ap a2 ofsiadamagsl doatihaviviiith sarrounds

hot gas pl asma shaasamf damgeddoatheby a hand-control |l ed m cropl asma

coating spray gun M| nozzl e and a powder coating injector,
the powder coati ng%?%inégtt%fﬁﬁlcoﬁd“ azeé?r\?ékleib%ﬁd?ﬂlﬁfeﬁ?@dthe heati ng

S]E egi y ) dpjees Qy,][mthac;@heé;@nd@caiqaadwhiq) t«ﬁé RudAdp cMiﬁ% BlafribihSs Sk hplied
0 endi ng t he wah g Rof ap C ng wit area of coating
surrounding the area o?as%anagg%mc%g%%rﬁg ycaoq‘?ﬁ?}i?@@g‘g’mff’nﬁll’%w &9t he
area of damaged coating and the area of coating surrounding the area
of damaged coating. S.The nethod as recited in claim4 further

conmmi sing the step,of a aditgg sai g (?rit-.bl asted area with an
abrasi ve device. 62The Hit NENCLES Faled medein ] fathst sampriging eisip phie st ep

of applying a maskingan area surrounding the blended area prior to the step of directly heating the

blended area to which the touch-up coating material has been applied with a hot gas

plasma,

3. "The method as recited in claim / wherein the step of heating the
blended area to which the tonch-up coating material has been applied with a hot gas
plasma stream generated by a hand-controlled plasma gun comprises the step of
heating the blended area to which the touch-up coating material has been applied
with a hot gas plasma stream generated by a hand-controlled microplasma coating
spray gun having a gas nozzle and a powder coating injector, the powder coating

injector being deactivating during the heating step.

4. The method as recited in claim 1 wherein the step of blending the

area of damaged coating with an area of coating surrounding the area of damaged

coating coraprises grit blasting the area of dama ged coating and the area of coating

swrounding the area of damaged coating.
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touch-up coating material to the blended area conprises applying a
shiny including the touch-up coating material to the bl ended area.

7. The method as recited in claiml wherein the step of applying a
touch-up coating material to the blended area conprises applying a
tape carrying the touch-up coating material to the bl ended area.

g. The nethod as recited in claiml wherein the touch-up coating

mat eri al conprises an alum nide coating material. 9. The

met hod as recited i% cl ay@nleAQt fhikqt; WY ing the
bl ended area to which .t he touﬁyﬁ- %J%E%kgéit??lﬁ%{frg]{tg%icg#ﬁﬁgg%%%ﬁ%afppl i ed
with a hot gas 2PRrIEEEIE srpiasied area it en Piyasiealeviog t he bl ended area to
whi ch the touch-up coating nmaterial has been applied wth a hot gas
plasma to partially diffuse the applied touch-up coating nmateri al
into the base materd.al ofeuistiog asistited i emipoinehdzein the step of applying at ur bi ne

vane for a am %&E@%f@ofa%ﬂ@hgﬁﬁaltt&'ﬁe Héﬁr%y-d Qf‘ea\égrﬁﬁri]séso; ﬂlﬁgfs}"‘%?ﬁ%i@gﬁ

mat eri al having a usion coating of a co efia
i ncl udi ng an ag’ééowhmpé@ﬁﬁnge@teddao thadplendediagkat ur bi ne vane
characterized in that the area of repaired coating conprises a
touch-up coating material applied to an area of danmaged coating, the
touch-up coating ngteri dhe methedad iycited it cliimdavledine siehaftappigimgpl asma
stream genera y : - un, to

G fase the i ogeh tnc RaRRRLER b Ao L SR 880 sy e
t urbi ne vane a$v¢hewi¢aating matetizhiathg Blendsdrea.n t he applied touch-up
coating material has been heat treated with a hot gas plasnma stream

generated by a
7. The method as recited in claim 1 wherein the touch-up coating

material comprises an aluminide coating material.
9. The method as recited in claim 1 wherein the step of directly heating
the blended area to which the touch-up coating material has been applied with a hot
gas plasma comprises directly heating the blended area to which the touch-up
coating material has been applied with a hot gas plasma to partially diffuse the

applied touch-up coating material into the base material of the furbine component.

10. A turbine vane for a gas turbine engine, the turbine vane formed of a base
material having a diffusion coating of a coating material thereon including an area of repaired
coating, said turbine vane characterized in that the area of repaired coating comprises a touch-up
coating material applied to an area of damaged coating, the touch-up coating material directly
heat treated by a hot gas plasma stream, generated by a portable hand-controlled plasma gun, to

diffuse the touch-up coating material into the base material.
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hand-control |l ed m cropl asma coati ng spray gun having a gas nozzle and
a powder coating injector, the powder coating injector being

deactivating during the heat treatnment. .A turbine vane as recited in
claim/0 wherein the touch-up coating naterial conprises an al mi ni de

coating material .

/1. Aturbine vane as recited in claim 10 wherein the applied touch-up
coating material has been heat treated with a hot gas plasma strsam generated by a
hand-controlled microplasma coating spray gun having a gas nozzle and a powder
coating injector, the powder coating injector being deactivating during the heat

treahmnent.

1. Aturbine vane as recited in claim /0 wherein the touch-up coating

material comprises an aluminide coating matexial.



